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PREFACE. 


He  who  engages  in  the  labour  of  abridgement  ought  to  feel  that  it  is 
a  self-imposed  task,  for  the  successful  performance  even  of  which  he  will 
not  always  be  requited  by  the  gratitude  of  those  for  whose  benefit  it 
was  undertaken.  It  is  not  enough  that  he  is  faithful  to  his  original, 
andthaty  while  preserving  its  continuity  of  narrative  and  description,  he 
retains  all  that  is  relevant  in  facts  and  valuable  in  doctrines;  thus  giving, 
in  reduced  dimensions,  the  characteristic  features  which  were  spread 
out  with  fatiguing  amplification  in  the  large  work.  Expectation  will 
still  go  beyond  ability;  and,  after  all  his  conscientious  pains-taking,  he 
must  be  prepared  to  hear  of  omissions  charitably  imputed  to  him  as 
negligences,  and  of  compression  complained  of  as  obscurity.  Many 
who  never  read  the  original,  and  who  would  have  been  repelled  by  its 
length  and  perplexing  details,  some  who  knew  nothing  at  all  antecedently 
of  its  character,  will  affect  a  sudden  critical  illumination,  and  with  an 
oracular  shrug  whisper  a  wish  that  it  had  been  spread  out  before  them 
entire. 

If  from  timidity,  or  want  of  entire  conviction  of  the  propriety  of 
undertaking  to  abridge  Mailer's  great  work  on  Physiology,  it  were 
deemed  necessary  to  invoke  the  sanction  of  authority,  the  editor  of  the 
present  volume  might  refer  to  one  eminent  teacher,*  who  advised  the 
measure,  and  to  anothert  who  gave  it  his  ready  approval.  The  editor, 
himself,  felt  assured,  from  an  experience  of  many  years  teaching  Phy- 
siology, as  part  of  and  in  connection  with  the  Institutes  of  Medicine, 
that  the  work  of  Muller  in  its  entireness,  however  admirably  calculated 
it  may  be  to  furnish  information  to  the  writer  and  lecturer,  is  not 
adapted  to  the  wants,  nor  can  it  come  within  the  requirements  of  the 
student  of  medicine.  It  is  a  vast  repertory  of  facts  and  opinions  in 
physiological  science,  but  it  bewilders  the  inexperienced  votary  by  its 
very  extent;  and  he  who  has  gone  over  it  without  halt  or  pause,  or, 
indeed,  at  all,  may  well  speak,  as  even  the  indefatigable  German  student 
himself  is  said  to  do,  of  his  having  performed  a  feat. 

*  Dr.  Homer.  f  Dr.  Jackson. 
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Vl  PBEFACE. 

In  arranging  the  volume  now  offered  to  American  readers,  from  the 
materials  furnished  in  Miiller^s  Elements  of  Physiology  ^  the  editor  has 
endeavoured  to  procure  reduction  in  size  of  this  latter,  without  any  ab- 
straction of  its  vitality  and  mind.  With  this  view  he  has  omitted,  for  the 
most  part,  mere  disquisitions,  many  details  of  experiments,  matters  of 
physics  and  natural  philosophy,  including  mechanics  under  the  head  of 
locomotion,  acoustics  and  the  theories  of  music  under  voice  and  hear- 
ing, and  of  optics  under  vision,— much  of  the  minutiae  of  comparative 
physiology,  and  metaphysics  or  metaphysico-physiology.  But,  while  ex- 
cluding details  on  collateral  topics,  the  editor  has  been  particularly  careful 
to  preserve  physiology  proper,  which,  resting  on  the  basis  of  histogeny 
and  general  anatomy,  derives  important  aid  from  organic  chemistry  and 
microscopical  observations,  and,  in  its  turn,  serves  to  illustrate  hygiene, 
pathology  and  liierapeutics.  Thus  aided  and  thus  applied,  in  the  man- 
ner exhibited  by  MuUer  himself,  physiology  will  invite  the  attention  of 
the  student  in  these  pages. 

'  It  will  soon  be  discovered  that,  although  this  volume  is  an  abridgement 
of  the  large  work  of  Miiller,  it  may  rightfully  claim  to  be  considered 
a  complete  system  of  physiology,  exceeding  in  copiousness  and  com- 
prehensive details,  any  other  work  on  the  same  subject,  which  has  yet 
emianated  from  the  London  press. 

Ample  apology  for  the  exclusion  of  topics  merely  collateral,  which 
are  taught  and  explained  in  separate  and  appropriate  works,  is  fur- 
nished by  the  author  himself,  as  indeed  by  other  physiologists  of  dis- 
tinction, in  his  purposely  omitting  to  describe  the  details  of  the  struc- 
ture of  each  organ.  He  very  properly  refers  the  student  for  these 
matters  to  books  of  special  anatomy.  With  still  greater  propriety 
should  a  similar  reference  be  made  when  questions  on  the  theories  of 
light  and  colours,  and  of  acoustics,  &c.  are  under  notice.  If  a  mode- 
rate acquaintance  with  chemistry  is  supposed  to  be  possessed  by  the 
student  of  Physiology,  ought  we  not  li  fortiori  to  presume  that  he 
is  not  ignorant  of,  or  at  least  can  soon  acquire,  a  sufficient  knowledge 
of  optics,  acoustics  and  mechanics,  to  follow  his  author  and  to  under- 
stand the  allusions  to  various  points  included  in  these  branches  of 
science? 

The  ];eduction  has  not  been  after  a  uniform  scale  or  rule  of  definite  pro- 
portion. In  some  parts  of  the  <  Elements,'  comparatively  little  abbrevia- 
tion has  been  attempted; — as  in  the  prolegomena  of  general  physiology, 
which  is  a  carefully  condensed  summary  of  the  subjects  embraced 
under  the  general  head,  and  does  not  admit,  without  obscurity,  of  any 
material  curtailment.  So,  likewise,  in  the  case  of  the  functions  of  organic 
life,  those  of  assimilation,  nutrition  and  decomposition,  much  of  the 
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copiousness  of  facts  and  illustrations  which  constitutes  so  distinguish-^ 
ing  a  merit  in  the  larger  work,  has  been  retained  in  the  abridge- 
ment. In  the  latter,  as  in  the  former,  the  student  will  find  those 
wonderful  revelations  in  histogeny  which  make  an  era  in  the  his- 
tory of  physiology,  and  which,  although  the  last  discovered,  must^ 
henceforth,  be  regarded  as  essential  preliminaries  to  future  descrip- 
tions of  tissues  and  organic  functions.  In  these  pages,  the  student 
will  become  acquainted  with  the  results  of  the  discoveries  and  ob- 
servations of  Schleiden,  Schwatm  and  Valentin  on  the  formation  of 
the  most  different  elementary  tissues  of  plants  and  animals,  by  the 
development  of  primitive  or  nucleated  cells  out  of  structureless  or 
unformed  gummy  and  mucous  substances, — and  of  Barry  and  others  on 
embryology,  showing  a  similar  development  of  various  tissues  and 
organs  from  the  ovum,  quickened  into  vital  activity  by  the  stimulus  of 
spermatozoa,  and  growing  by  the  evolution  from  and  addition  to  its  own 
primitive  one,  of  fresh  cells.  Similar  nucleated  cells  are  found  to  exist 
in  or  rather  to  make  up  the  globules  of  the  blood,  and  are  readily 
evolved  from  coagulated  fibrin;  proving  this  fluid  to  be,  conformably 
with  long  observation,  the  formative  and  vitalizing  one.  From  these 
facts,  in  perfect  harmony  with  each  other,  we  are  able  at  last  to  deduce 
a  general  theory  of  vegetation  and  organisation. 

So  important  are  the  new  views  of  histogeny,  that  it  has  been  thought 
advisable  to  transfer  the  chapter  containing  them  from  the  end  of  the 
large  work,  where  it  was  placed,  to  the  beginning  of  Special  Phy- 
siology in  the  present  volume.  In  natural  relation  to  the  subject  of  the 
original  formation  of  the  tissues,  is  that  of  their  regeneration  or  repro- 
duction, with  or  without  inflammation,  and,  on  this  account,  the  descrip- 
tion of  the  latter  is  removed  from  the  place  which  it  occupied  to  that 
immediately  following  histogeny.  Another  deviation  from  the  arrange- 
ment of  the  author  will  be  found  in  bringing  in  the  chapters  on  Diges- 
tion immediately  after  those  on  Respiration,  in  place  of  letting  them 
remain  after  Nutrition  and  Secretion;  and  in  making  the  chapters  on 
Secretion  precede  those  on  Nutrition  and  Growth,  rather  than  allow 
them  to  follow,  as  they  do  in  the  original.  The  progressive  order  of 
the  changes  to  which  aliment  is  subjected,  from  its  introduction  into 
the  stomach  to  its  conversion  into  blood,  and  the  consequent  metamor- 
phosis of  this  fluid  into  secretions  and  matters  for  nutritive  deposit 
and  the  growth  of  the  tissues,  are  exhibited  better  in  the  modified  than 
in  the  original  arrangement. 

A  few  notes  at  the  foot,  and  some  paragraphs  in  the  body,  of  the 
page,  have  been  added  by  the  editor,  who  did  not  feel  himself  free  to 
do  much  in  this  way,  when  his  office  was  to  abbreviate  and  arrange. 
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His  additions  are  designated  by  the  letter  (a).  More  numerous  and  im- 
portant are  the  additions  made  by  the  translator,  some  of  which  furnish 
corroborative  facts  and  references  to  the  text,  and  occasionally  qualify 
the  propositions  advanced  in  it.    Distinct  mention  has  not  always  been 

•  made  in  this  volume  of  the  contributions  of  Dr.  Baly,  nor  could  they, 
it  was  feared,  without  embarrassing  the  reader,  be  distinguished  in  this 
as  they  are  in  the  London  edition,  by  circumflex  marks,  [  ].  But  it 
would  be  ungrateful  to  let  the  occasion  pass  without  acknowledgments 
to  that  gentleman  for  the  good,  healthy  English  into  which,  for  the  most 
part,  he  has  rendered  the  German  original 

With  the  exceptions  just  stated,  not  only  his  manner  of  treating  the 
various  subjects,  but  the  language  of  the  author,  has  been  preserved 
throughout;  and  hence,  when  it  shall  be  discovered,  as  it  readily  may, 
by  a  comparison  of  the  contents  and  index  with  those  of  the  London 
edition,  that  there  is  scarcely  a  fact  or  proposition  in  human  physiology, 
and  none  of  either  applied  to  hygiene,  pathology  or  therapeutics,  in  the 
original  work,  as  translated  by  Dr.  Baly,  that  is  not  met  with  in  the 
present  volume,  it  will  not  be  considered  too  much  to  say,  that  this 
latter  contains  emphatically  Miiller's  << Elements  of  Physiology,"  with 
nearly  all  the  characteristics  which  give  it  value  in  the  eyes  of  the 
student.  So  earnest  has  been  the  desire  of  the  editor  to  complete 
in  a  suitable  manner  his  arrangement  of  the  work,  that  he  has  re- 
tained nearly  all  the  bibliography,  which  manifests  the  extensive 
reading  and  research,  as  well  as  love  of  accuracy,  of  the  author.  Not 
only  did  this  measure  seem  to  be  due  to  Miiller  himself,  but  also  to 
his  readers  in  this  country,  the  latter  of  whom  will  have  it  in  their  power, 
when  quoting  Muller,  to  repeat  his  references  to  ail  the  authors  on  every 
Jmljjig  question  in  physiology,  and  to  carry  out,  if  they  desire  it,  an 

/'•'•.^independent  course  of  inquiry  for  themselves. 
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PROLEGOMENA 


ON   GENERAL   PHYSIOLOGY. 


Physiology  is  the  science  which  treats  of  the  properties  of 
organic  bodies^  animal  and  vegetable,  of  the  phenomena  they 
present,  and  of  the  JawJSL-which  govern  their  actions.  Inorganic 
substances  are  the  objects  of  other  sciences, — physics  and  che- 
mistry. 

In  entering  upon  the  study  of  physiology,  the  first  point  to  be 
ascertained  regards  the  distinctions  between  these  two  great  classes 
of  bodies — the  organic  and  the  inorganic, — and  the  following  que&h 
tions  suggest  themselves  for  discussion: — Do  organic  and  inor-! 
ganic  substances  differ  in  their  material  composition?  and  if  the 
phenomena  presented  by  them  are  obviously  different,  are  the 
forces  or  principles  on  which  these  phenomena  depend,  also  dif- 
ferent; or  are  the  forces  which  give  rise  to  the  phenomena  of  the 
organic  kingdom  merely  modifications  of  those  which  produce 
physical  and  chemical  actions? 

1.    OF  ORGANIC  MATTER. 

Nothing  analogous  to  sensation,  nutrition,  or  generation,  is  ob- 
served in  inanimate  nature,  and  nevertheless  the  matter  which 
composes  organic  bodies  consists  of  precisely  the  same  elements  as 
inorganic  matter.  In  examining  the  composition  of  organic  bo- 
dies, it  is  true,  we  meet  with  substances — the  proximate  princi- 
ples, or  principes  immediats — which  are  peculiar  to  them,  and 
cannot  be  produced  artificially  by  any  chemical  process;  such  are 
fibrin,  albumen,  gelatin,  &c.  But  all  tliese  substances  may  be  re- 
duced by  chemical  analysis  to  the  same  simple  elements  which 
constitute  minerals.  Of  these  simple  substances,  all  entering  into 
the  composition  of  inorganic  bodies,  there  are  fifty-two.  In  or- 
ganic bodies  there  have  been  discovered  but  eighteen. 

The  elementary  substances  which  are  met  with  in  plants  are: — 

1.  Carbon,  i 

3.  Oxygen,  >  their  most  essential  components. 

3.  Hydrogen,  3 

4.  Nitrogen,  found  less  frequently. 

5.  Phosphorus,  t   .      .   principal ly  in  vegetable  albumen  and  gums,  especitDj  in 

6.  Sulphur,  \  the  tctradynamio,  combined  with  nitrogen. 

7.  Potassium,  .    almcutt  universally. 

8.  Sodium,  .      .    principally  in  marine  plants. 
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9.  Calcium,  .   almost  QDiversallj. 

10.  Alominiam,  .      .    rarely. 

11.  Siliciam, 

12.  Magnesium,  occorring  rarely. 

15.  Chlorine. 

16.  Iodine.  i  •        i     < 

1 7.  Bromine,       \  occurrmg  m  marme  plants. 

The  same  substances,  with  the  exception  of  aluminium,  are  met 
with  likewise  in  the  animal  kingdom.  Here  sodium  is  more  fre- 
quent, potassium  less  frequent  than  in  plants;  iodine  and  bromine 
occur  in  some  marine  animals. 

In  man  and  the  higher  animals  the  components  are: — 

1.  Oxygen, 

2.  Hydrogen, 

3.  Carbon, 

4.  Nitrogen, 

5.  Sulphur,  met  with  principally  in  the  hair,  albumen,  and  brain. 

6.  Phofiphorus,         ....      in  the  bones,  teeth,  and  brain. 

7.  Chlorine,       ^ 

8.  Fluorine,        | 

lalSlfut?'"'    !••.••      ia  the  teeth  and  bone.. 

11.  Calcium, 

13.  Magnesium, 

15.  Iron,  .      •  in  the  blood,  pigmentum  nigrum,  and  crystalline  lens. 

Copper  also  has  been  found  by  Meissner,  and  more  recently  by 
Sarzeau^  in  plants.  Beecher  asserts  that  he  has  found  gold  also 
in  the  ashes  of  tamarinds.t 

The  number  of  the  c/emcn/*  which  enter  into  their  composition, 
constitutes,  then,  the  first  difference  between  organic  and  inor- 
ganic bodies.  All  the  elementary  substances  found  in  the  inor- 
ganic kingdom  do  not  enter  into  the  composition  of  organic  bodies; 
and  some  are  even  inimical  to  their  life. 
-^  TTie  mode  in  which  the  elements  are  combined  forms  a  second 
Vlistinguishing  character;  and  the  peculiarity  of  organic  matter 
depends  probably  on  the  following  circumstances^  first  pointed  out 
by  Berzelius  and  FQurc^ox^— 

1.  In  mineral  substances  the  elements  are  always  combined  in  a 
binary  manner;  thus,  two  elementary  substances  unite  together, 
and  this  binary  compound  unites  again  with  another  simple  sub- 
stance, or  with  another  binary  compound.  For  example,  carbo- 
nate of  ammonia  is  constituted  of  carbon^  oxygen^  hydrogen^  and 
nitrogen^  combined  as  follows: — 

Oxyge"n.        (  ^'''''^  ^"^  ^°""  '*'^°'''  ^'''^'     I  which  again  unite  to  form  carbonate 
Hydrogen,    l  .mninnU.  i  of  ammonia. 

Piitrogen,      \ 


ammonia, 


*  Ann.  de  Cbem.  et  de  Physique,  xliv.  334. 

t  Tiedemann's  Physiology,  translated,  with  notes,  by  Dra.  James  Manby 
GuUey,  and  J.  Hunter  Lane,  p.  6. 
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I  In  minerals  the  elementary  substances  are  never  observed  to 
combine  three  or  four  together^  so  as  to  form  a  compound  in  which 
each  element  is  equally  united  with  all  the  others.  This,  however, 
is  the  case  in  organic  bodies.  Oxygen,  hydrogen^  carbon,  and 
nitrogen,  the  same  elements  which  by  binary  combination  formed 
inorganic  substances,  unite  together^  each  with  all  the  others,  and 
form  the  peculiar  proximate  principles  of  organic  beings.  These 
compounds  are  termed  teijmry,  or  quaternary,  according  to  the 
number  of  elements  composing  thenh  Vegetable  mucus,  starch, 
and  adipose  matter  are  ternary  compounds  of  oxygen,  carbon,  and 
hydrogen:  gum,  albumen,  fibrin,  animal  mucus,  and  resin  are  qua- 
ternary compounds,  their  fourth  ingredient  being  nitrogen.^a) 

A  doubt  has  recently  been  thrown  upon  this  theory  of  tne  com- 
position of  organic  substances;  but  there  is  still  great  probability  in 
its  favour,  more  particularly  with  reference  to  the  higher  organic 
compounds,  such  as  albumen,  fibrin,  &c.  Though  it  is  certainly 
true  that  there  are  products  formed  from  organic  matter,  which 
have  a  binary  constitution;  such,  for  example,  is  alcohol^  which  is 
a  compound  of  ether  and  water. 

I  It  must  at  any  rate,  however,  be  admitted,  that  the  mode  in 
which  the  ultimate  elements  are  combined  in  organic  bodies,  as 
well  as  the  energies  by  which  the  combination  is  effected,  are  very 
peculiar;  for,  although  they  may  be  reduced  by  analysis  to  their 
ultimate  elements,  they  cannot  be  regenerated  by  any  chemical 
process.  Berard,  Proust,  Dobereiner,  and  Hatchett  believe,  indeed, 
that  they  have  succeeded  in  producing  organic  compounds  by  artifi- 
cial processes;  but  their  results  have  not  been  sufficiently  confirmed. 
Wgfehley^s  experiments  afford  the  only  trustworthy  instances  of  the 
amncial  formation  of  these  substances;  as  in  his  procuring  urea  and 
oxalic  acid  artificially.  Urea,  however,  can  be  scarcely  considered 
as  organic  matter^  being  rather  an  excretion  than  a  component  of 
the  animal  body.  In  the  mode  of  combination  of  its  elements  it 
has  not  perhaps  the  characteristic  properties  of  organic  products. 

2.  Another  essential  distinction  pointed  out  by  Berzelius  is,  that 
in  organic  products  the  combining  proportions  of  their  elements  do 
not  obsetye  Ji  siinp^ljgarithiQeUcal  ratio.  Thus,  for  example,  among 
the  large  number  of  different  tatty  matters  which  Chevreul  has 

(a)  Tt  is  now  ascertained  that  albumen,  fibrin  and  casein,  aUhou(|rh  they  diflTer 
in  external  character,  contain  exactly  the  same  proportion  of  orgranic  elements. 
Each  of  them  famishes  by  solution  in  caustic  potash  and,  after  decomposition  has 
begun,  by  subsequent  precipitation  by  acetic  acid  a  gelatinous  translucent  pre- 
cipitate. This  has  exactly  the  same  characters  and  composition,  from  whichever 
01  the  above  three  substances  above  mentioned  it  has  been  obtained.  It  has  been 
called  by  Mulder,  its  discoverer^pco^'ym,  who  foifdd  that  it  contains  the  same 
organic  elements,  and  exactly  in  the  same  proportion,  as  the  animal  matters  froj^ 
which  it  is  prepared.  Mulder  further  ascertained,  that  the  insoluble  nitrogen- 
ized  constituent  of  wheat  flour  (vegetable  fibrin)  when  treated  with  potash,  yields 
the  very  same  product,  proteine;  and  it  has  recently  been  proved  that  vegetable 
albumen  and  casein  are  acted  on  by  potash  precisely  as  animal  albumen  and 
casein  are. — Liebig^Jinimal  ChenUttry. 
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examined,  many,  according  to  bis  experiments,  differ  only  by 
fractional  parts  in  the  numerical  proportions  of  their  atoms. 

3.  Organic  bodies,  animal  and  vegetable,  consist  chiefly  of  com- 
bnstible  matter,  which,  except  in  the  acids,  is  constituted  of  carbon 
and  hiydrogen,  combined  with  oxygen  in  quantity  not  sufficient  to 
satiM^te  the  other  elements.* 

\/rheir  tendency  to  decomposition. — ^The  matter  forming  organic 
bodies  has  a  constant  tendency  to  undergo  decomposition;  it  is 
only  the  continuance  of  life  which  preserves  it:  even  during  life 
the  balance  which  maintains  its  elements  in  their  peculiar  combi- 
nation, may  be  destroyed  by  the  agency  of  certain  simple  inorganic 
bodies,  or  binary  compounds  of  these,  as  we  witness  in  the  cauteri- 
sation of  parts  of  the  living  body.  At  some  period  or  other,  ^his 
change  necessarily  ensues  spontaneously  in  every  living  being;  the 
state  or  influence  which  maintains  the  elements  in  their  peculiar 
combinations  becomes  more  and  more  feeble,  and  is,  at  length,  no 
longer  able  to  counteract  the  tendency  of  these  elements  to  form 
binary  compounds  among  themselves  and  with  other  simple  sub- 
stances in  the  atmosphere  around  thenL  Organic  matter  is  thus 
annihilated,  and  with  it  the  organized  being  of  which  it  formed 
part  In  ceasing  to  present  the  phenomena  of  life,  it  falls  under 
the  influence  of  the  laws  which  govern  the  formation  of  chemical 
compounds;  presenting  the  phenomena  of  fermentation  and  putre- 
faction, and  giving  origin  to  a  foul  smell  when  the  substance  con- 
tained much  nitrogen.  'Chemical  compounds,  we  know,aje  regu- 
lated by  the  intrinsic  properties  and  the  elective  affinity  of  the 
substances  uniting  to  form  them;  in  orgaiiic  bodies,  on  the  contrary, 
the  power  which  induces  and  maintains  the  combination  of  their 
elements  does  not  consist  in  the  intrinsic  properties  of  these  elements, 
bnt  something  else,  which  not  only  counteracts  their  afiinities,  but 
effects  combinations  conformably  to  laws  of  its  own  operation. 
Light,  heat,  and  electricity,  it  is  true,  influence  the  compositions 
and  decompositions  going  on  in  organic  bodies;  as  they  do  those  in 
inorganic  bodies;  but  nothing  justifies  us  in  regarding,  without  fur- 
ther inquiry,  any  one  of  the  imponderables, — heat,  light,  and  elec- 
tricity,— as  the  ultimate  cause  of  vital  actions. 

After  the  cessation  of  life,  organic  substances  always  undergo 
decomposition,  if  the  conditions  necessary  for  the  exertion  of 
chemical  affinity  are  present.  The  products  of  this  decomposition 
are  nitrogen  and  hydrogen,  (which  partly  escape  in  a  free  state,) 
water,  carbonic  acid,  carburetted  hydrogen,  defiant  gas,  ammonia, 
cyanogen,  prussic  acid,  phosphuretted  hydrogen,  and  hydrosul- 
phuric  acid;  while  in  some  cases  the  elements  reunite  in  different 
proportions  so  as  to  form  a  new  organic  compound,  as  in  the  pro- 
duction of  sugar  from  starch  in   the  saccharine  fermentation. 


of  orgpsob  matter  will  be  found  more  fullj 
I  Gaidiii,  in  their  elassical  text-books  of  cbemidtr7,and 
MsB  of  Hiklebftiidi's  Aoatooiie  des  Menscben,  toL  i. 
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Sometimes  from  one  organic  substance  t\ro  new  compounds  are 
generated, — one  oi^anic,  the  other  inorganic, — as  in  vinous  fer- 
mentation, during  which  carbonic  acid  and  alcohol  are  formed  from 
sugar.  Decomposition  does  not  commence  in  the  bodies  of  animals 
and  plants  immediately  after  their  death.  This  Omelin  explains, 
by  supposing  that  the  conditions  necessary  for  the  exertion  of  elec- 
tive affinity  are  not  then  present,  just  as  several  inorganic  sub- 
stances require  a  certain  temperature  for  their  decomposition.* 

(The  conditions  more  or  less  necessary  for  the  spontaneous  de- 
composition of  organic  matter)  are  moisture,  the  access  of  atmo- 
spheric air,  and  a  certain  temperature.  The  first  is  absolutely 
necessary:  organic  substances  when  perfectly  dry,  do  not  undergo 
decomposition  at  the  ordinary  temperature  of  the  atmosphere. 
Air  is  also  often  necessary,  but  not  always:  moist  animal  tissues 
suffer  decomposition  even  when  atmospheric  air  is  excluded,  (for 
example,  by  immersion  in  fluid  mercury,)  although  the  presence 
of  air  facilitates  putrefaction  in  the  highest  degree,  even  more  than 
oxygen  alone.    A  certain  temperature  is  always  necessary. 

The  gaseous  products  of  the  decomposition  of  animal  matter, 
and  of  the  human  body  in  particular,  are  carbonic  acid,  some- 
times nitrogen,  hydrogen,  sulphuretted  hydrogen,  phosphuretted 
hydrogen,  and  ammonia.  Acetic  acid  is  also  formed,  and  some- 
times nitric  acid.  The  solid  matter  that  remains,  consists  of  the 
carbonaceous  substances,  which  decompose  more  slowly,  and  of 
the  fixed  mineral  ingredients,  earths,  oxides,  and  salts,  which  with 
the  carbonaceous  substances  form  the  soil  (humus.)^  Several  parts 
of  the  bodies  of  man  and  animals  immersM^  in  Water,  or  buried  in 
certain  situations,  even  without  the  access  of  water,  undergo  a 
peculiar  change  in  their  being  converted  into  a  substance,  named 
adipocire.  Berzelius  is  of  opinion,  that  the  fibrin,  albumen,  and 
colouring  matter  of  the  blood,  as  well  as  the  adipose  matter,  may 
be  converted  into  this  substance;  while  Gay  Lussac  and  Chevreul 
state  that  the  fat,  which  can  be  extracted  from  fresh  animal  tex- 
tures by  chemical  processes,  equals  in  quantity  the  adipocire  gene- 
rated by  putrefaction  in  water,  and  they  infer,  therefore,  that  the 
fat  merely  is  converted  into  adipocire,  while  the  other  tissues  are 
destroyed. 

State  in  which  mineral  components  exist  in  organic  bodies. 
— The  proportions  in  which  the  oxygen,  hydrogen,  carbon,  and 
nitrogen  are  combined,  seem  to  constitute  the  chief  differences  in 
the  composition  of  organic  substances.  The  organic  compounds 
of  these  elements  especially,  are  ternary  and  quaternary,  not 
binary.  In  what  state  the  less  abundant  mineral  ingredients  exist 
in  organic  bodies, — whether  they  likewise  enter  into  the  forma- 
tion of  ternary  or  quaternary  compounds,  or  are  merely  mingled 
with  them  in  the  binary  form, — is  an  important  question  which 

*  Gmelin,  Chemie,  vol.  iii.  p.  9.  ^Sw  Weber,  loe.  eit.  vol.  i.  p.  70. 
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cannot  at  present  be  determined.  Englehardt  has  ascertained 
.that  the  mineral  ingredients  can  be  separated  from  a  watery  solu- 
tion of  the  colouring  matter  of  the  blood,  and  other  animal  mat- 
ters, by  means  of  chlorine.  From  this  fact,  and  from  the  iron  not 
being  extracted  by  acids,  Berzelius  infers  it  to  be  probable  that  the 
iron  in  the  blood  is  in  the  metallic  state^  not  in  that  of  oxide;  as 
chlorine  has  a  very  strong  affinity  for  metals,  and  not  for  oxides, 
for  which  acids  on  the  other  hand  have  a  great  affinity.  Professor 
lienry  Rose  adduced  some  experiments  which  seemed  to  show 
that  the  iron  was  combined  as  an  oxide  with  the  animal  mattei:, 
for  instance,  as  an  albuminate  of  the  oxide;  but  Berzelius  rejects 
this  idea,  for  in  that  case  the  oxide  ought  to  be  extracted  by  acids 
from  the  blood  as  it  is  from  artificially  formed  albuminate  of  irop. 
For  further  particulars  on  this  point  the  reader  is  referred  to  the 
section  on  the  Chemical  Analysis  of  the  Blood. 

Berzelius  cannot  decide  in  what  form  sulphur  and  phosphorus 
exist  in  animals;  whether  united  with  other  simple  substances  iQ, 
multiple  organic  compounds,  or  combined  with  the  ternary  com- 
pounds of  other  simple  substances  so  as  to  form  secondary  binary 
compounds,  or  whether  each  of  these  substances,  already  in  a 
binary  form,  is  again  combined  with  other  substances.  Vauquelin, 
.by  burning  the  fatty  matter  of  the  brain,  obtained  a  cindery  mass, 
which  contained  so  much  phosphoric  acid,  that  this  latter  sub- 
^stance  by  preventing  the  access  of  air  arrested  the  combustion;  on 
removing  the  phosphoric  acid  by  means  of  water,  the  mass  again 
burned  for  a  time,  until  more  acid  was  formed  upon  the  surface. 
This  cinder,  therefore,  says  Berzelius,*  must  contain  phosphorus 
in  a  fixed,  not  volatile  state^ — in  a  state  hitherto  unknown  in  inor- 
ganic nature. 

Many  circumstances,  however,  render  it  probable  that  several 
mineral  substances  exist  in  the  animal  body,  in  the  binary  form,  as 
salts  or  oxides,  either  mixed  or  chemically  combined  with  the 
.animal  matter.  These  circumstances  are: — 1,  the  appearance  of 
juinute  microscopic  crystals  in  the  animal  fluids  simply  evaporated; 
9.  the  proneness  of  the  mineral  substances  contained  in  vegetable 
tissues  to  vary  with  the  situation  of  the  plants,  which  could  not  be 
the  case  if  the  mineral  elements  existed  in  them  merely  as  elements 
of  the  organic  compounds;  3.  the  facility  with  which  salts,  entering 
the  blood  accidentally,  are  Separated  from  it  with  the  urine;  4. 
that  chlorine  of  sodium  can,  as  Autenrieth  remarks,  be  separated 
from  solid  animal  matter  by  mere  washing;  5.  the  state  of  the 
phosphate  of  lime  in  the  bones.  Professor  E.  H.  Weber  showp 
dearly,  that  the  phosphate  of  lime  of  the  bones  does  not  exist  in 
them  as  phosphorus,  oxygen,  and  calcium;  but  that  it  is  in  the  state 
ofas^lt  combined— perhaps  only  mechanically  mixed — with  the 
cartilaginous  substance,  since  madder  (rubia  tinctorum)^  which 
has  a  strong  affinity  for  phosphate  of  lime,  but  none  for  lime  or 

^  Thkrchemie,  p.  17» 
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calciiim,  is  attracted,  during  the  process  of  nutrition,  by  the  bones 
from  the  blood  of  an  animal  fed  upon  it.  Moreover,  seyeral  acids 
decompose  the  salt  of  lime  contained  in  the  bones,  and  extract  it 
without  altering  the  form  or  composition  of  the  cartilaginous 
fomework.* 

Excluding  from  consideration  the  substances  which  in  individual 
cases  may  be  the  educt  or  product  of  chemical  analysis,  we  may, 
with  Professor  Weber,  recognise  two  classes  of  binary  compounds, 
as  forming  part  of  the  animal,  and  more  particularly  of  the  human 
body. 

The  first  class  consists  of  binary  compounds  of  mineral  sub- 
stances only;  such  as  phosphate  of  soda,  phosphate  of  lime,  phos- 
phate of  magnesia,  carbonate  of  soda,  carbonate  of  lime,  muriate 
of  potash,  muriate  of  soda,  fluoride  of  calcium,  silica,  oxide  of 
manganese,  oxide  of  iron,  and  sod^. 

Jn  the  second  class  are  included  binary  compounds  of  organic 
with  mineral  or  inorganic  substances;  such  as  the  compound 
which  the  albumen  is  supposed  to  form  with  soda  in  the  blood — 
albuminate  of  soda — and  the  salts  of  lactic  acid^— lactates  of  potash 
and  soda. 

The  simplest  Jbrma  in  to^icfi  organic  matter  appears,  are  now 
to  be  considered. 

The  first  form  is  that  of  complete  solution.  There  are  many 
fluids  containing  organic  matter,  in  which  no  visible  molecules  can 
be  discovered;  such,  for  instance,  is  the  serum  of  blood  until  it  is 
subjected  to  the  influence  of  beat,  galvanism^  or  different  chemical 
agents.  A  part  of  the  animal  matter  of  the  lymph  and  chyle  is 
also  in  the  state  of  solution. 

The  second  form  is  the  state  of  softness  which  the  solid  organised 
tissues  present,  and  which  is  peculiar  to  organic  beinj^.  The  tis- 
sues derive  their  properties  of  extensibility  and  flexibility  from  the 
water,  which  constitutes  four-fifths  of  their  weight;  although  they 
cannot  be  said  to  be  wet,  and  do  not  impart  their  water  to  otheir 
substances  so  as  to  moisten  them.  This  water,  as  Berzelius  re- 
marks, appears  not  to  be  chemically  combined  in  them;  for  it  is 
gradually  given  off  by  evaporation,  and  c^n  be  extracted  at  once 
by  strong  pressure  between  blotting-paper.  Whea  deprived  of  its 
water,  animal  matter  becomes  wholly  insusceptible  of  vitality; 
except  in  the  case  of  some  oif  the  lower  animals,  which,  as  well  as 
some  plants,  revive  when  again  moistened.t  According  to  Chev- 
reul,  pure  water  alone  can  reduce  organized  substances  to  this  state 
of  softness;  although  salt  water,  alcohol,  ether,  and  oil  are  also 
imbibed  by  dry  animal  textures.  Moist  animal  tissues,  by  virtue 
of  their  porosity,  allow  soluble  matters,  which  come  into  contact 
with  them,  to  be  dissolved  by  the  water  which  they  contain,  and 
which  fills  their  pores;  if  the  matters  are  already  in  solution,  they 

^  Weber,  loc.  cit  p.  318, 340.  f  Bersetios,  Thierohemie,  p.  7« 
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are  imparted  by  their  solutions  to  the  water  of  the  tissues.  Gase- 
ous substances  are  taken  up  in  the  same  way.  Matters,  also, 
which  are  contained  in  solution  in  one  tissue,  are  rapidly  imparted 
to  other  tissues  which  can  dissolve  them.  The  laws  of  the  attrac- 
tion of  substances  in  solution,  the  laws  governing  the  uniform  dis- 
tribution of  miscible  fluids,  are  therefore  also  applicable  in  the  case 
of  moist  animal  tissues.* 

Organic  substances  are,  during  life,  never  crystallised,  and  the 
excreted  matters  of  animals  which  are  crystallizable,  viz.  urea,  lithic 
acid,  and  some  fatty  matters,  are  never  found  crystallized  in  the 
living  tissues,  except  in  their  diseased  states,  although  crystallized 
mineral  substances  are  sometimes  observed  in  the  cells  of  plants. 

The  organic  matter  frequently  appears  in  the  form  of  micro- 
scopic molecules.  These  organic  molecules  are  observed  some- 
times in  fluids:  such  are  the  red  particles  of  the  blood  which  in 

man  measure  from  ^Vir  ^  ttW  ^^  ^^  ^"^^^  ^^^  globules  of  the 
chyle  which  measure  j^  of  an  inch,  according  to  Prevost  and 
Dumas;  and  those  of  the  saliva,  which  measure  ^fj^  ^^  ^^  i^^^h, 
according  to  Weber.  The  small  bodies  contained  in  the  chyle, 
milk,  and  bile,  are  globular;  those  of  the  blood  are,  in  mammalia, 
round,  but  flattened;  and  in  birds,  reptiles,  amphibia,  and  fishes, 
oval  as  well  as  flattened.  The  blood  corpuscules  always  consist  of 
a  nucleus  inclosed  in  an  outer  envelope.  The  globules  of  coagu- 
lated albumen  and  fibrin  are  less  distinct.  Many  of  the  tissues 
even  of  organized  bodies,  particularly  of  animals,  appear  to  con- 
sist of  molecules  aggregated  in  the  form  of  fibres,  lamellae,  and 
membranes.  These  molecules  are  most  distinct  in  the  brain,  and 
in  the  embryo,  for  instance,  in  the  germinal  membrane  of  the 
ovum;  in  other  tissues,  it  is  by  no  means  certain  that  the  appear- 
ance of  molecules,  observed  under  the  microscope,  is  not  an  illusion 
produced  merely  by  inequalities  of  the  surface.  The  opaque  part 
of  the  germinal  membrane  in  the  ovum  of  the  bird  is  evidently 
composed  of  globules  of  considerable  size,  which  are  visible  with 
a  simple  lens,  and  are  perfectly  similar  to  the  globules  of  the  yolk; 
but  even  the  vessels  which  are  distributed  through  the  germinal 
membrane  are,  according  to  my  observations,  formed  of  an  incom- 
parably finer  matter;  as  are  also  the  central  transparent  part  of  the 
germinal  inembrane,  the  area  pellucida^  and  the  embryo  itself.  It 
appears,  indeed,  that  the  germinal  membrane  is  formed  by  the 
attraction  and  aggregation  of  the  globules  of  the  yolk;  but  sdl  the 
parts  developed  in  this  germinal  membrane  are  produced  by  solu- 
tion of  these  globules,  and  conversion  of  them  into  a  matter  in 
which  no  elementary  particles  can  be  distinctly  recognised,  and  of 
which  the  molecules  must,  at  any  rate,  be  beyond  comparison  more 
minute  than  the  globules  of  the  yolk  and  germinal  membrane. 
The  ultimate  muscular  fibre  in  the  frog  is  from  five  to  eight 

*  See  the  obserTationt  on  imbibition  in  the  Section  on  Absorption  by  the 
capillaries. 
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times  more  minute  than  the  red  particles  of  its  bloody  and  more 
minute  even  than  the  nuclei  of  these  red  particles;  the  thickness 
of  the  muscular  fibre  in  the  frog  and  in  Mammalia  is  nearly  the 
same,  while  the  size  of  the  red  particles  of  the  blood  in  the  two  is 
very  different.  The  diameter  of  the  ultimate  nervous  fibre  in 
Mammalia  is,  according  to  my  observation,  twice  or  three  times 
less  than  that  of  their  blood  corpuscules,  and  is  greater  than  that 
of  the  nuclei  of  the  blood  corpuscules.  In  the  frog,  the  primitive 
nervous  fibre  has  only  ith  the  diameter  of  its  blood  corpuscules, 
and  is  therefore  much  smaller  than  the  nucleus  of  the  blood  cor- 
puscule.  I  have  not  been  able  to  satisfy  myself  that  the  nervous 
fibrils  consist  of  globules  arranged  in  a  linear  form.  They  cer- 
tainly [present  successive  inequalities,  but  these  inequalities  are  v^ 
not  regtilar.  In  fine,  this  theory  of  the  composition  of  tissues  by 
the  aggregation  of  globules,  which  are  supposed  to  be  more  than 
T^  of  a  line  in  diameter,  is  rendered  exceedingly  improbable  by  . 
the  discovery  of  Ehrenberg,  that  monads,  which  themselves  io  not 
measure  more  than  j^  of  a  line,  have  compound  organs.  J  On 
account  of  the  difficulty  of  distinguishing  by  the  microscope  be- 
tween inequalities  and  globules,  this  theory  still  remains  a  mere 
hypothesis.  At  any  rate,  the  organic  molecules  are  merely  the 
most  minute  forms  in  which  the  compound  organic  matter  ap- 

gears;  they  are  not  the  atoms  of  the  organic  combination.  The 
ypothesis  that  all  the  tissues  of  the  animal  body  are,  in  their  per- 
fect state,  composed  of  globules  aggregated  together  in  differen,t 
forms,  is  now  known  to  be  wholly  incorrect.  The  nervous  fibres, 
for  instance^  are  delicate  tubes  x)f  perfectly  smooth  and  homo- 
g^jD.QfiUS  atructurerenciosing  a  £ne  granular  substance.  The  cel- 
lular tissue,  when  perfectly  developed,  consists  of  smooth  cylin- 
drical fibres.  Th.Q.  interestiqg  discovery  has  been  made,  however, 
that  most  probably  all  tissues  are  originally  developed  from  bodies 
of  similar  form,  the  primary  or  formative  cells,  as  will  be  ex- 
plained hereafter. 

Source  qf  organic  matter. — It  is  only  in  organic  bodies  them- 
selves that  the  peculiar  force  which  animates  them  is  observed. 
It  is  manifested  only  in  the  organic  compounds  produced  in  these 
bodies;  the  mere  accidental  coming  together  of  the  elementary  com- 
ponents is  not  capable  of  producing  organic  matter.  Fray,  it  is  true, 
asserts  that  he  has  observed  the  formation  of  microscopic  Infusoria 
in  pure  water;  and  Gruitbuisen  says,  that  he  has  seen  a  gelatinous 
membrane  form  in  infusions  of  granite,  chalk,  and  marble,  and  in- 
fusory  animalcules  subsequently  appear  in  this  membrane.  The 
fact  observed  by  Retziu?*  is  also  remarkable;  namely,  that  a  pe- 
culiar kind  of  Conferva  was  generated  in  a  solution  of  muriate  of 
baryta  in  distilled  water,  which  had  been  kept  half  a  year  in  a 
bottle  closed  with  a  glass  stopper.   But,  in  these  remarkable  cases, 

*  Frariep's  Notizen,  v.  66. 
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it  is  certain  that  either  the  vessels,  or  the  water,  contained  organic 
matter,  however  small  may  have  been  the  quantity;  and,  according 
to  the  experiments  of  Schultze,  the  most  minute  particles  of  organic 
matter  in  the  form  of  dust  are  sufficient,  under  favourable  circum- 
stances, to  produce  the  phenomena  which  have  been  regarded  as 
instances  of  equivocal  generation. 

Even  animals  themselves  have  not  the  power  of  generating 
organic  matter  out  of  simple  inorganic  elements  or  binary  com- 
pounds, but  grow  by  the  assumption  of  matter  already  organized, 
whether  animal  or  vegetable; — they  have  the  power  of  preserving 
organic  compounds  and  of  converting  one  into  another,  but  they 
cannot  produce  them.  ..Plants,  on  the  contrary,  seem  to  be  able 
not  merely  to  assimilate  the  organic  matter  of  animals  and  vege- 
tables; but  also  to  generate  it  from  simple  elementary  bodies  and 
their  compounds,  such  as  carbonii'  acid  and  water,  although  the 
presence  of  some  organic  matter  in  the  soil  in  which  plants  grow, 
/  is  necessary.  It  seems  impossible  to  deny  this  production,  by  plants, 
of  organic  matter  from  inorganic  compounds;  for,  unless  such 
were  the  case,  the  nutriment  on  the  earth  would  be  constantly  de- 
creasing in  quantity,  since  animal  and  vegetable  matters  are  being 
incessantly  converted  by  combustion,  putrefaction,  &c.  into  binary 
compounds.' 

The  organic  matter  formed  by  plants,  or  that  contained  in  plants 
and  animals,  and  modified  by  them,  is  capable  of  again  forming  a 
part  of  other  living  beings,  when  taken  into  them  and  subjected  to 
their  vital  forces.  In  this  manner  all  the  organic  matter  which  is 
spread  over  the  surface  of  the  earth,  originates  in  living  beings. 
Death,  that  is,  the  extinction  of  the  power  which  produces  and 
maintains  organic  compounds,  annihilates  the  individual;  while 
the  organic  matter  which  formed  this  individual,  as  long  as  it  is 
not  reduced  to  bipary  compounds,  is  still  capable  of  receiving  new 
life,  or,  in  other  words,  of  nourishing  other  living  bodies. 

Equivocal  generation. — The  ordinary  mode  of  production  of 
organic  beings  is  from  others  of  the  same  species,  by  ova  or  shoots. 
But  we  must^  inquire,  whether  the  organic  matter  left  after  the 
destruction  of  one  living  body  can,  under  certain  circumstances, 
generate  living  bodies  of  another  kind;  whether  it  is  capable,  not 
only  of  nourishing  bodies  already  living,  but  also  of  continuing  its 
own  life  in  a  modified  form;  whether,  in  fact,  under  certain  con- 
ditions,— namely,  under  the  influence  of  atmospheric  air,  water 
and  light, — small  microscopic  animals,  the  Infusoria,  and  under 
other  conditions  the  simplest  plants,  forming  mould,  are  generated 
from  this  apparently  dead  organic  matter. 

In  a  more  extended  sense  the  ancients,  especially  Aristotle,  had 
admitted  this  equivocal  generation,  this  spontaneous  formation  of 
animals;  for  they  had  an  old  tradition,  that  the  lower  animals,  in- 
sects and  worms,  were  generated  during  putrefaction.  This  opinion 
was  still  maintained  among  the  other  superstitions  of  natural  his- 
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tory  and  medicine  even  in  the  seventeenth  century.  At  that  period 
Redi  wrote  his  ^  Experimenta  circa  Generationem  Instctorumy^ 
in  which  he  proved  that  all  the  instances  of  equivocal  generation, 
which  the  older  writers  had  adduced,  were  erroneous;  that  all  these 
worms  and  insects  were  produced  from  ova  which  had  been  pre- 
viously deposited.  His  proofs  were  convincing,  and  from  that 
time  no  well-informed  naturalist  believed  in  the  fable  of  generation 
by  putrefaction;  so  that  the  proverb  "  Omne  vivum  ex  ovoj^  re- 
tained its  force.  Subsequently,  however,  Needham*  pointed  out, 
that  although  no  insects  are  produced  by  putrefaction,  yet  that, 
during  that  process,  minute  microscopic  animals,  till  then  unknown, 
are  generated.  If  water  is  poured  over  animal  or  vegetable  sub- 
stances, and  the  infusion  exposed  to  air  and  light  at  the  usual  tem- 
perature of  summer,  after  a  few  days  the  organic  matter  will  have 
undergone  partial  decomposition,  being  in  part  converted  into 
other  organic  matters,  partly  reduced  to  globules,  and  in  part  dis- 
solved; and  there  will  appear  in  it  either  mould,  or  those  micro- 
scopic animals,  in  which  Ehrenberg  has  discovered  a  very  compli- 
cated organization. 

Since  the  time  of  Needham,  our  knowledge  of  this  subject  has 
been  extended  by  the  observations  of  Wrisberg,  0.  F.  MuUer, 
Ingenhouss,  G.  R.  Treviranus,  Gruithuisen,  and  Schultze. 

If  we  criticise  the  observations  of  these  writers,  we  shall  find 
that  the  mode  in  which  their  experiments  have  been  performed  do 
not  leave  the  results  in  favour  of  equivocal  generation  free  from 
doubt.  In  the  various  experiments  which  they  have  made,  it  is 
not  certain:  1.  That  the  Infusoria  or  mould  did  not  arise  from  the 
dust  of  desiccated  animalcules,  or  their  germs,  floating  in  the  air: 
2.  That  the  water  may  not  have  contained  the  ova  of  Infusoria,  or 
animalcules  themselves,  which  have  afterwards  multiplied  rapidly 
at  the  expense  of  the  organic  matter  in  the  Infusoria:  3.  That  these 
ova  and  animalcules  have  been  in  some  way  contained  in  the 
organic  substances  and  distilled  water,  or  even  freshly  prepared 
gases  used  in  the  experiments. 

Lastly,  although  some  experimenters  should  have  employed 
organic  substances  long  boiled,  with  distilled  water  and  artificially 
prepared  air  at  the  same  time,  still  the  accuracy  necessary  for  a 
sure  result  is  neither  probable  nor  generally  possible;  since  every 
instrument  used  for  changing  the  water  ought  to  be  absolutely  free 
from  particles  of  organic  matter,  and  every  cleansing  is  a  source  of 
errors. 

Ekrenberg's  observations  are  opposed  to  the  theory. — ^The  fore- 
going remarks  do  not  disprove  the  existence  of  equivocal  genera- 
tion; they  merely  show  that  it  is  scarcely  possible  to  prove  it  by 
direct  experiment.    The  investigations  of  Ehrenberg,  however, 

*  NoaT.  Obsenr.  Microscop.  and  **  New  Microscopic  Discoveries,**  London, 
1745. 
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Relative  to  the  organization  of  those  animals  and  plants,  which  are 
supposed  to  be  generated  in  this  <<  equivocal''  manner,  have  thrown 
new  doubt  upon  the  theory.  In  the  first  place,  Ehrenberg  disco-* 
vered  the  real  germs  of  the  fungi  and  algae,  or  mould.*  The 
propagation  of  these  organic  bodies  was  thus  established;  it  was 
shown  that,  by  means  of  the  germs  or  seeds  of  the  mould,  new 
mould  can  be  produced,  which  rendered  it  probable  that  the  cases 
of  the  unexpected  production  of  mould  arose  merely  from  germs, 
which  had  been  diffused  in  the  atmosphere  or  water,  having  then 
found  the  situation  required  for  their  development.  With  regard 
to  the  infusory  animalcules,  their  complicated  structure  was  first 
discovered  by  Ehrenberg;  he  found  that  the  smallest  monad  ^^^ 
of  a  line  in  diameter  has  a  complicated  stomach,  and  organs  of 
motion,  in  the  form  of  cilia.  In  others  he  observed  the  ova,  and 
the  propagation  by  ova.  This  excited  the  greatest  doubt  with 
regard  to  those  earlier  observations,  in  which,  the  complicated 
structure  of  these  animalcules  being  unknown,  they  were  said  to 
have  been  seen  to  originate  in  particles  of  the  organic  substance  of 
the  infusion.  ( Ehrenberg  has  never  succeeded  in  obtaining  deter* 
minate  forms  of  Infusoria,  according  to  the  nature  of  the  infusion; 
^  and  even  by  the  most  similar  modes  of  performing  the  experiment! 
sometimes  one,  sometimes  another  set  of  animalcules  were  obtained?) 
He  believes  that  there  ^re  certain  forms,  of  which  the  number  is 
limited,  which  are  most  widely  diffused;  that  the  ova  or  indivi- 
duals of  these  forms  may  exist  in  all  waters,  even  in  some  parts  of 
plants,  but  perhaps  only  in  the  noxious  parts;  and  that,  of  these 
forms,  different  kinds  may  be  much  multiplied,  according  to  the 
kinds  of  ova  or  individuals  which  were  in  the  water,  or  were 
introduced  into  it  The  increase  of  these  animals  appears  to  be 
extraordinarily  rapid.  A  single  wheel-animalcule,  Hydatina 
aentaj  which  was  watched  for  more  than  eighteen  days,  and 
which  hves  still  longer,  is  capable  of  a  fourfold  increase  in  twenty- 
four  or  thirty  hours;  a  rate  of  propagation  which  would  afford  in 
ten  days  a  million  of  beings.  This,  in  some  measure,  explains  the 
extraordinary  number  of  Infusoria  in  a  drop  of  an  infusion. 
Ehrenberg  never  observed  any  animalcules  in  dew  or  rain;  but 
there  are  some  which  he  has  found  in  Africa  and  Asia  as  well  as 
in  Europe,  in  sea  water  as  well  as  in  river  water,  in  the  depths  of 
the  earth  and  at  its  surface.  During  their  development^  however, 
these  animals  seem  to  present  many  forms,  and  the  forms  depend- 
ent on  the  different  stages  of  development  of  one  animalcule  may 
be  easily  mistaken  for  examples  of  different  species.  From  these 
observations  Ehrenberg  concludes,  that  all  Infusoria  are,  like  other 
animals,  propagated  from  ova, — omne  vivum  ex  ovo, — and  leaves 
it  undecided  whether  the  ova  are,  or  are  not,  in  part  really  the 
product  of  a  generaiio  primitivaA 

*  Nov.  Act.  Nat.  Cnr.  t.  x.  See  also  Nees.  t«  Esenbeck,  Flora,  1826,  p. 
531;  and  Schilling  in  Kastner's  Archtv.  x.  429. 

t  Ehrenberg  in  Poggendorf  *8  Annal.  1833. 1.  See  also  Wagner  in  the  lais 
for  1832. 
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Facts  relating  to  Entozooj  favourable  to  equivocal  generation. 
— The  alleged  primitive  formation  of  certain  animals  from  unor- 
ganised animal  matter,  is  still  best  supported  by  certain  facts  re- 
specting the  Entozoa.  A  complete  series  of  arguments  in  favour 
of  equivocal  generation  rests  upon  the  impossibility  of  explaining 
the  first  production  of  Entozoa,  without  supposing  a  spontaneous 
generation.  1.  The  immense  majority  of  the  intestinal  worms  are 
quite  distinct  in  their  organisation  from  all  the  beings  which  are 
met  with  out  of  the  animal  body.  The  similarity  of  some  Dtsto- 
mata  to  the  Planariae  of  fresh  and  salt  water  is  only  apparent. 
2,  A  small  number  only  of  intestinal  worms  occur  in  different 
genera  of  animals.  Thus  the  Taenia  of  man  is  peculiar  to  him; 
though,  on  the  contrary,  the  Distoma  hepaticum^  or  liver  fluke, 
seems  to  be  common  to  man,  the  hare,  cow,  camel,  deer,  horse, 
and  hog;  the  thread-worm,  Ascaris  lumbricoides,  is  common  to 
man,  the  hog,  ox,  and  horse.  Most  animals  have  their  peculiar 
Entozoa,  differing  specifically  from  those  of  others.  3.  Many  of 
these  Entozoa  occur  only  in  particular  organs.  4.  Intestinal  worms 
generally  die  when  removed  from  the  animal  body.  5.  They 
have  been  observed  even  in  the  embryo.  6.  The  fact  of  animals, 
which  feed  on  vegetables  solely,  having  nevertheless  their  own 
peculiar  Entozoa,  proves  that  these  Entozoa,  or  their  germs,  can- 
not be  introduced  with  the  food.  Even  in  carnivorous  animals  the 
introduction  of  the  Entozoa  from  without  can  be  admitted  in  very 
few  cases  only:  such  are  the  facts  of  the  Echinorhynchus  of  the 
field-mouse  having  been  sometimes  found  in  the  falcon;  the  worms 
of  the  frog,  in  serpents;  and  the  Ligula  of  fishes,  the  Bothrio- 
c^haltcs  solidus  of  the  stickleback,  in  the  intestines  of  wading 
and  swinuning  birds;  while  many  other  Entozoa  are  met  with  in 
other  parts  than  the  intestinal  canal,  and  beyond  the  reach  of  mat- 
ters introduced  from  without.* 

Ehrenbefg  endeavours  to  set  aside  the  equivocal  generation  of 
the  Entozoa;  inclining  to  the  old  opinion  that  the  ova  of  these 
animals  circulate  with  the  fluids  in  all  parts  of  the  body.  But  the 
suppositions  by  which  the  equivocal  generation  is  thus  sought  to 
be  refuted,  are  as  improbable  as  that  theory  itself.  The  ova  of  the 
Entozoa  are  evidently  too  large  to  enter  the  lymphatics  of  the  organ 
in  which  the  worms  live;  they  are  much  too  large  to  circulate  in 
capillary  blood-vessels,  of  which  the  diameter  is  only  ^h^  of  an 
English  inch,  or  in  fine  to  pass  into  the  secretions, — the  milk,  or 
yolk  of  the  egg,  for  example:  the  explanation  of  the  occurrence  of 
Entozoa  in  herbivorous  animals,  by  transmission  from  mother  to 
young,  is  consequently  completely  opposed  to  the  known  data 
afforded  by  the  micrometer,  unless  it  be  admitted  that  the  smallest 
particle  of  the  germinal  matter  formed  by  Entozoa  already  existing, 
is  as  capable  of  propagating  them  as  an  entire  ovum.  With  regard 
to  the  Spermatozoa,  Ehrenberg  assumes  that  every  animal  receives 

*  Bremser,  Ueber  lebenden  Wurmer  im  lebenden  Menschen.    Wien,  1819. 
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them  at  the  time  of  fecundation.  Direct  experiments  relative  to 
the  question  of  equivocal  generation  are,  in  the  present  state  of 
science,  necessarily  attended  with  extreme  difficuhy.  Those,  how- 
ever, which  have  been  instituted  most  recently  are  unfavourable 
to  the  hypothesis.  Fr.  Ferd.  Schultze  has  observed  that  atmo- 
spheric air,  after  being  passed  through  sulphuric  acid,  is  no  longer 
capable  of  giving  rise  to  the  development  of  Infusoria  in  fluids 
which  have  been  subjected  to  long  boiling;  and  Schwann  found 
that  neither  the  production  of  Infusoria  or  algae  (mould),  nor  pu- 
trefaction took  place  in  boiled  fluids,  when  the  air  in  contact  with 
them  had  been  exposed  to  a  great  heat,  though  it  still  contained 
abundance  of  oxygen,  and  was  frequently  renewed. 

M.  Von  Baer*  has  observed  many  extraordinary  circumstances 
in  the  generation  of  the  Entozoa.  The  animals  which  he  names 
Bucephalus,  are  generated  in  thread-like  ovistocks,  which  are  found 
in  mussels;  and  fiojanus  and  Baer  have  described  a  worm,  found 
in  the  Lymnaeus  stagnalis,  which  again  contains  numerous  animals 
of  a  perfectly  different  form, — namely,  Cercanae.t  i^ordmann]: 
has  seen  monads  in  the  body  of  living  Diplostomata,  and  has 
observed  the  production  of  infusory  animalcules  in  the  interior  of 
the  putrefying  ova  of  Lernseae.  On  the  other  hand,  the  changes 
which  certain  Entozoa  undergo  deserve  attention;  for  example, 
the  Ligula  and  Bothriocephaltis  solidus  of  fishes  have  no  distinct 
genital  organs  until  they  are  received  into  the  intestines  of  water 
birds:  some  young  Distomata  have  at  first  a  different  form  from 
that  which  they  afterwards  present;  thus  the  Distoma  nodulosum 
of  the  perch  has,  according  to  Nordmann,  at  first  no  sucker,  and  is, 
then,  provided  with  a  trace  of  an  eye  and  with  cilia,  as  if  to  swim 
in  water.  The  Infusoria  and  Entozoa  of  living  plants  still  require 
investigation.  It  is  important  to  know,  that  the  diseased  grain  of 
Agrostis  or  bent-grass,  Phalaris  or  canary-grass,  and  wheat,  con- 
tain, according  to  Steiubuch§  and  Bauer,||  Vibriones;  that  Bauer, 
having  inserted  Vibriones  into  the  stem  of  the  young  wheat,  found 
them  again  in  the  grain;  and  that  the  worms  of  the  dried  seeds, 
according  to  the  same  observers,  if  placed  in  water  after  several 
years,  will  again  present  all  the  phenomena  of  life. 

Origin  of  organic  matter  and  of  the  organic  force. — In  the 
production  of  Infusoria  there  is  no  new  formation  of  organic  matter; 
the  previous  existence  of  organic  beings  is  presupposed.  Organic 
matter  is  never  produced  spontaneously.  Plants  alone  seem  to 
have  the  power  of  generating  ternary  or  organic  compounds  from 
binary  or  inorganic  compounds;  while  animals  are  nourished  only 

*'Nov.  Act.  Car.  xiii.  2. 

t  Compare  Siebold,  on  the  anatomy  of  monostomum  mntabile,  Wiegrmann, 
Arch.  i.  35.  Caras  on  the  Leaco-chloridium  paradoxom.  Nov.  Act.  Cur. 
Nat.  xvii.  1. 

X  Microgr.  Beitrage.    Berlin,  1832.  $  Analecten.  1802. 

II  Philos.  Trans.  1823. 


OBGANISM  AND  LIFE.  27 

by  organic  matter,  which  they  cannot  generate  from  binary  com- 
pounds, and  consequently  their  existence  presupposes  that  of  the 
vegetable  kingdom.  How  organic  beings  were  originally  pro- 
duced, and  how  organic  matter  became  endowed  with  a  force 
which  is  absolutely  necessary  to  its  formation  and  preservation,  but 
which  is  manifested  only  in  it,  are  questions  beyond  the  compass  of 
out  experience  and  knowledge  to  determine.  The  difficulty  is  not 
removed  by  saying  that  the  organic  force  has  resided  in  the  organic 
matter  from  eternity,  as  if  organic  force  and  organic  matter  were 
only  different  ways  of  regarding  the  same  object:  for,  in  fact,  the 
organic  or  vital  phenomena  are  presented  only  by  a  certain  combi- 
nation of  the  elements;  and  even  organic  matter,  itself  susceptible 
of  life,  is  reduced  to  inorganic  compounds  as  soon  as  the  cause  of 
the  vital  phenomena,  namely,  the  vital  force,  ceases  to  exist  in  it. 
This  problem,  however,  is  not  a  subject  of  experimental  physiology, 
but  of  philosophy.  Conviction  in  philosophy  and  in  natural  sci- 
ence have  entirely  different  bases;  the  first  suggestion  here,  there- 
fore, is,  not  to  be  led  away  from  the  field  of  rational  experiment. 
We  must  be  content  to  know  that  the  forces  which  give  life  to 
organic  bodies  are  peculiar,  and  then  examine  more  closely  their 
properties. 

n.   OF  ORGANISM  AND  LIFE. 

Organised  beings  are  composed  of  a  number  of  essential  and 
mutually  dependent  dissimilar  parts, — The  manner  in  which 
their  elements  are  combined,  is  not  the  only  difference  between 
organic  and  inorganic  bodies;  there  is  in  living  organic  matter  a 
principle  constantly  in  action,  the  operations  of  which  are  in 
accordance  with  a  rational  plan,  so  that  the  individual  parts  which 
it  creates  in  the  body,  are  adapted  to  the  design  of  the  whole;  and 
this  it  is  which  distinguishes  organism.  Kant  says,  <<  The  cause  of 
the  particular  mode  of  existence  of  each  part  of  a  living  body 
resiaes  in  the  whole,  while  in  dead  masses  each  part  contains  this 
cause  within  itself."  This  explains  why  a  mere  part  separated 
from  an  organised  whole  generally  doea  not  continue  to  live;  why, 
in  fact,  an  organised  body  appears  to  be  one  and  indivisible.  And 
since  the  different  parts  of  an  organised  body  are  heterogenebus 
members  of  one  whole,  and  essential  to  its  perfect  state,  the  trunk 
cannot  live  after  the  loss  of  one  of  these  parts. 

It  is  only  in  very  simple  animals  or  plants  which  possess  a  cer- 
tain number  of  similar  parts,  or  where  the  dissimilar  parts  are 
repeated  in  each  successive  segment  of  the  individual,  that  the 
body  can  be  divided,  and  the  two  portions,  each  still  possessing  all 
the  essential  parts  of  the  whole,  though  in  smaller  number,  con- 
tinue to  live.  Branches  of  plants  separated  from  the  trunk,  being 
planted,  form  new  individuals.  The  different  parts  of  plants  are 
so  similar^  that  they  are  convertible  one  into  another,  branches 
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into  roots^  and  stamens  into  petals.*  This  is  the  case  also  with 
some  simple  polypes.  The  experiments  of  Trembley,  Roesel,  and 
others,  prove  that  portions  of  a  divided  polype  will  continue  to 
grow  until  each  half  becomes  a  perfect  animal.  In  the  same  way 
some  worms,  as  the  Naides,  in  which  each  segment  contains  nearly 
the  same  essential  parts, — the  intestine,  nerves,  and  blood-vessels, 
— have  been  observed  to  propagate  by  spontaneous  division. 
Bonnet  states,  that  he  has  seen  this  new  growth  and  reproduction 
in  the  portions  of  a  divided  earthworm:  but  this  animal,  when 
thus  divided,  could  not  continue  to  live;  for  neither  portion  would 
contain  all  the  parts  essential  to  the  whole. 

In  the  higher  animals,  and  in  man,  there  are  certain  ^rgans,— 
that  is,  parts  differing  in  their  properties  and  functions, — which 
cannot  be  removed  without  destruction  of  life,  and  of  our  idea  of 
the  wholepand  such  organs  also  only  occur  singly,  as  brain,  spinal 
jnarrow,  lungs,  heart,  and  intestinal  canal.  Other  parts,  on  the 
contrary,  which  are  not  members  essentially  necessary  to  our  idea 
of  the  whole  being,  or  which  are  several  in  number,  may  be 
removed  with  impunity:  no  part,  however,  of  one  of  the  higher 
animals  can  continue  to  live  when  separated  from  the  body,  for  no 
one  part  contains  all  the  organs  essential  to  the  whole.  The  ovum, 
the  germ  itself,  alone  possesses  this  power;  for,  at  the  time  of  its 
separation  from  the  parent  animal,  the  vital  force  has  not  formed 
in  it  the  essential  parts  of  the  whole;  and  yet  it  becomes  developed 
into  a  new  integral  being.  ;'There  is,  then,  a  unity  in  the  organism, 
to  which  its  composition  of  dissimilar  parts  is  subordinate.  From 
the  facts  above  stated,  however,  it  appears  that  organised  bodies 
are  not  absolutely  indivisible;  they  may,  indeed,  always  be  divided^ 
and  still  retain  their  properties,  if  each  portion  contains  the  essen- 
tial Jieterogeneous  members  of  the  whole,  and  in  the  generation 
even  of  the  highest  animals  and  plants  a  division  takes  place. 

Inorganic  bodies  are  divisible  in  a  much  more  extended  sense, 
without  the  parts  losing  the  chemical  properties  of  the  whole;  they 
may  be  divided  (to  use  the  common  expression)  ad  infinitum, — 
that  is,  according  to  the  atomic  theory,  into  the  ultimate  atoms 
which,  on  account  of  their  minuteness,  elude  the  senses;  and  in 
chemical  compounds,  into  molecules  which  are  formed  of  the  dif- 
ferent component  atoms,  and  which  are  likewise  not  recognisable 
by  the  senses.  To  this  character  of  inorganic  bodies,  however, 
crystals  form  an  exception,  since  they  cannot  be  reduced  by  divi- 
sion to  their  ultimate  particles  without  losing  some  of  their  pro- 
perties. 

•Sdapiation  displayed  in  organised  bodies. — Organised  bodies 
being  composed  of  a  certain  number  of  dissimilar  essential  parts 
all  adapted  to  the  plan  of  the  whole  individual,  it  necessarily  fol- 
lows that  their  external  and  internal  conformation  are  such  as  to 

*  Goethe,  Metamorphose  der  Pflanzen. 
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distinguish  them  entirely  from  inorganic  bodies.  There  is  a  har- 
mony between  their  form  and  organisation,  and  the  functions 
which  they  are  called  upon  to  perform.  In  crystals  there  is  no 
such  adaptation:  their  increase  is  by  apposition  and  aggregation. 
That  of  organised  bodies  is  by  internal  changes  going  on  contem- 
poraneously in  different  parts.* 
<  This  law  of  organic  conformation, — adaptation  to  an  end, — 
I  regulates  the  form,  not  only  of  entire  organs,  but  also  of  the  sim- 
I  plest  elementary  tissues.  Thus  it  will  be  shown,  in  a  future  page, 
'-that  the  manifold  forms  of  secreting  glandular  structures  depend 
simply  on  the  various  modes  in  which  a  large  secreting  surface  can 
be  made  efficient  in  a  small  space.  The  fibrous  structure  of  mus- 
cles is  necessary  to  enable  these  organs  to  shorten  themselves  in  a 
determined  direction  by  the  zigzag  flexure  of  the  fibres.  So,  also, 
in  treating  of  the  Physiology  of  the  Nerves  it  will  be  shown,  that 
unless  the  nerves  had  been  divided  into  a  certain  number  of  pri- 
mitive fibres,  which  do  not  communicate  one  with  another,  their 
local  action, — local  circumscribed  sensation, — would  be  impossible. 
The  same  adaptation  is  seen  to  be  equally  necessary  in  the  organi- 
sation of  plants.  The  organs  of  plants  are  less  heterogeneous; 
and,  in  place  of  being  so  much  enclosed  in  the  interior,  are  ex- 
panded on  the  surface, — the  reciprocal  actions  with  the  external 
world  being  effected  by  the  whole  surface  rather  than  by  particu- 
lar points.  Hence  the  general  character  of  the  conformation  of 
plants  is  that  extension  of  surface  which  is  effected  by  means  of 
the  various  forms  of  leaves,  in  ways  more  manifold  than  the  most 
lively  fancy  could  have  imagined;  so  that  a  great  part  of  botanical 
terminology  is  only  an  attempt  to  form,  logically  and  conformably 
to  nature,  a  scheme  of  the  possible  varieties  in  the  increase  of  sur- 
face produced  by  variations  of  the  leaves,  and  of  their  relation  to 
pedicle,  twig,  branch,  and  stem. 

Organic  symmetry  as  distinguished  from  inorganic, — The 
only  character  that  can  be  possibly  compared  in  organic  and  in- 
organic bodies,  is  the  mode  in  which  symmetry  is  realised  in  each. 
Crystals  have  symmetrical  and  asymmetrical  surfaces,  angles,  and 
comers.  Animals  have  also  symmetrical  and  asymmetrical  parts, 
and  the  laws  of  symmetrical  and  asymmetrical  conformation  present 
in  organised  bodies,  as  in  crystals,  manifold  variations.  The  origi- 
nal form  of  the  animal  germ,  for  example,  is  a  roundish  flat  disk, — 
the  cicatricula  (germinal  disk,  blastoderma)  in  the  bird's  egg;  this 
germinal  disk,  while  in  the  ovary,  appears,  from  the  researches  of 
Furkinje  and  Baer,  to  be  a  vesicle.  The  germ  is  also  disk-shaped 
in  invertebrate  animals,  as  I  have  seen  in  the  Planaria.  The  form 
of  the  ovum  and  yolk  must  not  be  confounded  with  that  of  the 
germ.    In  addition  to  the  circumstance  that  the  symmetry  and 

*  Professor  E.  H.  Weber  has  made  some  other  very  interestioff  comparisoDS 
between  organisation  and  crystallisation  in  his  General  Anatomy.  llildeDrandt*8 
Anat.  \*^  Band. 
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asymmetry  of  crystallised  inorganic  bodies  are  always  represented 
by  plane  surfaces  and  straight  lines^  the  reverse  of  which  is  the 
case  in  organised  bodies,  there  is  also  this  great  difference,  that  the 
symmetrical  and  asymmetrical  parts  of  crystals  have  a  simple  com- 
position, while  the  symmetrical  parts  of  organised  bodies  are  them- 
selves in  the  first  place  formed  of  heterogeneous  tissues.  The 
causes  which  give  rise  to  the  different  types  of  organic  synunetry, 
and  which  first  determine  in  the  germ  the  position  of  the  axis  for 
the  symmetrical  development,  are  as  difficult  to  imagine  as  the 
causes  of  the  syomietry  of  form  in  crystals. 

The  component  tissues  of  organised  bodies  are  never  crystal' 
line;  for  although  some  kinds  of  fatty  matter  are  crystalline  in  the 
pure  state,  it  is  only  when  they  are  subjected  to  external  influences 
and  withdrawn  from  that  of  life.  The  same  is  the  case  with  sugar, 
urea,  and  lithic  acid.  Most  of  the  organic  substances  and  fluids 
do  not  crystallise  even  when  removed  from  the  living  body.  .  The 
spinal  canal  and  the  cranial  cavity  of  the  frog  have,  indeed,  sur- 
rounding the  central  parts  of  the  nervous  system,  a  layer  of  white 
pulpy  matter  which,  according  to  Ehrenberg  and  Huschke,  con- 
sists of  microscopic  crystals  of  carbonate  of  lime.  So,  also,  in 
the  peritoneum  of  fishes,  and  in  the  tapetum  of  the  choroid  of 
the  same  animals,  Ehrenberg*  has  discovered  microscopic  crystals 
composed  of  organic  matter.  The  pulverulent  matter  in  the  laby- 
rinth of  the  ear  consists  of  microscopic  crystals.  The  chorion  of 
the  ova  of  lizards,  and  the  gritty  matter  of  the  pineal  gland,  and 
choroid  plexus  of  the  human  brain,  the  dental  pulp  of  the  human 
subject  and  of  some  Mammalia,  and  peculiar  sacculi  in  the  earth- 
worm, described  by  Henle,  contain  particles  which,  according  to 
Valentin,!  exhibit  an  imperfect  crystalline  form  and  arrangement 
The  presence  of  minute  crystals,  called  raphides,  in  the  tissues  of 
many  plants  and  generally  within  the  cells,  is  well  known.  In 
diseased  states,  crystallisation  not  unfrequently  takes  place  within 
the  body;  sometimes  apparently  the  immediate  result  of  the  mor- 
bid process,  as  in  the  formation  of  certain  arthritic  concretions; 
but  more  frequently  perhaps  in  consequence  of  subsequent  che- 
mical changes  ensuing  in  matters  already  eliminated  from  the 
vessels,  or  of  the  removal  of  a  part  of  the  solvent  fluid.  To  these 
causes  we  must  refer  most  biliary  and  urinary  calculi,  and  the  crys- 
tals of  calcareous  and  soda  salts  formed  in  the  crusts  of  the  intes- 
tinal ulcers,  and  in  the  intestinal  excretions  in  Typhus,  as  well  as 
in  carcinomatous  tumours,  the  discharges  from  gangrenous  parts, 
&c.  as  observed  by  Schoenlein  (Miiller^s  Archiv.  1836,  p.  258), 
Valentin  (Rcpertor.  Bd.  ii.  p.  262.  Bd.  iii.  p.  534),  and  Gluge 
(Mailer's  Archiv.  1837,  p.  463). 

*  Miiller  Archiv.  fur  Anat.  und  PhysLolog.  1834,  p.  158. 
t  Repert.  fur  Anat.  u.  Physiol.  Bd.  i.  p.  2, 
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The  organic  force  is  creative. — Hitherto,  I  have  examined 
merely  that  peculiarity  of  organised  bodies  which  consists  in  their 
being  systems  of  dissimilar  organs,'  the  existence  of  each  of  which 
has  its  source,  not  in  itself,  but  in  the  entire  system,  as  Kant  ex-^ 
pressed  it  (The  organic  forcey  which  resides  in  the  whole,  and  on  j 
which  the  existence  of  each  part  depends,  has  however  also  the  I  ^ 
property  of  generating  from  organic  matter  the  individual  organs  I 
necessary  to  the  whole. )  Some  have  believed  that  life,— the  active  '^ 
phenomena  of  organised  bodies, — is  only  the  result  of  the  harmony 
of  the  different  parts — of  the  mutual  action,  as  it  were,  of  the 
wheels  of  the  machine, — and  that  death  is  the  consequence  of  a 
disturbance  of  this  harmony.  This  reciprocal  action  of  parts  on 
each  other  evidently  exists;  for  respiration  in  the  lungs  is  the  cause 
of  the  activity  of  the  heart,  and  the  motion  of  the  heart  at  every 
moment  sends  blood,  prepared  by  respiration,  to  the  brain,  which 
thus  acquires  the  power  of  animating  all  other  organs,  and  again 
gives  occasion  to  the  respiratory  movements.  The  external  im- 
pulse to  the  whole  machinery  is  the  atmospheric  air,  in  respiration. 
Any  injury  to  one  of  the  principal  moving  powers  in  the  mecha- 
nism, any  considerable  lesion  of  the  lungs,  heart,  or  brain,  may  be 
the  cause  of  death;  hence  these  organs  have  been  named  the  airia 
mortis.  But  the  harmonious  action  of  the  essential  parts  of  the"^ 
individual  subsists  only  by  the  influence  of  a  force,  the  operation 
of  which  is  extended  to  all'  parts  of  the  body,  which  does  not  de- 
pend on  any  single  organ,  and  which  exists  before  the  harmonis- 
ing parts,  these  being,  in  fact,  formed  by  it  during  the  development  1 
of  the  embryo.  The  germ  is  <<  potentially"  the  whole  animal; 
during  the  development  of  the  germ,  the  essential  parts  which 
constitute  the  <^  actual"  whole  are  produced.  The  development 
of  the  separate  parts  out  of  the  simple  mass  is  observable  in  the 
incubated  egg.  (We  are  not  to  suppose,  however,  that  the  germ  is 
the  miniature  of  the  future  being  with  all  its  organs,  as  Bonnet  ^ 
and  Haller  believed; Mt  is  merely  *^ potentially^'  this  being,  with 
the  specific  vital  force  of  which  it  is  endued,  and  which  it  becomes 
^  actually^'  by  development,  and  by  the  production  of  the  organs 
essential  to  the  active  state  of  the  <<  actuaP'  being.  For  the  germ 
itself  is  formed  merely  of  amorphous  matter,  and  a  high  magnify- 
ing power  is  not  necessary  to  distinguish  the  earliest  rudiments  of 
the  separate  organs;  on  the  contrary,  these  are  from  their  first 
appearance  distinct  and  pretty  large,  but  simple;  so  that  the  later- 
complicated  state  of  a  particular  organ  can  be  seen  to  arise  by 
transformation  from  its  simple  rudiment.  These  remarks  are  now 
no  longer  mere  opinions,  but  facts;  and  nothing  is  more  distinct 
than  the  development  of  glands  from  the  intestinal  tube,  and  of 
the  intestinal  tube  itself  from  a  portion  of  the  germinal  membrane. 

The<Teative  organic  force  is  not  identical  with  the  mind.-^ 
If  Ernst  Stahl  had  been  acquainted  with  the  above  facts,  he  would 
have  been  still  more  confirmed  in  his  famous  theory,  that  the 
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rational  soul  itself  is  the  *^primum  movens*^  of  organisation;  that 
it  is  the  ultimate  and  sole  cause  of  organic  activity;  that  the  soul 
constructs  and  maintains  the  organisation  of  its  body  in  adaptation 
to  the  laws  of  its  intended  actions;  and  that  by  its  organic  opera- 
tions the  cure  of  diseases  is  etfected.  StahPs  contemporaries  and 
followers  have  partly  misunderstood  this  great  man,  in  believing 
that,  according  to  his  view,  the  soul,  which  forms  mental  concep- 
tions, also  conducts  with  consciousness,  and  designedly,  the  organi- 
sation of  the  body.  The  soul  (anima)  spoken  of  by  Stahl  is  the 
organising  power  or  principle  which  manifests  itself  in  conformity 
with  a  rational  law.  But  Stahl  has  gone  too  far  in  placing  the 
V  manifestations  of  soul,  combined  with  consciousness,  on  a  level 
with  the  organising  principle;  the  operations  of  which,  though  in 
accordance  with  design,  obey  a  blind  necessity.  The  organising 
principle,  which  according  to  an  eternal  law  creates  the  different 
essential  organs  of  the  body,  and  animates  them,  is  not  itself  seated 
in  one  particular  organ.  It  continues  in  operation  up  to  the  time  of 
birth  in  anencephalous  monsters:  it  modifies  the  already  existing 
nervous  system,  as  well  as  all  the  other  organs  in  the  larvje  of 
insects,  durhig  their  transformation,  causing  the  disappearance  of 
several  of  the  ganglia  of  the  nervous  cord,  and  the  coalescence  of 
otliers.  By  its  operation  during  the  transformation  of  the  tadpole  to 
the  frog,  the  spinal  marrow  is  shortened  in  proportion  as  the  tail  : 
becomes  atrophied,  and  the  nerves  of  the  extremities  are  formed. ' 
This  principle,  thus  acting  conformably  to  design,  but  without  con- 
sciousness, is  also  manifested  in  the  phenomena  of  instinct.  There 
is  great  beauty  and  truth  in  the  saying  of  Cuvier,  that  animals 
acting  from  instinct  are,  as  it  were,  possessed  by  an  innate  idea,  by 
a  dream.  But  that  which  excites  this  dream  can  be  nothing  else 
than  the  organising  principle,  the  ''ultimate  cause"  of  the  being. 

The  existence  of  the  organic  principle  in  the  germ,  and  its  appa- 
rent independence  of  any  special  organ  in  the  adult,  as  well  as  the 
fact  that  it  is  manifested  in  plants,  in  which  both  nervous  system 
and  consciousness  are  wanting,  prove  that  this  principle  cannot  be 
compared  with  mental  consciousness,  which  is  an  after  product  of 
development,  and  has  its  seat  in  one  particular  organ.  Mind  can 
generate  no  organic  products,  it  can  merely  form  conceptions;  our 
ideas  of  the  organised  being  are  mere  conscious  conceptions  of  the 
mind.  The  formative  or  organising  principle,  on  the  contrary,  is  a 
creative  power  modifying  matter,  blindly  and  unconsciously, 
according  to  the  laws  of  adaptation. 

Origin  of  genera  and  species. — Organism,  or  the  organised  state, 
is  the  result  of  the  union  of  the  organic  creative  power  and  organic 
matter.  Whether  the  two  have  ever  been  separate,  whether  the 
creative  archetypes,  the  eternal  ideas  of  Plato,  as  he  taught  in  his 
"  Timaeus,"  have  at  some  former  period  been  infused  into  matter, 
and  from  that  time  forward  been  perpetuated  in  each  animal  and 
plant,  is  not  tin  object  of  science,  but  of  the  fables  and  traditions 
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which  cannot  be  proved,  and  which  distinctly  indicate  to  us  the 
limits  of  our  mere  consciousness.  All  that  we  know  is,  that  each 
form  of  animal  or  plant  is  continued  unchanged  in  its  products,  and 
that,  in  a  roughly  calculated  number  of  many  thousand  species  of 
animals  and  plants,  there  are  no  true  transitions  of  one  species  to 
another,  or  of  one  genus  to  another.  Each  family  of  plants  and 
animals,  each  genus,  and  each  species,  is  connected  with  certain 
physical  conditions  of  its  existence,  with  a  certain  temperature,  and 
with  determinate  physico-geographical  relations,  for  which  it  is,  as 
it  were,  created.  In  this  endless  variety  of  creatures,  in  this  regu- 
larity of  the  natural  classes,  families,  genera,  and  species,  is  mani- 
fested one  common  creative  principle,  on  which  life  generally 
throughout  the  world  depends.  But  all  these  varieties  of  organism, 
all  these  animals,  which  may  be  regarded  as  so  many  modes  in 
which  the  surrounding  world  may  be  enjoyed  by  means  of  sensa- 
tion and  reaction,  are,  from  the  moment  of  their  creation,  indepen- 
dent. The  species  perishes  when  the  productive  individuals  are 
ail  destroyed;  the  genus  is  no  longer  capable  of  generating  the 
species,  nor  the  family  of  restoring  the  genus.  In  the  course  of 
the  earth's  history,  species  of  animals  have  perished  by  the  revs 
tions  of  its  surface,  and  have  been  buried  in  theruiqs;  these  belong 
partly  to  eztincf  genera,  partly  to  genera  still  existing. 

The  study  of  the  successive  strata  of  the  earth,  in  which  the 
remains  of  organic  beings  occur,  seems  to  prove  that  the  beings, 
which  have  thus  left  their  remains  on  the  earth,  have  not  all  ex- 
isted at  the  same  time,  but  that  tiie  simplest  creatures  have  first  in- 
habited the  earth;  while  the  remains  of  the  higher  animals,  and 
particularly  those  of  man,  are  not  met  with  except  in  the  mosjt 
superficial  of  the  deposits  which  contain  organic  remains.  But  no 
fact  justifies  us  in  speculations  concerning  the  primitive,  or  subse- 
qoeut  origin  of  living  beings;  no  fact  indicates  the  possibility  of 
explaining  all  these  varieties  by  transformation,  for  all  creatures 
maintain  unchanged  the  forms  which  they  originally  received. 

Nature  of  the  organic  force, — The  unity  resulting  from  the 
combination  of  the  organising  force  with  organic  matter  could  be 
better  conceived,  if  it  were  possible  to  prove  that  the  organising  ^^^ 
force  and  the  _p]ienQmen.a  Qf  life  are  the  result,  manifestation,  or 
property  of  a  certain  combination  of  elements.  The  difference  of  '• 
animate  or  inanimate  organic  matter  would  then  consist,  in  that 
state  of  combination  of  the  elements,  which  is  necessary  to  life, 
having  in  the  latter  undergone  some  change.  Reil  has  stated  this 
bold  theory  in  his  famous  treatise  on  the  <<  vital  energy,''*  which 
some  physiologists, — Rudolphi,  for  example, — regard  as  a  master- 
piece, on  which  the  principles  of  physiology  must  be  founded. 

Reil  refers  organic  phenomena  to  original  difference  in  the  com- 
position and  form  of  organic  bodies.    Differences  in  composition 

*  Reil,  Archiv.  fur  Physiologie,  Bd.  i. 
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and  fonn  are,  according  to  his  theory,  the  cause  of  all  the  variety 
in  organised  bodies,  and  in  their  endowments.     But  if  these 
two  principles  be  admitted,  still  the  problem  remains  unsolved; 
it  may  still  be  asked,  how  the  elementary  combination  acquired 
,  its  form,  and  how  the  form  acquired  its  elementary  combination. 
\  Into  the  composition  of  the  organic  matter  of  the  living  body 
•there  must  enter  an  unknown  (according  to  ReiPs  theory,  sub- 
tile material)  principle,  or  the  organic  matter  must  maintain  its 
.   properties  by  the  operation  of  some  unknown  forces.    Whether 
'  this  principle  is  to  be  regarded  as  an  imponderable  matter,  or  as  a 
:  force  or  energy,  is  just  as  uncertain  as  the  same  question  is  in 
/  reference  to  several  important  phenomena  in  physics;  physiology  in 
■'  this  case  is  not  behind  the  other  natural  sciences,  for  the  properties 
of  this  principle,  as  displayed  in  the  functions  of  the  nerves,  are 
nearly  as  well  known  as  those  of  light,  caloric,  and  electricity,  in 
physics. 

At  all  events,  the  mobility  of  the  organic  principle  is  certain:  its 
motion  is  evident  in  innumerable  vital  phenomena.  Parts  frozen, 
stiflf,  and  deprived  of  sensation  and  motion,  are  observed  gradually 
to  recover  animation,  which  extends  into  them  from  the  borders  of 
the  living  parts.  This  passage  of  the  vital  principle  from  one  part  to 
another,  is  still  more  manifest  on  the  removal  of  pressure  from  a 
nerve,  after  that  state  has  been  produced  in  which  the  limb  is  said 
to  be  <^  asleep."  The  fibrin  effused  in  mfiammation  on  the  surface 
of  an  organ,  is  observed  to  become  endowed  with  life  and  organi- 
sation. This  same  organic  principle  exerts  its  influence  even  be- 
yond the  surface  of  an  organ,  as  is  shown  by  the  changes  produced 
in  the  animal  matter  contained  in  the  vessels,  for  instance,  in  the 
lymph  and  chyle,  which  latter  fluid  during  its  progress  through 
the  lacteals  acquires  new  properties:  by  the  coats  of  the  blood- 
vessels, again,  the  organic  principle  exerts  an  influence  on  the 
blood,  in  maintaining  its  fluidity;  for,  out  of  the  vessels  the  blood 
coagulates  under  almost  all  circumstances,  unless  it  has  undergone 
some  chemical  change.  Lastly,  I  may  with  Autenrieth  adduce 
that  property  of  animal  tissues,  by  virtue  of  which  vital  energy  is 
at  one  time  withdrawn  from  them,  and  then  again  imparted  to 
them,  and  is  often  quickly  accumulated  in  one  organ.  I  do  not 
think,  with  Hunter,  that  it  is  the  influence  of  the  vital  energy  which 
in  an  unincubated  egg  preserves  the  yolk  and  white  from  putre- 
faction; but  it  is  certain,  that  an  extravasated,  enclosed,  or  morbidly 
collected  fluid,  even  morbid  animal  matter,  as  pus,  is  preserved 
from  putrefaction  longer  in  the  living  body  than  out  of  it;  which 
does  not  arise  merely  from  the  exclusion  of  air,  since,  when  the 
vital  powers  are  low,  blood  and  pus  rapidly  undergo  decomposi- 
tion even  in  the  body.*  From  all  these  facts  the  existence  of  a. 
force  which  is  often  rapid  in  its  action,  and  is  capable  of  extending 
from  one  part  to  another,  or  of  an  imponderable  matter,  is  evident; 

*  Aatenrieth,  Physiologie,  i. 
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neyertbel£sa:we  ate  by  no  means  justified  in  regarding  it  as  iden- 
Ucal^  with_ibe  known  imppnderable  matters,  or  general  physical 
forces2;7:rj(^oric»  light^^  and.  elactrieity,  u  resemblance  to  which  is 
disproved  by  a  close  investigation.  The  researches  on  the  so-called 
animaf  magnetism  at  first  promised  to  throw  some  light  on  this 
enigmatical  principle^  or  imponderable  matter.  It  was  thought 
that,  by  one  person  laying  his  hand  upon,  or  passing  it  along  the 
surface  of  another,  and  by  other  procedures,  remarkable  elects 
were  produced,  arising  from  the  overflow  of  the  animal  magnetic 
fluid;  some  indeed  have  imagined  that  by  certain  operations  they 
could  produce  accumulation  of  this  hypothetic  fluid.  These  tales, 
however,  are  a  lamentable  tissue  of  falsehood,  deception,  and  cre- 
dulity; and  from  them  we  have  only  learned  how  incapable  most 
medical  men  are  of  instituting  an  experimental  investigation,  how 
little  idea  they  have  of  a  logical  criticism,  which  in  other  natural 
sciences  has  become  a  universal  method.  There  is  no  single  fact 
relating  to  this  doctrine  which  is  free  from  doubt,  except  the  cer- 
tainty of  endless  deceptions;  and  in  the  practice  of  medicine  there 
is  also  no  fact  which  can  be  connected  with  these  wonders,  except 
the  often  repeated,  but  still  unconfirmed  accounts  of  the  cure  o^ 
paralysis  by  investing  the  limbs  with  the  bodies  of  animals  just 
killed,  and  the  willingly  credited  fables  of  the  restoration  of  youth 
to  the  old  and  diseased,  by  their  being  in  the  proximity  and  exposed 
to  the  exhalation  of  healthy  children,  and  vice  versd. 

We  have  thus  seen  that  organic  bodies  consist  of  matters  which 
present  a  peculiar  combination  of  their  component  elements — a 
combination  of  three,  four,  or  more  to  form  one  compound,  which 
is  observed  only  in  organic  bodies,  and  in  them  only  during  life. 
Organised  bodies  moreover  are  constituted  of  organs, — that  is,  of 
essential  members  of  one  whole, — each  member  having  a  separate 
function,  and  each  deriving  its  existence  from  the  whole:  and  they 
\not  merely  consist  of  these  organs,  but  by  virtue  of  an  innate 
-power  they  form  them  within  themselves.  Life,  therefore,  is  not 
simply  the  result  of  the  harmony  and  reciprocal  action  of  these 
parts;  but  it  is  first  manifested  in  a  principle,  or  imponderable  mat- 
ter which  is  in  action  in  the  substance  of  the  germ,  enters  into  the 
composition  of  the  matter  of  this  germ,  and  imparts  to  organic 
(X)mbinations  properties  which  cease  at  death. 

Candiiions  necessary  far  the  manifestation  of  life. —  Vital 
stimuli. — The  action  of  the  vital  or  organic  force,  is,  however,  not 
independent  of  certain  conditions.  The  necessary  elementary  com- 
bination and  the  vital  principle  itself  may  be  present,  and  yet  not 
manifest  themselves  by  the  phenomena  of  life.  This  quiescent 
state  of  the  vital  principle,  as  it  is  seen  in  the  impregnated  germ  of 
the  egg  before  incubation,  or  in  the  seeds  of  plants  before  germi- 
nation, must  not  be  confounded  with  the  state  of  death;  it  is  also 
not  life,  but  a  specific  state  of  <«  capability  of  living."  Life  itself, 
namely,  the  manifestation  of  the  organic  or  vital  force,  begins  under 
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the  inflaence  of  certain  necessary  conditions:  thede  are  wantith, 
atmospheric  air  (in  ova  which  are  batched  in  water,  the  air  diffused 
through  the  water),  and  the  supply  of  moist  nutritive  matters, — that 
is  to  say,  of  nutriment  and  water;  and  these  conditions  do  not  cease 
to  be  necessary  for  the  continued  manifestation  of  life. 

The  ova  of  animals  and  plants  remain  in  the  state  of  <^germ" 
only  so  long  as  they  are  maintained  perfectly  quiescent  and  beyond 
the  influence  of  external  agencies;  they  remain  capable  of  de- 
velopment, and  retain  the  creative  force  of  the  germ,  but  this  force 
is  in  a  quiescent  state.  The  ova  of  animals  will  retain  for  a  loilg 
period  their  capability  of  development,  if  withdrawn  from  the 
influence  of  the  atmosphere  and  of  caloric*  Thus  the  productive 
power  of  the  germ  is  preserved  in  the  ova  of  many  insects  through 
the  winter,  and  the  ova  of  insects  of  transatlantic  countries  are 
hatched  in  the  botanic  gardens  of  Europe,  an  instance  of  which 
has  fallen  under  my  own  observation.  In  the  same  way  the  geir- 
minating  power  of  the  seeds  of  many  phanerogamic  plants  is  said 
to  be  preserved  under  water  for  twenty  years,  and  in  the  ground 
beyond  the  influence  of  the  atmospheric  air  for  one  hundred 
^ears.*  Treviranus  adduces  the  observations  of  Van  Swieten  that 
the  seeds  of  the  mimosa  have  germinated  at  the  end  of  twenty 
years,  and  beans  after  two  hundred  years;  and  he  cites  another  ob- 
servation, according  to  which  an  onion  taken  from  the  band  of  an 
Egyptian  mummy,  perhaps  two  thousand  years  old,  was  made  to 
grow.t  As  soon,  however,  as  it  is  subjected  to  the  external  in- 
fluences above-mentioned,  the  germ,  if  capable  of  development, 
becomes  developed,  or  it  undergoes  putrefaction;  while  the  already 
developed  organism,  when  the  conditions  necessary  for  its  further 
growth  fail,  either  falls  into  a  state  of  apparent  death,  as  in  hyber- 
nation, or  it  dies.  The  quiescent  vital  force  of  the  germ,  therefore, 
requires  no  external  stimuli  for  the  maintenance  of  its  passive  ex- 
istence; but  these  stimuli  are  very  necessary  for  the  developed  and 
active  life. 

Action  of  the  vital  siimuli. — The  external  conditions  which  are 
necessary  to  life,-^loric,  water,  atmospheric  air,  and  nutriment, 
at  the  same  time  that  they  maintain  life,  induce  constant  changes 
in  the  composition  of  the  organised  body;  themselves  combining 
with  the  body,  while  certain  old  components  are  again  decom- 
posed and  cast  offr^  These  external  agencies  have  been  called 
vital  stimuli;  they  inust,  however,  be  carefully  distinguished  from 
many  other  accidental  stimuli  which  are  not  essential  to  life;  and  it 
must  always  be  remembered,  that  these  vital  stimuli  produce  the 
phenomena  of  life  by  effecting  material  changes,by  producing  an  in- 
terchange of  ponderable  and  imponderable  matters.  The  essential 
combination  of  elements  in  the  fluids^  for  example  in  the  blood,  is 

*  Ann.  d.  Sc.  Nat  ▼.  p.  380. 
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by  their  agency  constantly  maintained,  and  the  blood  having  under- 
gone the  necessary  change  by  the  action  of  the  vital  stimuli,  in  its 
turn  stimulates  all  the  organs  of  the  body.    It  produces  in  them, 
by  the  interchange  of  ponderable  and  imponderable  matters,  cer- 
tain organic  changes  of  composition,  essential  to  the  manifestation 
of  life;  the  old  components  of  the  organs  being  at  the  same  time 
in  part  decomposed  and  cast  off.    In  animals,  the  nerves  also  eflfect 
important  << material''  changes  in  the  organs;  and  their  active  force, 
probably  an  imponderable  agent,  is  an  impoTtani  internal  vital 
stimulus.   The  property  of  organised  bodies,  of  undergoing  con- 
stantly, by  the  action  of  the  vital  stimuli,  certain  modifications  in 
the  combination  of  their  elements  necessary  to  the  manifestation 
of  life,  has  been  termed  incitabilitus,  excitability  (Reitzbarkeit]). 
Stimuli  may  be  regarded  as  tlie  iexteirnal  force  which  sets  in  motion 
the  wheels  of  the  whole  machine;  and  although  the  comparison  of 
the  animal  body  with  a  nfmi^ifie  may  not  be  very  apt,  yet  the  or- 
ganic principle,  which  in  the  organised  body  creates  the  mechanism 
necessary  to  life,  is  incapable  of  activity  without  this  external  im- 
pulse, that  is  to  say,  without  the  constant  material  changes  effected 
by  the  aid  of  the  external  vital  stimuli.    Richerand  has  not  unaptly 
compared  the  manifestation  of  life  with  the  phenomena  of  com- 
bustion and  flame,  which  endure  only  so  long  as  the  combina- 
tions and  decompositions  essential  to  combustion  take  place:  by 
the  union  of  oxygen  with  the  burning  body,  caloric  is  developed; 
and  so  long  as  oxygen  and  combustible  matter  are  supplied, 
the  phenomena  of  combustion  continue.    I  am  very  far  from 
making  life  dependent  on  a  kind  of  combustion;  I  merely  say, 
that  in  both,  certain  essential  combinations  and  decompositions  are 
constantly  going  on,  which  in  the  one  produce  the  phenomena  of 
combustion  and  light,  in  the  other  those  of  life;  that  vital  stimuli 
are  for  the  organised  body,  what  the  oxygen  of  the  atmosphere 
and  the  combustible   matter  are  for   the   phenomena  of  com- 
bustion; in  which  case,  however,  the  oxygen  is  not  called  the 
stimulus  of  the  flamj^.    I  must  add,  that  the  name  stimulus — vital 
stimulus — gives  an  empty  and  indeed  false  notion,  unless  the  ma- 
terial changes — the  constant  new  combinations  and  decompositions 
of  ponderable  and  imponderable  matters — induced  by  it  be  at  the 
same  time  kept  in  mind.    It  is,  however,  necessary  always  to  re- 
collect, that  although  inorganic  substances  come  into  play  in  the 
material  changes  effected  by  vital  stimuli,  binary  compounds  are 
not  generated  for  the  organism,  but  only  cast  off,  like  the  car- 
bonic acid  in  respiration,  as  the  result  of  the  decomposition  of  the 
old  matter;  while  the  oxygen,  which  in  the  process  of  respiration 
partly  enters  into  combination  with  the  blood,  produces  a  certain 
change  in  this  fluid,  which  in  its  turn  must  give  rise,  in  the  organs 
endowed  with  the  vital  principle,  to  "material'*  changes,  very 
different  from  those  presented  to  us  in  bodies  not  endowed  with 
life. 
These  general  essentials  of  life,  the  vital  stimuli,  or  renovating 
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(integrirende)  stimtili,  are  common  to  plants  and  animals.  For 
plants,  light  is  also  an  indispensable  vivifying  stimulus;  for  ani* 
mats,  although  the  want  of  its  influence  renders  the  body  scrofa* 
lous  and  rickety,  it  is  not  immediately  necessary,  as  is  proved  by 
the  habits  of  many  animals,  particularly  the  Entozoa;  and  its  ab* 
sence  is  only  so  far  injurious  as  it  modifies  the  other  essential  vital 
stimuli.  As  essential  for  animal  life,  there  must  be  not  merely 
the  assumption  of  new  matter,  but  more  especially  of  matter  al- 
ready organised.  Plants,  again,  take  up  as  nutriment  organised 
matters  partly  converted  into  binary  compounds,  and  change  these 
binary  into  ternary  compounds.  The  necessity  of  new  matter,  ca- 
loric, water,  and  atmospheric  air  for  the  development,  subsistence, 
and  growth  of  organised  bodies,  is  absolute. 

A  great  error  has  been  committed  in  classing  the  vivifying 
stimuli  with  other  stimuli,  which  do  not  really  contribute  to  the 
composition  of  organic  bodies,  and  do  not  renovate  their  powers. 
A  mechanical  stimulus,  which  modifies  the  condition  of  a  mem* 
brane  endowed  with  sensibility, — for  example,  pressure, — excites, 
it  is  true,  a  vital  phenomenon — sensation,  but  does  not  vivify, 
does  not  invigorate  the  organic  forces;  while,  on  the  contrary,  the 
essential  vital  stunuli  really  contribute  to  the  formation  of  organic 
matter.  Nutriment^  in  the  first  place,  is  not  merely  a  stimulus  of 
the  organic  body;  it  is  itself  susceptible  of  life,  it  is  a  stimulus 
which  vivifies,  and  can  itself  receive  vitality.  Man,  in  the  healthy 
state,  can  scarcely  dispense  with  food  longer  than  a  week  without 
fatal  consequences;  the  more  highly  organised  brutes  do  not  live 
many  weeks  without  it;  while  reptiles,  on  the  contrary,  (especially 
serpents  and  chelonians,)  have  been  known  to  fast  for  months. 
Watery  whether  it  enters  as  such  into  the  composition  of  the  or- 
ganic matters,  or  contributes  its  elements  to  their  composition,  is 
also  absolutely  essential,  in  its  uncombined  state,  to  the  manifesta- 
tion of  life;  since  the  animal  tissues,  unless  they  are  moist  with 
water,  are  incapable  of  living.  Atmospheric  air  is  so  essential 
for  the  manifestation  of  vital  phenomena,  that,  in  the  higher  ani- 
mals, life  does  not  subsist  a  moment  without  respiration,  without 
the  changes  in  the  blood  effected  by  respiration,  and  without  the 
influence  of  blood,  thus  changed,  upon  the  organs.  The  supply  of 
nutriment,  and  the  assumption  of  new  matter  from  the  blood  by 
the  organs,  may  be  suspended  for  a  considerable  time,  particularly 
in  reptiles;  but  this  other  change,  which  the  blood  efiects  in  the 
organs  by  virtue  of  its  aeration  in  the  lungs,  can  be  omitted  in 
reptiles  but  for  a  short  time;  in  man,  only  for  a  few  seconds.  Ca- 
laricy  lastly,  which  is  especially  important  at  the  time  when  the 
animal  system  is  itself  yet  unable  to  generate  any  heat,  but  is 
indispensable  for  all  organic  beings,  plants,  and  animals,  seems 
also  to  enter  into  the  composition  of  the  organic  system.  The  or- 
ganic processes  require  in  every  animal  and  plant  a  certain  tem- 
perature; and  it  is  also  known,  that  in  chemical  processes  among 
binary  compounds^  not  only  is  a  certain  temperature  required,  but 
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a  determinate  quantity  of  caloric  becomes  latent,  or  is  absorbed 
for  the  formation  of  new  prodncts.  Under  the  influence  of  the 
vital  stimuli, — ^nutriment,  water,  air  and  caloric, — the  organic  being 
is  developed  spontaneously  from  the  germ,  while  the  organic  matter 
present  in  it  is  constantly  undergoing  decomposition;  and,  thus 
the  phenomena  of  life  are  themselves  the  results  of  the  constant 
onion  of  new  and  separation  of  old  elements  of  the  organised 
matter,  and  of  the  consequent  changes  in  its  composition.  Whether 
electricity  also  is  necessary  to  the  development  of  life  is  at  present 
quite  uncertain. 

There  is,  however,  an  evident  difference  in  the  degree  in  which 
living  beings  are  dependent  on  different  vital  stimuli.  Dr.  W.  F. 
Edwards  has  observed,  that  newly  born  warm-blooded  animals 
have  most  need  of  external  warmth,  and  cannot  live  without  it;  while 
they  can  live  under  water,  without  breathing,  much  longer  than 
adult  animals.  The  time  that  they  can  remain  in  the  water  is 
longer  in  proportion  as  the  temperature  of  the  water  rises  from 
38^  to  68^  Fahr.;  remains  the  same  when  the  water  is  between 
68^  and  86°  Fahr.;  and  becomes  shorter  between  86^  and  104° 
Fahr.*  The  adult  animal  has,  according  to  the  vital  relations  of 
its  species  and  genus,  a  certain  temperature,  and  consequently  a 
certain  geographical  tract,  assigned  to  it  in  which  to  live. 

7%«  duration  of  excUabilily  without  the  application  of  vital 
atimuUy  is  generally  in  the  inverse  ratio  of  the  perfection  of  the 
organisation.  The  simplest  animals  can  longest  dispense  with 
these  stimuli  Mollusca  and  insects,  as  well  as  the  scorpion,  have 
been  kept  for  months  without  food.t  Serpents  and  tortoises  also 
live  for  months  without  food,  while  man  in  the  healthy  state  can 
scarcely  survive  a  week.  Several  insects  will  live  for  days  in 
mephitic  gases;  the  larvae  of  the  cestrus,  for  example,  according  to 
Ae  experiments  of  Van  der  Kolk,  live  for  a  long  period  in  irrespi- 
lable  gases.  Molluscous  animals  have  been  kept  during  twenty- 
fonr  boon  under  the  air-pump.  Reptiles,  and  amphibia  also,  live 
a  very  long  time  without  respiring;  in  water  deprived  of  its  air 
they  survive  some  few  hours,  according  to  Spallanzani  and  Ed- 
wards, and  in  water  still  containing  air,  from  ten  to  twenty  hours: 
iirogs,  the  lungs  of  which  I  had  extirpated,  lived  thirty  hours.  The 
numerous  accounts,  however,  of  toads,  &c.  having  been  found 
living  in  blocks  of  marble,  and  in  trees,  are  to  be  regarded  as 
instances  of  deception  and  credulity;  for,  although  Herissaut  and 
Edwards  kept  such  animals  alive  for  some  little  time  enclosed  in 
gypsum,  the  latter  observer  is  convinced  that  gypsum  is  permeable 
to  atmospheric  air;  for,  when  the  reptiles  were  surrounded  both  by 
gypsum  and  mercury,  they  died  as  quickly  as  if  under  water.^ 

*  Edwards,  De  rinflaeDce  des  agens  physiques  sar  la  vie.    Frorieps  Notix. 
150, 151.    See  alto  Legalloia,  Ezper.  sar  le  principe  de  la  vie. 
t  See  mj  paper  on  the  Scorpion,  in  Meckers  ArchiT.  1828. 
t  Kdwnds,  ui  MsekeFs  AichiT.  iii.  617. 
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The  greater  complication  of  the  organisation  increases  the  state  of 
dependence  of  the  organs  on  each  other.  Simply  oi^nised  ani- 
mals therefore  live  longer  after  injuries,  than  animals  higher  in  the 
scale.  Revival  from  the  state  of  apparent  death,  or  asphyxia,  is 
much  more  easy  in  the  lower  animals.  Spallanzani  and  Fontana 
saw  wheel-animalcules,  which  had  been  desiccated,  recover  the 
appearance  of  life  on  being  moistened  with  water.  Ehrenbei^, 
however,  denies  that  this  could  occur.  Steinbuch  and  Bauer  have 
observed  the  same  fact  with  regard  to  the  Vibriones  of  diseased 
wheat  and  of  an  Agrostis;  these  revived  when  the  grain  was  moist- 
ened, after  an  interval  of  years.  After  the  most  severe  injuries, 
reptiles  present  signs  of  life  for  a  long  time;  and  the  long  persistence 
of  irritability  in  the  muscles  and  nerves  of  these  animals  is  well 
known.  The  signs  of  life  continue  for  a  longer  period  in  young 
animals  also,  probably  on  account  of  the  greater  simplicity  of 
their  structure.  In  the  embryos  of  rabbits,  I  have  seen  muscular 
irritability  continue  longer  after  death  than  in  adult  rabbits;  and  a 
foetal  rabbit  removed  from  the  uterus,  retained  its  Ufe  for  fifteen 
minutes  under  the  air-pump.  On  this  point,  Legallois  has  made 
some  interesting  experiments:  he  found,  that,  on  killing  rabbits  by 
immersion  in  water,  excision  of  the  heart,  or  opening  the  thorax, 
on  the  first,  fifth,  tenth,  and  so  on  every  fifth  day  until  the  thirtieth 
day  afler  birth,  that  the  duration  of  sensibility  was  less  every  fifth 
day,  so  that,  while  on  the  first  day  it  continued  fifteen  minutes,  on 
the  thirtieth  day  it  endured  only  two  minutes  and  a  half.  Liegal- 
lois  observed  the  same  relation  with  regard  to  the  persistence  of 
the  circulation  after  the  spinal  cord  was  destroyed,  and  the  head 
cut  off.  All  these  facts  are  fully  explained  by  the  law,  that  the 
more  developed  the  individual  parts  of  a  whole  are,  the  more  de- 
pendent they  must  be  one  upon  the  other. 

Organised  bodies  are  subject  to  death. — While  life  is  continued, 
with  an  appearance  of  immortality,  from  one  individual  to  another, 
the  individuals  themselves  perish:  but  if  all  the  individuals  of  a 
species  are  destroyed,  the  species  itself,  whether  of  animals  or 
plants,  becomes  extinct,  as  the  history  of  the  earth  proves.  The 
vital  or  organic  force  flows,  as  it  were,  in  a  stream  from  the  pro- 
ducing parts  into  those  ever  newly  produced,  while  the  old  parts 
perish.  This  is  well  described  by  Autenrieth: — «  Those  oi^anised 
bodies  only,"  he  says,  "  which  constantly  strike  fresh  roots, — as 
the  creeping  plants,  for  example,  by  means  of  runners,  or,  as  many 
trees,  by  means  of  descending  branches, — do  not  die.  In  all  these 
cases  the  new  sprout  forms,  at  one  period,  a  part  of  the  old  indi- 
vidual, at  the  same  time  that  it  is  a  new  and  independent  being. 
But  even  in  these  plants  the  old  stem  always  perishes,  and  the 
vital  farce  continues  active  only  in  the  new  offset,  which  in  its 
turn  continues  to  extend  itself  on  the  one  side,  while  it  dies  on  the 
other.  What  here  takes  place  connectedly, — namely,  the  decay 
on  the  one  side,  and  the  formation  of  a  new  living  body  on  the 
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.Other, — is  effected  in  aa  interrupted  manner  in  man  and  the  more 
perfect  animals.  The  young  is  separated  from  the  parent  as  a 
new  living  body,  before  the  old  being  perishes:  and  the  original 
individual  dies,  while  the  species  seems  to  be  immortal.'^"* 

Cause  qf  death. — Why  organised  bodies  perish,  and  why  the 
organic  force  is  transferred  from  the  producing  parts  of  organic 
beings  to  the  young  living  products,  while  the  old  producing  parts 
■perish,  is  one  of  the  most  difficult  problems  of  general  physiology.^, 
We  cannot  solve  it,  but  can  only  describe  \\^  successive jphenomena. 
it  would  not  be  sufficient  to  say  that  inorganic  influences  gradually 
destroy  life;  for  in  that  case  the  vital  force  would  begin  to  diminish 
from  the  very  commencement  of  existence;  and  it  is  well  known 
that  at  the  time  of  virility,  the  vital  force  is  in  such  a  state  of  per- 
fection that  it  multiplies  itself  by  the  formation  of  germs.  There 
must  then  be  some  other  more  occult  cause,  which  induces  the 
death  of  the  individuals,  while  it  insures  the  propagation  of  the 
Tital  force  from  one  individual  to  another,  and  in  this  way  secures 
it  from  perishing.  It  might  be  asserted,  that  the  increasing  fragility 
of  organic  bodies  in  old  age  arises  from  the  increasing  accumula- 
tion in  them  of  certain  products  of  the  decomposition  of  the  organic 
substance,  the  chemical  affinity  of  which  products  at  last  balances 
the  vital  or  organic  force;  but  in  that  case,  also,  the  vital  force 
must  diminish  from  the  very  commencement  of  life.  Dutrochet 
supposes  old  age  to  depend  on  an  increasing  accumulation  of 
oxygen  in  the  animal  body,  but  there  is  no  proof  of  such  accumu- 
lation taking  place.  All  that  can  be  done,  therefore,  is  to  show  the 
connection  of  these  phenomena  with  development.(a) 

JVhjf  organic  matter  perishes. — The  cause  of  the  constant  de- 
struction of  the  matter  of  organic  bodies  during  life,  and  of  the 
necessity  for  its  being  replaced  by  new  organic  matter,  is  the 
second  point  to  be  investigated,  and  which  is  embarrassed  by  the 
same  difficulties  as  the  preceding  one. 

It  is  most  consonant  with  facts  to  suppose,  that  the  matter 
assimilated  to  an  organised  body  becomes  endowed  with  the 
organising  power  at  the  moment  that  it  is  organised.  The  or- 
ganising force  itself  is  in  many  simple  organic  beings  divisible, 
by  division  of  the  organised  matter.  *  We  are  thus  led  to  the 
very  opposite  conclusion  to  that  of  M.  Sniadecki.t  He  maintains 
that  the  matter  loses  its  capacity  for  life  in  proportion  as  it  is  en- 
dowed with  life.  We  say,  matter  becomes  vivified  in  proportion 
as  it  has  experienced  the  vivifying  force;  it  acquires  the  power  of 
imparting  life  to  other  matter  in  proportion  as  it  is  itself  vivified; 
and  it  exercises  this  power  while  acted  on  by  certain  vital  stimuli, 

•  Aotenreith,  Physiol,  i.  113. 

(a)  The  roasooing  on  this  point  is  so  much  in  a  circle,  that  its  omission  will 
be  no  loss  to  the  student  who  craves  facts  rather  than  specalations. 
t  Theorie  der  organischen  Wesen,  aos  dem  Polnischen.    Nomberg,  1631. 
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whtchy  while  they  unite  with  the  oi^nised  tissues,  cause  the  sepa* 
ration  and  excretion  of  other  substances.  Certain  vital  stimuli 
entering  the  blood,  as  in  the  process  of  respiration,  and  then  exert- 
ing  their  influence  on  the  organised  tissues,  cause  the  affinity  be- 
tween certain  elements  of  the  organised  matter  and  the  blood  to 
become  greater  than  that  between  the  diiferent  elements  of  the 
organised  matter  itself.  The  vivification  by  vital  stimuli,  and 
the  consequent  separation  of  effete  material,  render  the  organised 
matter  capable  of  receiving  nutriment;  but,  in  proportion  as  a  por- 
tion of  new  matter  has  life  imparted  to  it,  it  acquires  the  faculty  of 
giving  life  and  organisation  to  other  matters:  it  does  not  become 
excrementitious;  on  the  contrary,  it  participates  in  the  organising 
force  of  the  original  body. 

The  cause  why  organic  substances  are  being  constantly  decom- 
posed and  cast  off  from  the  animal  body,  might  at  first  sight  be 
thought  to  lie  in  the  following  circumstance:— In  the  conversion  of 
the  food  into  matters  proper  for  the  nutrition  of  the  body,  some 
substances,  from  containing  an  excess  of  useless  elements,  must  be 
necessarily  ejected  again.  Thus  plants,  in  forming  ternary  vegeta- 
ble compounds  from  carbonic  acid  and  water,  give  out  their  super- 
fluous oxygen.  In  animals,  the  only  excrementitious  matters  of 
any  consequence,  which  are  quite  useless  in  the  organic  system, 
are  carbonic  acid  and  the  urine.  The  excretions  of  animals,  it  is 
true,  nearly  equal  in  quantity  the  matter  taken  into  the  body;  but 
they  are  only  in  part  entirely  useless  excreta:  many  are  destined  for 
particular  purposes,  or,  as  is  the  case  with  the  mucus  of  the  intes- 
tines and  perhaps  also  the  bile,  are  evacuated  accidentally  with 
other  excreta.  The  fsBces,  again,  consist  partly  of  substances  taken 
as  food;  whereas  the  urine  and  carbonic  acid  are  separated  from 
organised  tissues,  and  are  perfectly  useless  to  the  system.  The 
urine  certainly  varies  in  its  composition  according  to  the  nature  of 
the  food  taken,  and  therefore  evidently  contains  useless  components 
of  the  yet  unorganised  food.  But  its  essential  composition  remains 
unaltered  in  animals  which  live  without  food  even  for  months,  as 
many  reptiles,  serpents,  and  tortoises  will  do.  Urea  has  been  found 
in  the  blood  of  dogs  killed  ten  days  after  the  secretion  of  urine 
had  been  arrested  by  ligature  of  the  nerves  of  the  kidneys;  evea 
though,  for  several  days  before  the  operation,  the  animal  had  been 
fed  only  on  substances  perfectly  free  from  nitrogen.  The  urine 
must,  therefore,  be  a  means  of  carrying  out  of  the  system  parts  of 
the  organised  components  which  have  become  useless;  and  it  is 
evident  that  the  vital  actions  themselves  are  attended  with  decom- 
position of  organic  matter.  Thus  even  the  pupae  of  insects  at  the 
period  of  their  transformation,  when  they  take  no  nourishment, 
afford  excrementitious  matter  by  means  of  the  Malpighian  vessels; 
and  Wurzer,  Brugnatelli,  and  M.  Chevreul  have  shown  us  that 
these  vessels  secrete  lithic  acid.  The  embryo  of  the  higher  animals, 
also,  forms  a  peculiar  excretion  by  means  of  the  Wolffian  bodies,  even 
before  the  kidneys  have  assumed  their  proper  function^    It  is  re- 
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markable  that  urea  and  lithic  acid  are  excreted  by  many  inverte- 
brate animals  as  well  as  by  the  vertebrate;  thus,  insects,  as  we  have 
said,  secrete  lithic  acid  by  the  Malpighian  vessels,  and  M.  Jacobson 
has  discovered  the  same  substance  in  a  special  excretory  organ  in 
molluscous  animals.  We  have  not  the  most  distant  conception  of 
the  cause  which  renders  the  reciprocal  action  of  the  atmospheric  air 
with  the  living  body  so  necessary  to  life;  but  the  hypothesis,  that  re- 
spiration supplies  the  elements  continually  required  for  the  forma- 
tion of  animal  matter,  or  removes  the  elements  superfluous  to  this 
compound,  is  refuted  by  the  facts  that  most  animals  take  the  animal 
matter  ready  formed,  and  that  reptiles  continue  to  respire,  to  con- 
sume the  oxygen  of  the  air,  and  to  exhale  carbonic  acid,  even  al- 
though they  may  take  no  food  for  months. 

The  excretions  which  are  being  constantly  formed  by  the  vital 
process  even  without  food  being  taken;  namely,  carbonic  acid, 
urea  and  lithic  acid,  are  incapable  of  nourishing  other  animals. 
Carbonic  acid  is  a  binary  compound  formed  by  the  decomposition 
of  animal  matter:  urea  is  very  analogous  to  a  binary  compound, 
and  is  perhaps  really  one;  at  all  events,  Woehler  has  shown  that 
it  is  produced  from  cyanite  of  ammonia  with  extreme  ease.  As 
these  excretions  are  constant,  even  when  the  supply  of  nutriment 
ia  stopped,  it  necessarily  follows  that  a  constant  decomposition  of 
the  substance  of  the  body  is  essentially  connected  with  life.  It 
cannot  indeed  be  otherwise,  since  it  has  been  shown  that  the  vital 
force  is  manifested  in  an  animal  only  while  certain  vital  stimuli 
produce  in  the  living  tissues  constant  changes  in  the  combination 
of  the  elements,  of  which  the  phenomena  of  life  arc  merely  the 
external  signs,  just  as  flame  is  the  appearance  resulting  from  the 
changes  efiected  in  combustion.  The  impulse  to  these  changes  is 
given  by  respiration;  the  blood,  undergoing  a  constant  change  by 
the  respiratory  process,  in  its  turn  eflects  constant  changes  of  com- 
position in  the  organs  to  which  it  is  distributed:  from  the  former 
coniponents  of  the  tissues  are  focmed  the  general  products  of  de- 
composition,— carbonic  acid,  and  the  substances  so  rich  in  nitrogen 
which  are  found  in  the  urine,  urea,  and  lithic  acid;  and  this  de- 
composition of  the  materials  of  the  body,  which  constantly  attends 
the  vital  process,  in  its  turn  renders  necessary  the  supply  of  new 
nutritive  matters,  which  are  subjected  to  the  organising  force.  An 
organised  part  presents  vital  phenomena,  and  organises  new  matter 
only  while  it  is  subject  to  the  constant  action  of  organic  aflinity 
between  the  blood  and  the  components  of  its  tissues;  by  which 
action  decomposition  of  a  part  of  the  organic  matter  is  induced, 
while  the  place  of  this  material  of  the  tissues  is  again  supplied  by 
the  action  of  the  organic  force  upon  the  nutritive  matters  circu- 
lating in  the  blood. 

Sources  of  new  organised  matter  and  vital  force. — The  nutri- 
ment of  animals  consists  of  organic  matters,  animal  and  vegetable; 
the  nutriment  of  plants  consists  partly  of  vegetable  and  animal 
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matters  not  wholly  decomposed,  and  partly  of  binary  compounds, 
namely,  carbonic  acid  and  water.  It  has  been  imagined  that  plants 
can  nourish  themselves  from  carbonic  acid  and  water  alone;  the 
experiments  of  Hassenfratz,  M.  de  Saussure,  Oiobert,  and  Link, 
have  proved  however  that  plants  under  these  circumstances,  if 
they  grow  at  all,  do  so  very  imperfectly,  and  seldom  flower  and 
bear  frnit.*  It  appears,  therefore,  that  it  is  only  when  they  are  at 
the  same  time  nourished  by  organic  compounds  in  solution,  which 
have  not  wholly  undergone  decomposition,  that  plants  generate 
organic  matter  from  binary  compounds. 

The  power  of  generating  organic  from  mineral  compounds  can- 
not, however,  be  entirely  denied  to  plants;  for,  were  it  not  for  this 
power,  the  vegetable  and  animal  kingdoms  would  soon  perish. 
The  unceasing  destruction  of  organic  bodies  presupposes  the  for- 
mation  by  plants  of  new  organic  matter  from  binary  compounds 
and  elementary  substances. 

Now,  by  the  growth  and  propagation  of  organised  bodies,  the 
organic  force  seems  to  be  multiplied;  for,  from  one  being  many 
others  are  produced,  and  from  these  in  their  turn  many  more; 
while,  on  the  other  hand,  with  the  death  of  organised  bodies  the 
organic  force  also  seems  to  perish.  But  the  organic  force  is  not 
merely  transmitted  from  one  individual  to  another,— on  the  con- 
trary, a  plant,  after  producing  yearly  the  germs  of  very  many 
productive  individuals,  may  still  remain  capable  of  the  same  pro- 
duction. Hence  the  source  of  the  increase  of  the  organic  or  vital 
force  would  likewise  seem  to  lie  in  the  organisation  of  new  matter; 
and,  if  this  be  admitted,  we  must  suppose  that  plants,  while  they 
form  new  organic  matter  from  inorganic  substances  under  the  in- 
fluence of  light  and  caloric,  are  also  endowed  with  the  power  of 
•increasing  the  organic  force  from  unknown  external  sources,  and 
that  animals  also  in  their  turn  generate  the  organic  force  from  their 
nutriment  under  the  influence  of  the  vital  stimuli,  and  distribute  it 
to  the  germs  during  propagation*  Whether,  during  life,  the  organic 
force,  as  well  as  the  organic  matter,  is  constantly  suffering  destruc- 
tion, is  quite  unknown.  Thus  much,  however,  seems  certain,  that, 
at  the  death  of  organic  bodies,  the  vital  force  is  resolved  into  its 
general  natural  causes,  from  which  it  appears  to  be  generated 
anew  by  plants.  If  this  increase  of  the  vital  principle  in  existing 
organised  bodies  from  unknown  sources  in  the  external  world  be 
rejected,  the  apparently  endless  multiplication  of  the  vital  force  in 
the  processes  of  growth  and  propagation,  must  be  regarded  as  a 
mere  evolution  of  germs  encased  one  within  another,  or  it  must  be 
admitted  that  the  division  of  the  organic  force  which  takes  place 
in  propagation  does  not  weaken  its  intensity;  a  supposition  which 
appears  absurd.  But  the  fact  would  still  remain,  that,  by  the  death 
of  organised  bodies,  organic  force  is  constantly  becoming  inert,  or 
resoWed  into  its  general  physical  causes. 

*  Tiedemann,  Physiolog.  i.  318.    Translation,  p.  63, 
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Differences  beitveen  plants  and  animals. — Development, 
growth,  excitability,  propagation,  and  decay,  are  the  general  phe- 
nomena and  properties  of  all  organised  bodies,  and  are  the  results 
of  organisation;  but  there  are  other  properties  peculiar  to  animals, 
which  may  therefore  be  termed  animal  in  contradistinction  to  the 
general  organic  properties.  Sensation  and  voluntary  motion 
are  the  remarkable  animal  properties. 

Plants,  it  is  true,  are  not  wholly  without  motion:  for  their  or- 
ganisation is  attended  with  internal  movements,  as  in  the  circulation 
of  the  sap;  their  turning  spontaneously  towards  the  light,  the  ex- 
tending of  their  roots  in  the  direction  of  the  most  nutritious  soil. 
Some  plants  climb  along  the  surface  of  bodies  which  offer  them 
means  of  attachment,  and  their  stamens  incline  towards  the  pistil 
at  the  time  of  impregnation.  Many  indeed,  particularly  those  of 
the  genus  Mimosa,  possess  in  their  leafstalks  a  power  of  motion 
which  can  be  excited  by  various  irritants,  whether  mechanical* 
galvanic,  or  chemical — such  as  alcohol,  mineral  acids,  sether,  and 
ammonia, — as  well  as  by  change  of  temperature  or  light;  thus 
affording  another  instance  of  the  general  law,  that  the  specific  ex- 
citable properties  of  organic  bodies  do  not  vary  in  the  mode  of  their 
manifestation  according  to  the  nature  of  the  stimulus  which  ex- 
cites them,  but  are  manifested,  each  in  its  peculiar  manner,  on  the 
application  of  the  most  different  stimuli.*  In  the  Hedysarum 
gyrans  there  is,  besides  the  general  influence  of  light  on  the  motion 
of  the  larger  middle  leaflet,  an  incessant  rising  and  falling  of  the 
two  lateral  leaflets,  independent  of  external  stimuli;  and  some  of 
the  lower  vegetables — the  Oscillatoria,  for  example, — present  a 
constant  vibratory  motion.  The  twining  of  certain  plants  is  sup- 
posed by  Palmt  to  be  dependent  on  their  mode  of  growth  causing 
the  extremity  of  the  branches  to  describe  circles,  and  thus  enabling 
them  to  lay  hold  on  near  objects;  but,  however  this  may  be,  the 
fact  that  the  Cuscuta  twines  only  around  living  plants,  seems  to 
show  that,  in  it,  this  motion  is  in  some  measure  de]>endent  on 
oi^anic  attraction;  and  the  motions  of  stamens  and  leafstalks  have 
too  much  resemblance  to  the  irritability  of  muscles,  not  to  be  com- 
pared with  it. 

There  are  then,  in  plants,  organs  which,  by  their  movements,  re- 
semble either  the  muscles  or  the  erectile  parts  of  animals;  but  there 
is  this  difference,  that  the  motions  of  animals  are  produced  not 
merely  by  the  direct  action  of  a  stimulus  on  irritable  parts,  but 
also  by  the  internal  operation  of  parts  not  endowed  with  motion, 
namely,  the  nerves,  on  those  which  have  motion.  Dutrochet,  it  is 
true,  has  observed  that,  when  he  directed  the  focus  of  a  burning- 

•  Treviranas,  Bioloflrie,  t.  201 ,  229. 

t  Palm,  uber  das  Winden  der  Pflanzen,  p.  48. 
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glass  on  a  single  leaf  of  the  Mimosa^  the  impression  was  propa* 
gated  gradually  to  the  other  leaves;  and  he  considers  the  false 
trachea&y  or  ducts,  to  be  the  organs  which  transmit  this  influence. 
But,  as  Treviranus  justly  remarks,  this  is  a  mere  hypothesis;  for 
other  observers  have  perceived  only  the  local  effect  of  concentrated 
light,  and,  besides,  the  shock  produced  by  the  local  motion  may  ba 
sufficient  to  excite  motions  throughout  the  whole  plant. 

Another  remarkable  character  of  a  part  of  the  motions  of  animals 
is,  that  they  are  excited,  not  merely  in  accordance  with  the  har« 
monious  action  of  the  whole  organism,  but  by  the  voluntary  openu 
tion  of  a  single  organ,  namely,  the  organ  of  the  mental  faculties;— • 
they  are  voluntary.  Irritability,  again,  must  not  be  confounded 
with  sensibility.  Plants  are  irritable,  but  not  sensible;  the  muscles 
also  when  separated  from  the  animal  body  are  still  irritable,  but 
they  are  not  sensible.  Plants  cannot  be  affirmed  to  possess  sen^« 
bility,  unless  they  manifest  consciousness.  Manifestations  of  sen- 
sation and  voluntary  motion  are  the  sole  characteristic  mark  of  the 
simplest  animals.  Compound  animals  have  often  a  ramified  and 
vegetable  form,  and  are  fixed  by  a  stem  to  the  ground;  the  indi- 
vidual faculties  of  the  single  polypes, — the  voluntary  motion  of 
each  polype,— indicate,  however,  that  they  have  an  animal  organi- 
sation, {organisatio  animalis  tnultiplicaiaj)  and  by  no  means 
that  of  vegetables.  The  movements  of  Infusoria  are  free  and 
voluntary.  It  would  appear  from  the  researches  of  Nitzsch,*  that 
some  vegetable  and  animal  products  of  infusions  are  very  closely 
allied  to  each  other.  Thus  the  Bacillaria  pectinalisj  and  other 
species  of  this  genus,  would  seem  to  have  completely  the  charao- 
ters  of  plants;  while  other  species,  again,  have  the  characters  of 
animals.  Ehrenberg,  however,  seems  not  to  admit  the  existence 
of  such  a  relation  between  the  two  kingdoms;  he  remarks,  also,  that 
the  active  movements  of  Algae  should  not  be  regarded  as  proofs  of 
animal  Ufe,  for  he  has  never  seen  their  moving  sporules  take  the 
slightest  solid  nutriment 

The  sensations  and  other  incitements  to  voluntary  motion, — the 
true  animal  functions,  in  fact, — are  dependent  on  the  nervous 
system.  The  organs  of  animals  manifest  as  great  a  dependence 
on  the  nerves  as  plants  on  light.  Nerves  were  known  to  exist 
in  all  vertebrated  animals,  but  they  had  been  discovered  in  a  part 
only  of  the  invertebrated;  and  the  opinion  was,  till  recently,  very 
general,  that  the  lower  animals  had  no  nerves,  and  that  all  the 
functions  of  sensation,  motion,  and  digestion  were  performed  by 
the  same  particles  of  their  simple  structure.  The  great  divisibility 
of  the  lower  animals  seemed  indeed  to  justify,  in  some  measure, 
this  conclusion.  The  nerves  were  not  known  to  exist  in  the  Infu- 
soria, Polypifera,  Ecalepha,  and  most  of  the  Entozoa.  But  Otto 
had  already  described  the  nervous  system  of  the  Strongylus  gigasj 
a  worm  of  the  kidney.    In  the  round  worm,  the  nervous  cord 

*  Beitrage  sar  infasorienkande.    Halle,  1817. 
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between  the  tvo  rascular  trunks  is  very  evident  Mehlis  has 
described  the  nervous  system  of  Distoma  hepaticumj  Nordmann 
that  of  the  Pentastoma  and  Diplozo5n.  There  is  no  doubt  but  it 
exists  in  all  the  intestinal  worms.  Tiedemann  discovered  the  ner- 
vous system  of  the  Echinodermata;  at  least,  that  of  the  Asterias. 
Lastly,  Ehrenberg*  has  shown  the  existence  of  a  complex  struc* 
ture  in  the  lowest  animals,  the  Infusoria.  In  the  simplest  infusory 
animalcules,  Ehrenberg  has  discovered  a  mouth  and  compound 
stomach;  in  others,  mouth,  intestine,  and  anus.t  In  the  more 
perfect  Rototoria,  and  in  some  Infusoria,  Ehrenberg  has  even  de- 
scribed,  and  represented  very  distinctly,  a  kind  of  teeth  in  the 
mouth,  male  and  female  organs  of  generation,  muscles,  ligaments, 
a  trace  of  vessels  and  nerves,  and  eye-dots.  These  eye-dots  which 
Ehrenberg  believes  to  be  real  eyes,  and  which  he  has  discovered 
in  the  Medusa  and  the  Asterias,  are  of  especial  importance  for  the 
question  of  the  existence  of  a  nervous  system  in  the  simplest  ani- 
mals. On  the  head  of  Planarias,  in  which  no  nervous  system  has 
hitherto  been  discovered,  exactly  the  same  eye-dots  have  been 
seen  as  exist  in  many  Annelides  which  are  known  to  have  a  ner- 
vous system;  from  which  circumstance,  and  from  the  fact  that  the 
eye-dots  of  some  Nereides  are  really  formed  of  an  enlargement  of 
the  optic  nerve,  with  a  cup-like  covering  of  black  pigment,  it  is 
very  probable  that  the  Planariae  also,  and  indeed  all  the  lower 
animals  which  have  such  eye-dots,  really  possess  optic  nerves,  and 
consequently  a  nervous  system.  It  becomes  indeed  more  and  more 
probable  that  all  animals,  without  exception,  have  nerves.  The 
difficulty  of  distinguishing  them  in  the  Asterias,  and  in  several 
Mollusca,  teaches  us  that  we  must  not  attribute  too  much  import- 
ance to  the  fitct  that  even  in  larger  animals,  such  as  the  Actinia 
and  Medusa,  there  are  no  distinct  traces  of  this  system. 

Animals  are  distinguished* from  plants,  however,  not  merely  by 
sensation  and  voluntary  motion.  These  attributes  necessarily 
modify  the  other  functions  which  animals  possess  in  common  with 
pla'nta  This  is  very  beautifully  set  forth  by  Cuvier.  Vegetables, 
fixed  to  the  surface  on  which  they  grow,  absorb  immediately,  by 
their  roots,  the  nutritive  particles  of  the  fluids  which  permeate 
them;  animals,  on  the  contrary,  which  generally  are  not  fixed  to 
one  spot,  but  either  wholly  change  their  situation,  or  at  least,  as 
polypedes  of  a  solid  stem,  exert  voluntary  motion  to  seize  their 
food,  must  have  the  means  of  carrying  about  with  them  the  store 
of  fluids  necessary  for  their  nutrition.  By  far  the  greater  number 
have  an  internal  digestive  cavity ^  into  which  they  introduce  the 
matters  intended  for  their  nourishment,  and  from  the  parietes  of 

*  Orgmisation  der  Infasionsthierohen.    Berlin,  1830. 

t  The  aeciiTaey  of  M.  Ehrenberg's  description  of  the  digestiye  apparatas  in 
bis  so-named  Polygastrica,  has  recently  been  called  in  question.  See  Mr.  R. 
Jones's  Animal  Kingdom,  p.  57;  J.  Mayen  in  Muller's  Archiv.  1839,  p.  74;  and 
Dojardin,  Ann.  d.  Se.  Nat.  1838,  Not.;  and  Annals  of  Nat.  History,  May, 
1839. 
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which  arise  the  absorbent  vessels,  so  aptly  compared  by  Boerhaave 
to  true  internal  roots.*  In  some  animals  there  is  no  anus,  in  others 
the  existence  of  an  intestine  is  doubtful.  >  Nevertheless  Mehlis 
states,  in  opposition  to  the  common  belief,  that  in  the  Taenia  there 
is  a  vessel-like  intestine,  commencing  at  the  narrow  oral  orifice  and 
soon  becoming  bifurcated.  A  well-known  narrow  bifurcated  canal 
in  the  Echinorhynchus  is  supposed  to  be  the  intestine.  There  is 
another  cause  than  that  above  mentioned,  for  the  necessity  of  a 
special  cavity  for  the  first  process  of  assimilation  in  animals;  the 
food  of  animals  requires  to  be  dissolved.  The  nutriment  of  plants 
is  already  in  solution,  and  consists  partly  of  water  holding  carbonic 
acid  in  solution,  and  partly  of  the  dissolved  organic  matters  of  the 
soil,  humus.  The  observations  of  Boussingault  and  Payent  have 
shown,  that  nitrogen  also  contributes  in  some  important  manner  to 
the  nutrition  of  plants;  it  being  present  in  all  parts  of  them,  but  in 
especial  abundance  in  seeds  and  nascent  parts.  The  food  of  ani- 
mals, consisting  of  compounds  already  organised,  requires  to  be 
prepared,  comminuted,  and  dissolved;  hence  digestion  is  a  prepa* 
ratory  assimilation  of  the  food,  peculiar  to  animals. 

The  circulation  is  much  more  simple  in  plants  than  in  animals, 
and  in  them  it  is  never  performed  by  a  special  organ  for  the  distri- 
bution of  the  fluid; — they  have  no  heart.  In  some  simple  plants, 
there  is  a  rotatory  motion  of  the  sap  in  the  interior  of  internodia 
and  in  cells.  In  the  higher  vascular  plants,  Professor  Schultze]: 
has  discovered  a  continuous  motion  of  the  sap,  which  according  to 
him  is  a  true  circulation,  ascending  in  one  vessel,  and  descending 
in  the  other;  the  two  streams,  however,  communicating  by  cross 
branches  between  the  different  vessels.  This  circulation  is  quite 
distinct  from  the  ordinary  ascent  and  descent  of  the  sap.  The 
forces  on  which  it  depends  are  unknown.  The  motion  of  the  sap 
in  plants,  therefore,  seems  to  be  effected,  in  some  manner  at  present 
not  understood,  by  attraction  and  repulsion,  exerted  in  the  leaves 
on  the  one  hand,  and  in  the  roots  on  the  other.  It  is  certain,  how- 
ever, that  light  exerts  an  attraction  upon  the  sap,  since  it  evidently 
determines  the  growth  of  the  whole  plant. 

The  circulation  in  animals,  on  the  contrary,  derives  its  impelling 
force,  not  from  external  influences,  but  from  the  contraction  of  a 
central  organ,  the  heart.  It  is  still  uncertain,  whether  a  perfect 
circulation  is  an  absolute  condition  for  animal  organisation  and 
life;  at  all  events,  in  many  simple  animals,  neither  heart  nor  ves- 
sels have,  so  far,  been  discovered. 

The  tissue  which  exists  most  universally  in  vegetables,  namely, 
the  cellular  tissue^  one  function  of  which  is  the  transmission  of 
the  fluids  of  the  plant,  differs  essentially  from  the  cellular  tissue  of 
animals,  in  consisting  of  closed  cells,  while  the  cavities  of  the  inter- 

*  Cnvier,  Anatoniie  oompareey  t.  i. 
t  Coinptes  Rend  us.  t.  vi.  viii. 

t  Ueber  den  Kreislauf  des  Saftes  im  Schollkraot.  Berlin,  1823. — Die  Natnr 
der  lebendigen  Pflanze.   Berlin,  1883.— Annal.  des  Sc.  Nat.  U  zxii.  pp.  75, 79. 
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sticial  cellular  tissue  of  animals  communicate  with  each  other.  It 
voaldy  however,  be  incorrect  wholly  to  deny  the  existence  of  cellular 
tissue  with  closed  cells  in  animals;  for  such  vegetable-like  cellular 
tissue  exists  in  many  parts;  such,  for  example,  is  the  adipose  tissue, 
which  in  the  Ruminantia  is  even  polyhedral;  the  cellular  tissue  of 
the  vitreous  humour;  and  that  of  the  chorda  dorsalis  of  embryos, 
and  of  the  cartilaginous  fishes. 

The  most  remarkable  similarity  subsists  between  animals  and 
vegetables  in  the  process  of  the  development  of  their  tissues.  The 
observations  of  Mirbel  had  shown  that  all  the  forms  of  vegetable 
tissue  are  developed  from  cells  which  at  first  constitute  the  whole 
mass  of  the  tissue,  but  afterwards  undergo  various  changes  in  their 
shape  and  size,  so  as  to  be  converted  into  the  woody  fibre,  spiral 
vessels,  &c.  M.  Schleiden*  has  more  recently  traced  the  develop- 
ment of  the  vegetable  tissue  at  a  still  earlier  stage.  The  abundant 
gum  of  nascent  parts  of  plants — such  as  the  youngest  albumen  of  a 
seed  when  examined  by  the  microscope,  is  seen  to  be  turbid  from 
the  presence  of  minute  molecules.  Soon  larger  granules  are  also 
observed  in  it;  around  these  granules,  by  a  kind  of  coagulation,  larger 
bodies  are  formed,  the  <<  cytoblasts,''  in  which  the  above-mentioned 
granules  are  still  visible  as  nuclei.  When  the  cytoblast  has  attained 
its  full  size,  a  small  vesicle  appears  on  it;  this  enlarges  and  becomes 
the  cell,  in  which  the  cytoblast  is  for  a  period  still  visible,  either 
attached  to  its  wall  or  free  in  its  cavity.  In  some  cases,  the  cytoblast 
seems  to  be  permanent.  It  is  probable,  from  the  observations  of 
animal  physiologists,  and  particularly  of  Schwann,  that  the  process 
of  development  and  growth  of  the  tissues  of  animals  is  exactly  the 
same.  Nearly  all  the  tissues  have  been  shown  to  be  formed  from 
nucleated  cells,  previously  developed  in  a  homogeneous  formative 
mass.  The  order  of  development  of  the  cell  and  its  nucleus,  or 
cytoblast,  and  secondary  nuclei  within  this,  as  far  as  it  has  been 
observed,  appears  also  to  be  the  same  in  animals  as  in  plants.  Some 
of  the  tissues  of  animals,  like  the  cellular  tissue  of  plants,  retain  the 
cellular  form,  while  others,  like  the  more  highly  developed  vegetable 
tissues,  assume  different  forms. 

Respiration  affords  a  very  important  distinctive  character  between 
animals  and  plants.  In  plants,  and  in  the  most  simple  animals,  re- 
spiration is  performed  by  the  entire  surface,  but  in  the  more  perfect 
aniaials  the  surface  is  not  sufficient  for  the  necessary  aeration  of  the 
fluids,  and  an  organ  is  required,  which  in  a  small  space  shall  afford 
an  immense  superficies  for  contact  with  the  atmosphere.  The  pro- 
ducts of  respiration  in  the  vegetable  and  the  animal  kingdoms  are 
also  different.  In  plants  the  assimilation  of  nutriment  consists  partly 
in  the  conversion  of  binary  compounds,  carbonic  acid  and  water, 
into  ternary  compounds  of  the  elements  of  these  substances — into 
vegetable  matter  in  fact.  In  this  process  an  excess  of  oxygen  remains, 
which  is  then  exhaled  by  means  of  the  leaves.    The  leaves,  also, 

•  Muller,  Aichiv.  1838,  p.  137. 
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absorb  carbonic  acid  from  the  atmosphere,  as  has  been  proved  by 
the  researches  of  Priestley,  Scheele,  Ingenhouss,  Spallanzani,  Senne- 
bier,  Humboldt,  and  De  Saussure.  By  the  action  of  the  leaves,  the 
carbonic  acid  contained  in  the  atmosphere  is  decomposed;  the  carbon 
and  a  part  of  the  oxygen  combine  with  the  plant,  while  the  greatest 
part  of  the  oxygen  is  restored  to  the  air.  During  the  night,  and  in 
the  shade,  as  well  as  when  they  are  in  an  unhealthy  or  fading  con- 
dition, plants  absorb  a  part  of  the  oxygen  of  the  atmosphere  and 
exhale  carbonic  acid;  'but  the  quantity  of  carbonic  acid  thus  exhaled 
is  less  than  that  which  they  ordinarily  absorb  during  the  day.*  Re- 
spiration, then,  in  plants  appears  merely  to  serve  for  the  correction  of 
the  assimilating  process;  while  it  also  removes  from  the  atmosphere 
a  part  of  the  carbonic  acid  formed  by  animals,  and  yields  to  it  an 
abundance  of  oxygen.  Animals,  on  the  contrary,  are  nourished  by 
organic  matter  only,  not  by  inorganic  matter;  and  into  the  composi- 
tion of  their  substance  enter  not  only  carbon,  oxygen,  and  hydrogen, 
but  nitrogen  also,  which  in  many  plants  is  quite  wanting,  and  in 
others  exists  in  very  small  quantity.  It  has  been  mentioned  already 
that  nitrogen  has  recently  been  found  to  exist  very  generally,  and  in 
considerable  quantity,  in  plants:  one  source  whence  this  nitrogen  is 
derived  would  appear  to  be  the  atmosphere.t  From  the  circunoi- 
stance  that  a  large  quantity  of  animal  matter  is  constantly  undergoing 
putrefaction,  and  is  thus  converted  into  inorganic  chemical  com- 
pounds, while  animals  are  quite  incapable  of  generating  new  organic 
matter  from  simple  elementary  bodies  or  binary  compounds,  it  is 
evident  that  plants,  which  have  the  latter  power,  are  absolutely 
necessary  to  animals,  just  as  animals  on  the  other  hand  are  indis- 
pensable for  the  existence  of  plants;  for  animals  exhale  that  which 
Slants  inhale,  namely,  carbonic  acid;  and  inhale  that  which  is  exhaled 
y  plants,  namely,  oxygen.  Hence,  without  the  existence  of  the 
vegetable  world,  the  atmosphere  would  become  irrespirable  for 
animals;  while,  by  the  reciprocal  action  of  plants  and  animals,  the 
composition  of  the  atmosphere  is  preserved  nearly  absolutely  un- 
changed. 

Lastly,  plants,  having  only  one  mode  of  manifesting  life,  namely, 
by  vegetation,  do  not  require  manifold  organs  in  addition  to  their 
roots,  stem,  and  leaves;  and  with  the  exception  of  the  organs  of 
fructification,  present  merely  a  repetition  of  perfectly  similar  parts, 
in  all  of  which  the  simple  relation  of  branches  to  leaves  is  the  same; 
and  even  the  sexual  organs  are  evidently  allied  to  the  leaves,  and  in 
some  cases  are  transformed  into  them.  Moreover,  a  consequence  of 
plants  thus  presenting  before  fructification  merely  a  repetition  of 
similar  parts  united  by  one  stem  is,  that  each  of  these  parts  has  the 

*  Tiedemann's  Physiology,  Translation,  p.  118.— Gilby,  Edinb.  Phil.  Joorn. 
1821,  7.  Fungi  seem  to  constitute  an  exception  to  the  rest  of  yegetables  in  this 
resfjeet.  Marcet  found  that  mnshrooms  converted  the  oxygen  of  the  air  into  car- 
bonic acid,  both  during  day  and  in  the  night.  See  Lindiey^s  Botany,  p.  376,  3d 
•dition. 

t  See  the  report  on  M.  Boassinganlt's  paper,  in  the  Comptes  Rendns,  t  vi.  p. 
130. 
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power  of  becoming  in  its  turn  an  independent  living  body  when 
separated  from  the  rest  of  the  plant:  for,  besides  the  generation  by 
seedy  there  is  here  a  constant  propagation  by  shoots.  The  seed,  also, 
is  an  independent  part:  the  only  essential  point  in  which  it  differs 
from  a  shoot  being,  that  in  the  seed  the  vegetative  power  is  great, 
while  vegetative  action  is  very  imperfect,  or  even  does  not  exist. 

In  animals,  on  the  contrary,  the  reciprocal  action  of  circulation, 
respiration,  and  the  nervous  system,  is  actually  necessary  to  life. 
The  respiratory  movements  are  dependent  on  nervous  influence: 
but  the  nerves  do  not  exert  this  influence  unless  supplied  with  blood 
which  has  been  aerated  in  the  lungs;  and  the  blood  again  is  not 
sent  to  the  different  organs,  and  therefore  not  to  the  nerves,  without 
the  contractions  of  the  heart  are  performed;  while  the  heart  in  its 
turn  is  dependent  on  the  influence  of  arterial  blood  and  of  the 
nerves.  The  brain,  heart,  and  lungs,  therefore,  may  be  likened  to 
the  main  wheels  of  the  animal  machine,  each  acting  on  the  other, 
and  all  set  in*  motion  by  the  change  of  material  which  takes  place 
in  respiration.  The  growth  of  animals  also  is  not  effected  by  an 
external  protrusion  of  new  parts,  but  generally  by  enlargement  of 
the  whole  animal — by  increase  in  size  of  each  original  part,  internal 
as  well  as  external.  The  compound  polypiferous  animals  afford  the 
only  example  in  the  animal  kingdom  of  the  mode  of  growth  by  new 
shoots.  Most  animals,  and  especially  the  more  perfect,  do  not  con- 
stitute an  aggregate  of  similar  parts  united  by  one  trunk;  on  the 
contrary,  they  contain  parts  of  very  different  vital  properties;  and 
this  circumstance  renders  propagation  by  divsion  in  them  impossible, 
unless,  as  in  the  case  of  polypes  and  some  Annelida, — as  the  Nereides 
and  Naides, — each  of  the  separated  portions  still  contains  the  essen- 
tial parts  of  the  whole. 

In  the  foregoing  comparisons  my  special  object  has  been  to  show 
how  the  possession  of  new  properties  by  animals  modifies  in  them 
even  those  functions  which  are  common  to  them  and  plants. 

Classification  of  the  functions  of  animals. — The  comparison  of 
animals  with  plants  suggested  to  the  earlier  physiologists  their  mode 
of  arranging  the  functions  of  animals. 

The  functions  which  plants  and  animals  appear  to  possess  in  com- 
mon, have  been  called  organic  or  vital;  they  have  for  their  end  the 
production  and  maintenance  of  all  the  separate  parts  in  the  self- 
existing  whole.  They  are  the  manifestations  of  organic  affinity  in 
tlie  operations  of  the  organic  or  vital  force.  The  functions  which 
especially  distinguish  animal  beings,  namely,  sensation,  motion, 
thought,  &C.  appear  to  be  the  end  of  animal  existence;  they  would 
characterise  the  animal,  although  it  existed  only  a  moment.  The 
older  physiologists  named  them  animal^  in  contradistinction  to  the 
former,  or  the  organic  functions.  A  third  series  of  phenomena  coni- 
prehends  the  processes  which  lead  to  the  formation  of  new  germs  in 
an  individual,  and  to  the  separation  and  development  of  these  germs; 
and  which,  consequently,  have  for  their  object  the  preservation  of 
the  spedesi  while  the  individuals  perish. 
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The  above  mode  of  classification  has  its  advantages,  but  it  may 
give  rise  to  misconceptions.  The  force  which  determines  the  develop- 
ment of  the  germ  is  identical  with  that  which  is  the  source  of  the 
constant  preservation  and  renovation  of  the  individual.  The  pri- 
mary forces  of  the  animal  body  would,  therefore,  appear  to  be  the 
vegetative,  the  motor,  and  the  sensitive  forces;  but  it  is  a  question 
again  whether  even  this  is  not  an  artificial  division. 

We  can  conceive  that  the  essential  principle  of  vegetable  life, 
— the  vegetative  force, — may  be  combined  in  animals  with  other 
forces,  namely,  with  the  sensitive  and  motor,  or  with  the  nervous 
power,  if  the  contractile  power  of  the  muscles  is  regarded  as  de- 
rived from  the  nerves,  and  not  inherent  in  themselves.  It  may  be 
imagined  that  these  forces  are  united  in  the  germ,  and  that,  from  the 
period  of  development,  they  manifest  themselves  in  the  difierent 
systems  of  organs,  which  react  on  each  other;  so  that  the  vegetative, 
directed  by  the  nervous  force,  reproduces  and  constantly  preserves 
the  organs  of  nervous  life  as  well  as  other  parts,  while  the  nerves 
again  give  sensibility  to  the  parts  organised  by  the  vegetative  force. 
If,  however,  this  theory  be  reconsidered,  it  will  be  seen  to  involve 
contradictions. 

It  is  much  more  probable  that  these  apparently  distinct  forces 
are  merely  different  modes  of  action  of  one  and  the  same  ^^vis 
esaeniialis*^  resident  in  the  animal,  which  modes  of  action  are 
determined  by  the  different  composition  of  the  organs.  There  is 
indeed  an  absurdity  in  the  very  idea  that  the  nutritive  force  forms 
the  nerves,  and  that  the  action  of  these  nerves,  when  formed,  results 
from  a  force  distinct  from  that  which  formed  them.  The  vital  force 
creates  in  animals  all  the  essential  parts,  and  generates  in  them  that 
combination  of  elements,  the  result  of  which  is  the  power  of  motion 
and  sensation,  or  the  power  of  conveying  impressions  to  a  central 
part,  which  is  also  the  source  of  the  reflex  actions.  The  organs 
endowed  with  the  power  of  assimilating  matters  which  are  destined 
for  the  use  of  the  indivisible  whole,  the  organs  of  motion,  and  the 
parts  by  means  of  which  a  central  organ  receives  impressions  from 
all  the  other  organs,  and  transmits  its  reflex  actions,  are  only  the  dif- 
ferent products  of  this  first  and  sole  principle  of  animal  existence, — 
the  primum  movens,  which  produces  and  reproduces  all  parts  of  the 
body.  The  first  set  are  the  organs  subservient  to  the  renovation  of 
the  body,  the  second  the  muscles,  the  third  the  nerves.  Then  there 
are  also  parts  which  receive  from  the  creative  organic  force  merely 
the  physical  properties  of  hardness,  elasticity,  toughness,  &c. — such 
are  the  bones,  cartilages,  ligaments,  and  tendons. 

The  glands,  for  example,  by  nutrition  and  reproduction,  acquirer 
the  property  of  attracting  certain  parts  of  the  blood,  combining  them 
anew,  and  separating  them  from  that  fluid.  By  the  same  process  of 
nutrition  and  renovation,  the  muscles  acquire  the  property  of  con- 
tracting on  the  application  of  certain  stimuli, — a  property  which  is 
the  result  of  nutrition,  not  a  special  force  or  principle  distinct  firom 
the  organic  creative  force.  And,  in  the  same  manner,  the  nerves 
receive  as  the  result  of  nutrition  alone  the  power  of  manifesting  their 
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vital  phenomena.  Omitting  in  our  enumeration  those  parts  which 
receive  from  the  nutritive  force  merely  physical  properties,  the  en- 
dowments of  the  other  principal  systems  of  the  animal  body  may  be 
indicated  as  follows: — 

1.  Organs  which  change  the  chemical  composition  of  the  fluids 
for  the  purposes  of  the  general  system;  such  are  the  secreting  organs, 
the  blood-vessels  and  lymphatics,  and  the  lungs.  The  peculiar  func- 
tion performed  by  these  organs  is  not  nutrition,  for  this  is  performed 
in  all  the  oi^ansof  the  body,  but  the  change  of  the  organic  combina- 
tion of  the  elements  in  fluids  which  are  in  contact  with  them,  by  the 
influence  of  organic  affinity. 

3.  Muscular  arganSj  which  contract  when  acted  upon  by  certain 
influences,  their  fibres  becoming  flexed  in  a  zigzag  form  towards  the 
spot  where  a  change  of  their  substance  is  produced,  and  thus  short- 
ened. Haller  has  named  the  property  possessed  by  muscles,  of  con- 
tracting under  the  influence  of  mechanical,  chemical,  and  electric 
stimuli,  irritability;  and  the  irritability  of  Haller  can  be  ascribed 
to  no  other  than  muscular  parts,  while  other  structures  are  charac- 
terised by  the  phenomena  of  a  diflerent  kind  of  excitability.  By 
some  writers  this  term  of  irritability  has  been  greatly  misapplied; 
thus  they  have  spoken  of  an  irritability  in  the  nerves,  as  if  at  one 
time  their  irritability,  at  another  their  sensibility,  could  undergo  a 
change.  In  the  living  body  the  action  of  the  muscles  is  always  de- 
termined by  their  nerves;  and  every  cause  which  changes  the  com- 
position of  the  nerves,  although  but  slightly,  produces  a  discharge, 
as  it  were,  of  the  nervous  force;  and,  as  the  result  of  this,  a  contrac- 
tion of  the  muscles.  Hence  the  study  of  muscular  motions,  and  of 
spasmodic  and  paralytic  afiections  generally,  leads  to  the  investiga- 
tion of  the  laws  which  regulate  the  action  of  the  nerves.  Motion 
accompanies  all  changes  of  composition;  it  takes  place  in  the  pro- 
cesses of  formation,  nutrition,  and  secretion,  and  an  organic  afiinity 
exerted  between  the  blood  and  the  tissues  produces  the  motions 
which  accompany  turgescence  or  erection.  Muscles  are  not  the 
only  parts  capable  of  motion,  but  they  are  the  only  organs  which 
move  by  contraction  and  zigzag  flexure  of  fibres;  and  all  parts 
which  are  able  to  contract  in  this  manner,  although  not  essentially 
muscles,  derive  this  power  from  muscular  substance,  particularly 
muscular  fibres,  intermixed  with  their  tissue;  such  parts  are  the 
efferent  ducts  of  glands,  which  are  distinctly  contractile.  The  tissue 
which  gives  the  dartos  its  power  of  motion  may  be  supposed  to 
contract  by  the  inflection  of  its  fibres,  though  of  this  we  have  no 
proof;  but,  after  all,  we  may  doubt  that  muscular  fibres  in  all  cases 
shorten  themselves  by  zigzag  inflection.* 

8.  7%e  nerves  are  in  part  motor,  in  part  sensitive.  The  motor 
nerves  are  those  which,  under  the  influence  of  changes  in  their  con- 
dition so  slight  as  to  elude  the  perception  of  the  observer,  excite 
motions  in  the  muscles.  The  sensitive  nerves  are  those  which  have 
the  faculty  of  communicating  every  change  of  condition  which  they 

*  Sss  the  Clu^Cer  on  the  Moacalar  sad  Allied  Motions. 
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undergo  to  the  brain,  the  central  organ,  from  which,  again,  certain 
influences  are  transmitted  through  them  to  all  the  other  organs  of 
the  body.  Many  nerves,  arising  from  the  braia  and  spinal  marrow, 
are,  while  in  connection  with  these  organs,  voluntary  exciters  of 
motion  in  the  muscles;  while,  under  the  influence  of  a  change  in 
their  condition,  whether  the  connection  between  them  and  the  brain 
and  spinal  cord  is  still  maintained  or  not,  they  may  become  exciters 
of  involuntary  muscular  contractions.  Those  parts,  on  the  contrary, 
which  are  endowed  with  motion,  and  are  dependent  on  the  sympa- 
thetic nerve,  are  withdrawn  from  the  power  of  the  will,  and  are 
only,  in  a  certain  degree,  dependent  on  the  brain  and  spinal  marrow, 
through  the  medium  of  the  connection  of  the  sympathetic  nerve  with 
cerebral  and  spinal  nerves.  It  is  in  the  nerves  that  the  mobility  of 
the  organic  forces,  without  motion  of  the  ponderable  masses,  is  most 
manifest.  Their  operation  is  necessary  for  the  exercise  of  all  the 
functions  of  the  body;  since  all  parts  of  the  system,  through  the  me- 
dium of  changes  produced  in  the  nerves,  react  on  the  brain  and 
spinal  marrow,  and  receive  from  these  organs  certain  influences  ne- 
cessary for  their  peculiar  actions. 

These  systems  of  organs  are  interwoven  in  diflerent  ways  one 
with  another.  The  sensibility  of  any  part  is  owing  solely  to  the 
nerves  which  enter  into  its  composition:  the  organs  which  serve  to 
produce  chemical  changes  in  the  fluids,  if  contractile,  are  so  only  by 
virtue  of  the  muscular  fibres  which  they  contain;  and  whenever 
there  is  a  secretion  of  fluids  in  a  part  endowed  with  other  distinctive 
vital  properties,  a  peculiar  tissue  for  the  purpose  always  exists  there; 
such,  for  example,  is  the  case  in  the  organs  of  sense,  in  which  fluids 
are  secreted  by  special  tissues. 

Organic  attraction. — The  reciprocal  action  of  the  foregoing 
systems  of  organs,  and  their  nutrition  by  the  blood,  cannot  take 
place  without  the  manifestation  of  affinity  in  the  ponderable  and 
imponderable  matters,  together  with  organic  attraction.  A  know- 
ledge of  the  laws  of  this  attraction  would  be  of  the  greatest  im- 
portance; but  the  facts  relating  to  it  with  which  we  are  acquainted, 
although  remarkable,  are  very  few  in  number;  such  are  the  attrac- 
tion of  the  blood  to  parts  which  are  capable  of  erection,  and  which 
are  at  the  time  in  a  state  of  excitement,  and  that  remarkable  co- 
alescence of  two  germs  by  which  in  part  double  monsters  are  to  be 
explained.  Such  a  union  of  the  germs  could  not  have  taken  place 
without  an  attraction  having  been  exerted  between  similar  parts;  for 
in  almost  all  cases  the  monsters  are  united  by  their  corresponding 

f)arts,  face  with  face,  snout  with  snout,  either  by  the  anterior  oi: 
ateral  surface,  occiput  with  occiput,  either  by  the  middle  or  side, 
neck  with  neck,  breast  with  breast,  or  merely  belly  with  belly,  or 
side  with  side,  or  merely  buttock  with  buUock;  the  uniting  parts  of 
the  two  embryos,  in  these  cases,  always  becoming  single,  while  the 
cavities  of  the  two  are  double.  A  single  actual  observation  of  this 
organic  attraction  between  minute  parts  would  be  of  the  greatest 
importance.    But  all  my  endeavours  to  obtain  this  desideratum  by 
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experiment  have  been  fruitless:  I  placed  the  nerve  of  a  frog  exposed 
and  dissected  out  under  the  microscope,  and  watched  the  end  of  the 
nerve  while  surrounded  by  blood-globules;  again  I  placed  some 
semen  of  the  frog  with  portions  of  tlie  unimpregnated  ovum  under 
the  microscope;  but  in  neither  case  could  I  perceive  anything  like 
organic  attraction. 

Animal  excitability. — The  laws  of  the  excitability  of  organic 
beings  generally,  have  been  investigated  in  a  former  section;  and 
the  relations  which  the  vital  stimuli  bear  to  the  manifestations  of  life 
have  been  there  determined.  The  laws  of  the  excitability  of  ani- 
mals will  be  now  more  particularly  set  forth,  although  in  the  present 
state  of  science  it  is  scarcely  possible  to  throw  any  light  upon  this 
difficult  problem,  a  knowledge  of  which  is  so  desirable,  since  it  is 
here  that  practical  medicine  has  much  to  expect  from  physiology. 

Whether  the  vital  principle  or  organic  force  is  the  result  of  the 
combination  of  ponderable  and  imponderable  matters,  or  itself  de- 
termines and  maintains  the  peculiar  composition  of  organic  matter, 
it  is  an  ascertained  fact,  that  under  certain  circumstances  this  force 
becomes  strengthened  in  particular  organs,  the  action  of  which  then 
becomes  greater  and  more  continued;  as  is  observed  in  the  genital 
organs  during  pregnancy  and  the  sexual  ardour.  Thus  also  the 
oi^anic  force  is  observed  to  become  less  in  the  antlers  of  the  stag 
just  before  they  fall  off,  and  to  be  again  increased  when  they  are  re- 
produced in  an  organised  state.  An  accumulation  of  organic  force 
in  a  part  is  accompanied  by  an  increased  afflux  of  blood,  and  a  more 
abundant  conversion  of  blood  into  organised  matter.  Tiedemann 
remarks,  that  while  an  organ  is  in  an  excited  state,  the  chemical 
changes  in  its  substance  go  on  more  rapidly,  and  that  it  therefore 
attracts  more  quickly,  and  in  larger  quantity  the  blood,  which  alone 
is  able  to  render  a  part  capable  of  increased  vital  action.*  When, 
on  the  other  hand,  any  organised  part  has  suffered  a  lesion  from 
change  in  its  composition,  in  that  case  also  if  the  change  in  the 
organic  matter  has  not  been  too  great,  increased  action  ensues  for 
the  purpose  of  restoring  the  healthy  state.  Organised  beings  have 
the  power  of  preserving  in  all  parts  the  composition  necessary  for 
the  life  of  the  whole.  When  the  composition  is  disturbed,  the  cura- 
tive effect  of  this  power  is  manifested.  This  is  a  necessary  conse- 
quence of  the  law,  that  in  orgauic  bodies  there  is  a  constant  striving 
to  counteract  chemical  affinities.  Hence  the  increased  flow  of  blood 
to  an  injured  part  arises  from  the  organic  action  in  it  being  increased. 
The  antagonism  of  the  increased  brganic  process,  and  of  the  com- 
mencing tendency  to  decomposition  in  the  part,  is  seen  in  inflamma- 
tion. Inflammation  is  not  essentially  a  state  of  increased  action,  but 
is  compounded  of  the  phenomena  of  the  local  injury,  a  tendency  to 
decomposition  in  the  part  and  increased  vital  action  striving  to 
balance  the  destructive  tendency.  When  the  degree  of  change  of 
composition  in  the  animal  tissues  is  greater,  reaction  does  not  ensue, 

*  Tiedemann,  Physiologie,  1.  326. 
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and  inflammation  is  not  produced;  such  is  the  case  in  death  by  nar- 
cotic poisons.  When  inflammation  does  occur«  the  change  produced 
by  the  injury  may  soon  become  so  great  that  the  organic  reaction  is 
not  able  to  counterbalance  it^  and  local  death  ensues. 

These  and  many  other  cases,  even  the  fatigue  and  exhaustion 
which  follow  great  exertions,  show  that  the  organic  force  is  con- 
sumed by  the  exercise  of  the  functions.  This  circumstance  is  evi- 
dent even  after  death;  for  if  we  take  two  similar  portions  of  muscle 
of  an  animal  just  killed,  and  excite  in  the  one  slight  contractions 
with  a  knife,  while  the  other  is  left  unirritated,  the  first  portion  will 
lose  its  irritability  sooner  than  the  other,  and  the  difierence  will  be 
proportionate  to  the  number  of  contractions  which  have  been  ex- 
cited.* In  the  same  way  every  impression  of  light  deadens  the 
power  of  vision  in  some  degree,  and  an  equal  stimulus  immediately 
afterwards  does  not  produce  an  equal  reaction;  the  eye  requires 
rest. 

This  might  be  explained  by  supposing  that  a  part  of  the  organic 
force  is  exhausted  in  balancing  the  changes  of  composition  produced 
by  the  stimulus.  But  exhaustion  also  ensues  when  the  action  of  an 
organ  is  increased  without  any  external  stimulus,  if  the  organic  force 
18  not  increased  at  the  same  time.  It  appears,  therefore,  that  the 
very  action  or  exercise  of  organs  produces  a  change  in  their  compo- 
sition. It  may  be  that  the  constant  change  which  is  produced  in  the 
organic  substance  by  the  action  of  the  arterial  blood,  and  which  is  as 
necessary  to  life  as  the  decomposition  of  the  burning  matter  is  to  the 
phenomenon  of  combustion,  is  accelerated  or  increased  by  the  action 
of  the  organ,  while  the  renovation  from  new  nutritive  matter  does 
not  take  place  with  proportionate  rapidity,  and  can  only  be  efiected 
gradually  during  rest.  At  all  events,  the  more  exercise  a  man  uses, 
the  more  active  in  general  seems  to  be  the  decomposition  of  the 
matters  in  his  body,  and  the  more  need  has  he  for  nutriment.  But 
men  and  brutes  that  have  died  after  very  violent  exercise,  as  in  the 
instance  of  a  stag  hunted  to  death,  undergo  putrefaction  much  sooner 
than  animals  bled  to  death.  Autenrieth,t  who  makes  this  remark, 
also  adduces  the  fact,  that  a  muscle  taken  from  an  animal  before 
irritability  had  ceased,  putrefies  much  sooner  if  stimulated  to  frequent 
contractions,  than  if  left  at  rest  In  the  functions  of  the  nervous 
system  especially,  rest  is  so  necessary,  that  even  the  life  of  the  most 
tranquil  requires  sleep,  which  comes  on  while  the  causes  which 
excite  the  nervous  system  to  action,  namely,  the  external  stimuli,  are 
still  in  operation;  tl^  nervous  system  being  rendered  insensible  to 
their  impression,  owing  to  the  change  induced  in  it  by  its  state  of 
activity. 

The  constant  re-animation  of  the  tissues  by  the  general  vital 
stimuli,  ordinarily  renders  them  capable  of  a  proportionate  exercise 
of  their  functions;  but  if  their  action  is  increased  and  accelerated^ 

*  Aotenrieth,  Physiol,  i.  63. 

t  Phjrsiol.  i.  115.  See  also  Humboldt  uber  die  gereizte  Muskel  und  Nenren- 
fiser. 
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snbseqnent  rest  is  necessary  to  restore  as  much  power  for  new  action 
as  has  been  thus  exhausted. 

Generally,  in  a  healthy  state,  just  as  much  power  is  generated  in 
a  certain  space  of  time  as  has  been  exhausted  by  the  exercise  of  the 
functions;  but  there  are  cases  in  which  the  nutrition  of  the  organ 
becomes  gradually  increased,  while  the  state  of  action  is  either  equal 
and  regular,  or  alternates  with  rest.  This  is  the  case  more  especially 
in  youth,  because  the  affinity  of  the  tissues  for  the  vital  stimuli 
seems,  for  reasons  already  stated,  to  be  greater  when  the  develop- 
ment is  less  complete:  but,  cxteris  paribus^  the  power  of  an  organ 
is  always  increased  by  exercise,  not  carried  too  far,  and  alternating 
with  rest;  while  rest  alone  often  induces  weakness.  This  alternation 
of  exercise  and  rest  is  the  means  by  which  a  gradual  increase  of  our 
strength  is  to  be  acquired.  Life  generally  is  attended  with  decom- 
position of  organic  matter;  and  in  the  same  way,  perhaps,  the  action 
of  an  organ  is  attended  with  decomposition  of  a  part  of  its  material, 
while  another  part  becomes  more  intimately  combined,  so  that, 
although  an  organ  really  loses  matter  by  its  state  of  action,  still  the 
same  action  renders  it  more  capable  of  attracting  new  material  and 
of  strengthening  itself.  But  when  the  action  is  repeated  too  fre- 
quently and  violently,  the  renovation  of  material  is  less  than  the 
waste,  and  exhaustion  ensues.  This  is  the  case  when  the  vital  force 
is  consumed,  or  rendered  inert,  by  increased  action,  more  quickly 
than  renovation  can  be  effected.  The  exhaustion  is  so  much  the 
greater,  the  more  numerous  and  the  more  important  the  parts  of 
which  the  action  is  frequent  and  violent.  Thus,  for  example,  in  the 
act  of  coition,  nearly  the  whole  nervous  system  is  thrown  into  a  state 
of  activity,  attended  with  consumption  of  vital  force.  The  exhaus- 
tion of  vital  enei^y  is  also  greater  in  proportion  as  the  action  of  the 
organ  is  attended  with  the  transfer  of  something  from  itself  to  an- 
other part,  as  seems  to  be  the  case  in  the  action  of  the  nerves,  or 
with  a  real  loss  to  the  whole  system,  as  in  the  case  of  increased  secre-> 
tions;  for  example,  of  the  milk.  The  momentary  state  of  inertness 
of  the  Vital  force  after  action,  and  its  gradual  restoration,  are  seen  in 
parts  of  frogs  even  when  separated  from  the  body;  the  irritability 
being  restored  probably  by  the  action  of  the  blood  still  contained  in 
the  part,  as  well  as  by  that  of  the  air  on  the  tissues.  Thus,  the  re- 
peated application  of  galvanism  to  the  leg  of  a  frog  separated  from 
the  animal  exhausts  its  irritability,  which  is  again  restored  after  a 
certain  interval  of  rest. 

If  an  organ  is  very  rarely  called  into  action,  its  power  is  not  re- 
stored by  rest  in  the  same  degree  as  when  it  is  subjected  to  more 
frequent  exercise.  The  eye,  for  example,  requires  rest  after  being 
in  action:  but  by  alternating  exercise  and  rest  it  is  strengthened.  If 
the  eye  is  kept  long  in  complete  rest,  it  will  have  acquired  great  sen- 
sibility; but  the  vital  force  will  have  become  weaker  in  proportion 
to  the  time  that  it  has  been  left  without  exercise;  and  a  sudden 
strong  impression  of  light  will  be  sufficient  even  to  blind  an  eye 
which  has  been  thus  kept  long  in  darkness.    Muscles  lose  much  of 
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their  motor  power  from  want  of  exercise;  the  power  of  the  muscles 
of  the  ear,  for  instance,  is  lost  from  this  cause.* 

Reaction^  Irritation^  Stimulus  or  Irritant. — ^Thus  far  we  have 
considered,  but  only  in  a  general  manner,  the  changes  which  the 
organic  action  and  activity  of  animals  undergoes.  The  operation  of 
external  influences  in  producing  these  changes  will  now  be  investi- 
gated. The  external  <<  vital  stimuli''  are  not  the  only  agents  which 
give  rise  to  vital  actions;  everything  which  disturbs  the  elementary 
composition  of  organs  and  the  balance  in  the  distribution  of  impon- 
derable matters  in  the  organic  tissues,  may  also  modify  the  action  of 
the  organism  and  of  the  separate  organs.  Such  a  modification  when 
considerable  is  called  reaction;  the  influence  which  produces  this 
reaction  in  the  organism  is  called  irritation;  and  the  cause  exciting 
the  irritation  a  stimulus  or  irritant.  The  reaction  is  always  a  vital 
phenomenon,  a  manifestation  of  an  organic  property  of  the  animal 
system.  The  property  of  reaction,  that  of  being  excited  to  the  mani- 
festation of  some  inherent  power  on  the  application  of  an  external 
influence,  is  not  confined  to  organic  beings,  and  still  less  to  animals. 
Light  and  warmth  are  developed  from  many  inorganic  bodies,  under 
certain  circumstances,  as,  for  example,  by  a  blow.  In  these  cases  it 
is  probable  that  the  light  and  caloric  existed  in  the  bodies  in  a  com- 
bined state,  and  are  set  free  by  the  action  of  the  external  influence. 
A  still  better  instance  is  afibrded  by  elastic  bodies,  the  minute  par- 
ticles of  which  have  such  an  attraction  for  each  other,  that  an  attempt 
to  displace  a  portion  of  them  acts  upon  the  whole;  and  by  the  power 
of  attraction  between  them  a  restitutio  in  integrum  ensues,  accom- 
panied by  the  phenomena  of  elasticity  or  sonorous  vibrations.  But 
no  inorganic  bodies  are  so  uniform  in  their  mode  of  reaction  as 
organised  bodies,  which,  under  disturbing  influences,  however  va- 
rious, always  manifest  similar  phenomena.  The  uniformity  in  the 
mode  of  reaction  of  organised  bodies  arises  probably  from  their  inhe- 
rent fundamental  property  of  counterbalancing  disturbances  in  their 
composition,  by  a  force  which,  in  the  healthy  state  of  the  body,  is 
much  stronger  than  the  disturbing  cause.  The  force  which  restores 
the  balance  in  the  composition  of  the  tissues  after  such  a  disturbance, 
is  identical  with  that  which  pfeserves  all  the  properties  of  a  part 
during  the  constant  process  of  nutrition  and  renovation  of  material. 
The  phenomenon  which  ensues  on  the  restoration  of  the  balance,  is 
constituted  partly  by  the  change  produced  by  the  external  cause, 
and  partly  by  the  eflbrt  exerted  to  restore  the  balance.  Dutrochett 
maintains  that  all  stimulants  produce  the  same  change  in  the  organ- 
ism,—that  they  modify  the  state  of  oxidation  of  the  organic  matter 
on  which  they  act;  the  stimulant,  he  says,  acts  simnltaneously  on  the 
oxygen  and  the  organic  matter,  causing  them  to  unite.  Ingenious 
as  this  theory  is,  it  is  at  present  a  mere  hypothesis;  as  is  also  the  con- 

*  Autenrieth,  Physiol,  i.  104. 

t  Fioriep,  Notizen,  724.    S^nces  de  I'Aoad.  d.  Se.  Jan.  30, 1832. 
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elusion  that  Dutrochet  comes  to,  namely,  that  excitability  is  really  a 
state  of  susceptibility  of  oxidation. 

Irritation  of  an  organ  must  always  be  attended  with  some  change 
in  its  component  matter.  Such  a  change  must  indeed  be  presumed 
to  occur  even  in  the  effect  of  the  stimulus  of  ligiit  upon  the  eye. 
Light  appears  to  enter  into  the  composition  of  many  bodies,  and 
produces  chemical  changes,  which  are  evident  in  several  chemical 
preparations,  and  even  in  plants,  in  which  light  causes  the  develop- 
ment of  oxygen.  The  immediate  effect  which  a  stimulus  produces, 
yaries  with  the  nature  of  the  stimulus  and  of  the  body  irritated;  thus, 
it  may  be  compression  or  a  chemical  change.  But  the  secondary 
effect — the  effort  to  counteract  the  former — is  quite  independent  of 
the  nature  of  the  stimulus;  it  is  not  mechanical  or  chemical,  but  is  a 
manifestation  of  the  vital  property  of  the  organ,  such  as  sensation  of 
pain,  or  inflammation,  or  spasm.  Caloric,  electricity,  and  light  are 
imparted  to  organised  beings  according  to  the  general  laws  of  phy- 
sics; but  in  the  **restiiuiio  in  integrum*^  there  always  arises,  at  the 
same  time,  a  vital  action,  which  differs  in  its  kind  according  to  the 
part  that  has  undergone  the  change;  and,  until  the  part  is  restored 
to  its  natural  state,  the  phenomena  observed  are  compounded  of  the 
operation  of  the  stimulus  and  the  reaction  which  it  has  excited. 
Chemical  substances  also  produce  a  change  in  organic  bodies,  and 
have  a  tendency  to  form  binary  compounds  with  their  elements.  If 
this  occurs, — if  the  organic  affinity  is  not  able  to  counteract  the 
chemical  agency, — a  chemical  product  is  formed,  at  the  same  time 
that  the  life  of  the  part  is  destroyed,  as  is  observed  in  the  case  of 
burns,  and  of  the  application  of  mineral  acids  or  a  caustic  alkali. 
But  the  organised  structure,  in  the  part  thus  acted  upon  by  a  chemi- 
cal agent,  while  it  retains  its  life,  and  on  the  boundaries  of  the  part 
after  its  death,  manifests  the  organic  properties  peculiar  to  it,  such  as 
sensation,  motion,  or  inflammation. 

Not  merely,  however,  does  the  reaction  of  animal  bodies  conse- 
quent on  the  application  of  external  stimuli,  differ  from  that  of  inor- 
ganic bodies,  in  its  being  manifested  by  vital  properties;  but  also 
these  vital  properties  themselves  vary  according  to  the  nature  of  the 
organ  and  of  its  composition.  Thus,  for  example,  mechanical,  che- 
mical, or  electrical  stimuli  applied  to  a  muscle,  all  produce  in  it  the 
same  mode  of  reaction,  namely,  motion;  while  all  stimuli  applied  to 
a  sentient  nerve  excite  only  sensation,  which  is  very  different  in 
different  nerves,  even  though  the  exciting  cause  be  the  same;  and, 
again,  it  is  alwpiys  the  same  in  the  same  nerve,  though  the  exciting 
causes  be  different.  Mechanical  and  electric  stimuli  excite,  in  the 
optic  nenre,  the  perception  of  light,  which  is  the  peculiar  property 
of  that  nerve,  and  seem  to  excite  no  pain;  while  pain,  and  not  the 
perception  of  light,  is  the  constant  result  of  irritation  of  a  nerve  of 
common  sensation.  In  the  same  way,  mechanical  and  electric  sti- 
muli produce  in  the  auditory  nerve  the  perception  of  sound,  and 
electricity  excites  in  the  olfactory  nerve  the  sensation  of  smell.  The 
anterior  roots  of  the  spinal  nerves  when  irritated  mechanically  or  by 
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galvanism^  give  rise  to  no  sensations,*  but  to  muscular  contractions; 
while  the  posterior  roots  of  the  same  nerves,  under  similar  circum- 
stances, excite  sensations  only,  and  no  contraction  of  muscles.  By 
ascertaining  the  mode  of  reaction  peculiar  to  all  parts  of  the  body, 
physiology  acquires  an  empirical  knowledge  as  certain  as  any  pos- 
sessed by  the  other  natural  sciences. 

In  quite  different  states  of  disease  of  the  same  organ,  the  symptoms 
are  often  very  similar;  for,  in  a  state  of  excited  action,  as  well  as  in  a 
state  of  irritation  with  diminished  power,  the  organ  will  manifest  the 
vital  properties  peculiar  to  it.  There  are  certain  groups  of  cerebral 
symptoms,  and  of  symptoms  of  cardiac  disease,  which  occur  in  very 
different  morbid  conditions  of  the  brain  and  heart  respectively.  We 
may  here  remark  upon  the  folly  of  the  homocopathists,  who  imagine 
that  they  cure  disease  by  means  of  substances  which  produce  states 
of  the  system  resembling  the  disease;  while  they  either  do  nothing 
whatever,  or  nature  applies  the  remedies  otherwise  than  the  homoeo- 
pathist  imagines.  The  fact  of  two  substances  producing  similar 
symptoms  in  an  organ,  does  not  prove  that  their  modes  of  action  are 
identical,  but  merely  that  the  organ  on  which  they  act  is  the  same. 
Syphilis,  and  the  mercurial  disease,  may  be  essentially  very  different; 
and  yet  they  so  far  resemble  each  other  that  certain  organs  are 
affected  by  both.  Mineral  acids  and  alkalies,  also,  are  equally  de- 
structive to  the  organised  tissues,  and  nevertheless  no  one  will  assert 
that  they  are  ^^similiaj*^  Mercury,  by  inducing  a  slight  change  in 
the  organic  matter  of  the  body,  may  render  it  unfit  for  propagating 
the  destructive  progress  of  syphilis;  and  then  the  natural  vital  pro- 
cess, and  not  the  mercury,  effect  the  further  cure. 

The  action  of  an  organ  being  excited  by  stimulants,  and  every 
increase  of  action  without  simultaneous  increase  of  organic  force 
being  attended  with  exhaustion  of  this  force,  stimulants  themselves 
must  exhaust,  or,  as  it  were,  consume  the  organic  power;  and  unless, 
like  the  general  vital  stimuli,  they  have  at  the  same  time  a  restora- 
tive action,  a  temporary  cessation  of  the  action  they  have  themselves 
excited  will  follow,  although  their  influence  be  continued.  Hence 
the  periodic  character  of  many  vital  phenomena.  A  contractile 
organ,  containing  a  matter  which  stimulates  it  mechanically  or  che- 
mically, contracts.  By  this  act  of  contraction  the  part  is  rendered 
incapable,  for  a  moment,  of  again  contracting  with  equal  strength; 
but  the  excitability  is  gradually  restored,  and  the  stimulus,  which  is 
constant,  becomes  again  effective;  and  so  the  contractions  are  repeated 
from  time  to  time.  This  intermittent  action  is  seen  in  the  undulations 
of  the  iris  under  the  influence  of  an  equable  light,  in  the  periodic 
contractions  of  the  rectum,  intestines,  stomach,  heart,  uterus,  urinary 
bladder,  and  of  the  muscles  which  expel  the  contents  of  the  urethra 
in  coitCt.  The  stimulus  to  contraction  is,  in  many  of  these  cases, 
external, — a  substance  contained  in  the  cavity  of  the  organs,  such  as 

*  Recent  experiments  of  M.  Longet  and  M.  Magendie  seem  to  show  that  the 
anterior  roots  of  the  spinal  nerves  derive  some  sensibility  from  their  connection 
with  tbe  posterior  roots.  See  the  Chapter  on  the  sensitive  and  motor  roots  of  the 
spinal  nerves. 
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urine,  faeces,  &c  It  appears,  however,  also  to  be  frequently  internal 
or  inherent,  to  be  derived,  for  instance,  from  the  nerves;  as  in  the  case 
of  the  heart,  the  rythmic  contractions  of  which  seem  to  be  dependent 
on  nervous  influence,  and  are  not  wholly  and  primarily  due  to  the 
periodic  stimulus  of  the  blood  in  its  cavities;  for  the  contractions  con- 
tinue when  the  organ  is  cut  out  from  the  body  and  empty  of  blood. 
In  this  case  the  stimulus  of  the  blood  is  not  replaced  by  that  of  the 
air,  for  the  action  continues  in  a  vacuum. 

A  stimulus  too  often  repeated,  deadens  the  excitability  of  the 
organ,  and  renders  it  insensible  to  the  same  sftimulus  for  a  long  time 
afterwards.  Hence  may  be  explained  a  part  of  the  phenomena 
observed  in  the  effects  of  habit.  Many  things,  to  the  action  of 
which  after  long  repetition  we  become  tlius  insensible,  produced  at 
first  not  merely  the  phenomena  of  excitement,  but  ultimately  a 
durable  structural  change,  whence  alone  their  subsequent  ineflicacy 
can  be  explained. 

Classification  of  medicinal  agents. — As  the  modifications  pro- 
duced in  the  composition  of  the  organised  tissues,  by  the  numerous 
agents  and  substances  to  the  influence  of  which  the  organism  is 
exposed,  vary  so  indefinitely  according  to  the  nature  and  composition 
of  these  agents  and  substances;  and  as  we  are  unable  to  determine 
the  nature  of  each  modification,  it  is  impossible  to  bring  the  sub- 
stances used  in  medicine  under  a  good  general  arrangement.  View- 
ing them  generally,  however,  there  can  be  but  three  principal  modes 
of  action,  and  three  classes  of  agents. 

1.  Stimulants, — The  true  and  most  important  stimuli  are,  as  I 
have  already  shown,  the  vital  stimuli  themselves,  the  constant  ope- 
ration of  which  on  the  tissues  is  the  sole  cause  of  the  manifestation 
of  life,  and  of  the  increase  of  the  vital  force.  Tlic  vital  stimuli, 
namely,  a  certain  degree  of  external  heat,  atmospheric  air,  water, 
and  nutriment,  not  merely  produce  a  change  in  the  composition  of 
the  organic  structures,  and  stimulate,  by  disturbing  the  balance  in 
the  system,  but  they  renovate  the  tissues  by  entering,  in  a  manner 
indispensable  to  life,  into  their  composition.  These  influences,  which 
are  constantly  in  action,  and  which,  while  they  stimulate,  leave  no 
exhaustion  after  them,  are  the  only  efficient  means  for  restoring  the 
powers  of  the  body  after  sickness.  Tliere  are  many  other  stimuli 
which  excite  reaction,  but  which  are  not  essentially  renovating,  and 
indeed  for  the  most  part  have  no  restorative  action  on  the  organs; 
and  which,  except  in  producing  symptoms  or  phenomena  of  reaction, 
have  no  vivifying  influence;  biU,  on  the  contrary,  they  arc  injurious  in 
proportion  to  the  change  effected  by  them  in  the  organic  composition. 
An  endless  injury  has  been  done  to  medicine,  and  many  lives  have 
been  lost,  through  the  error  of  confounding  all  agents  which  excite 
reaction  in  the  system  with  those  which  are  absolutely  essential  to 
life,  and  which  renovate  while  they  stimulate  the  organs;  the  false 
notion  having  been  thereby  induced,  that,  because  certain  stimuli 
feed  as  it  were  the  flame  of  life,  stimulating  agents  generally  are 
6 
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necessary  to  life. (a)  There  are,  however,  some  agents,  in  addition 
to  the  general  vital  stimuli,  which,  under  certain  conditions,  exert  a 
local,  vivifying,  and  strengthening  influence,  either  by  restoring  the 
composition  of  the  organ,  or  by  so  changing  its  composition,  that  the 
^  renovation  by  the  general  vital  stimuli  is  facilitated.  All  this,  how- 
ever, depends  on  the  state  of  the  diseased  organ ;  and  the  cases  in 
which  the  so-called  stimulant  and  tonic  remedies  have  really  their 
supposed  eflect,  are  very  rare.  On  the  other  hand,  many  patients 
have  been  stimulated  to  death  by  a  host  of  remedies  which,  under 
the  circumstances  of  the  case,  or  in  all  cases,  do  indeed  stimulate, 
but  produce  only  a  tumult  in  the  system  which  they  fail  to  slrengthen. 
Those  substances  which,  under  certain  conditions,  have  a  vivifying 
influence,  also  act,  according  to  their  composition,  more  especially 
on  particular  organs,  and  form  natural  groups  according  as  their 
principal  action  is  on  the  nervous  system,  for  instance,  or  on  the 
.'organs  destined  to  eflect  changes  in  the  blood.  Several  of  these 
agents  are  imponderable  matters,  such  as  electricity,  which  has  been 
used  with  success  in  paralytic  affections.  Caloric,  that  agent  which 
is  necessary  in  the  development  of  the  embryo,  has  also  an  eminently 
vivifying  influence  in  stales  of  disease,  when  other  means  are  fruit- 
less; for  instance,  in  affections  of  the  nerves  and  spinal  cord, — 
paralysis,  neuralgia  dorsalis,  and  commencing  tabes  dorsalis;  the 
application  of  heat  being  made  in  the  form  of  moxa,  and  frequently 
repeated,  even  by  a  new  moxa  on  the  old  granulating  surface:  the 
application  of  a  single  moxa  is  mere  trifling.  A  much  more  durable 
impression  of  heat,  better  than  moxa  or  the  actual  cautery,  is  pro- 
duced by  holding  a  burning  candle  near  to  the  affected  part  for  a 
long  time,  so  as  to  cause  pain;  by  which  means  all  the  beneficial 
effect  of  heat  is  obtained,  without  the  formation  of  an  eschar  and  the 
subsequent  suppuration,  which  is  often  of  no  service.  The  mode 
in  which  the  caloric  acts  in  these  cases,  is  not  evident;  moxas  are 
beneficial  in  diseases  of  the  spinal  cord,  only  when  applied  close  to 
the  spine,  while  pain  may  be  excited  in  any  part  of  the  body. 

Mechanical  influence  by  frictions  acts  under  certain  circumstances 
as  a  vivifying  stimulus;  it  has  this  effect,  probably,  by  inducing 
slight  chemical  changes  in  the  composition  of  the  tissues,  as  a  con- 
sequence of  which  their  affinity  for  the  general  vital  stimuli  already 
in  the  organism  is  increased. 

On  the  other  hand,  all  agents  of  this  kind,  as  well  medicinal  sub- 
stances as  caloric,  electricity,  and  mechanical  influences,  such  as 
pressure,  contusion,  &c.,  may,  when  their  action  is  excessive,  have 
the  very  opposite  of  a  vivifying  effect,  and  produce  such  a  violent 
change  in  the  organic  matter,  that  the  combinations  necessary  to  life 
cannot  be  maintained:  hence  these  influences  are  special  stimuli, 
vivifying  only  under  certain  conditions.    They  exert  a  vivifying 

(a)  From  this  confounding  under  one  head  different  kinds  of  stimuli,  have 
arisen  pernicious  abuses  in  hygiene,  the  worst  of  which  was,  converting  alcoholic 
stimuli  into  substances  of  daily  use,  and  attributing  to  them  the  power  not  only  of 
strengthening  but  of  renovating  the  organs— a  doctrine  false  in  physiology  and 
eminently  destructive  in  practice. 
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inflaence  when  their  action  on  the  organic  matter  faronrs  the  pro- 
duction of  the  natural  composition  of  the  parts.  They  may,  there- 
fore, be  termed  kom6f;eneous  stimuli;  while  all  other  stimuli,  which 
only  disturb  the  natural  composition  of  the  boily,  and  wiili  it  the  stale 
of  the  vital  powers,  may  be  termed  heterogeneous  slimuli:  these 
have  no  vivifying  inflncnce.  but  are  rather  injurious  lo  life.  It  must, 
however,  be  remembered  that  every  homogeneous  stinnilus,  when 
used  iinder  improper  circumstances,  becomes  a  heterogeneous  stimu- 
lus. Stimulants  then  would  seem  to  be  divisible  into,  1.  general 
vital  stimuli;  and  2.  special  stimuli;  and  tlieso  last  again  into  a,  the 
homogeneous;  and  b,  the  heterogeneous.  I  have  already  mentioned 
that  Dutrochet  supposes  that  true  stimuli  act  by  favouring  and 
accelerating  the  combination  of  oxygen  with  organic  matter.  It 
is  probable,  that  the  action,  at  least  of  several  slimuli,  depends  on 
their  having  the  property  of  stiengthening  the  aOinity  between  the 
organic  substance  and  the  blood,  {which,  by  its  passage  through  the 
lungs,  is  itself  rendered  a  vital  stimulus,}  and  thus  of  increasing  and 
accelerating  the  changes  produced  in  organic  matter  by  ihe  oxygen 
in  the  blood. 

In  cases  of  rapid  sinking  of  the  vital  force,  all  our  stimulant  reme- 
dies are  of  no  avail;  and  Ihe  greater  number  of  them  merely  excite 
the  system,  and  do  not  add  to  its  strength. 

a.  Alteratives. — A  great  number  of  substances  are  important  as 
therapeutic  agents,  from  their  producing  a  chemical  change  in  the 
organic  matter,  the  result  of  which  is,  not  an  immediate  renovation  of 
materia)  and  an  increase  of  vital  force,  but  a  removal  of  that  state 
of  combination  of  the  elements  which  prevented  healthy,  or  caused 
diseased  action.  Perhaps  the  chemical  change  produced  is  such  as 
to  render  the  organ  no  longer  sensible  to  a  morbid  stimulus;  or  it  is 
such  that  certain  apprehended  destructive  changes  of  composition 
are  no  longer  possible,  as  in  the  antiphlogistic  plan  of  treatment;  or, 
lastly,  these  substances  produce  a  change  in  the  nutritive  fluids. 
Such  snbstances  are  alteratives.  By  these  remedies  an  organ  mor- 
bidly changed  in  composition  cannot  be  rendered  sound,  as  though 
by  a  chemical  process;  but  such  a  slight  chemical  change  can  be 
produced  as  shall  render  it  possible  for  nature  to  restore  the  healthy 
constitution  of  the  part  by  ihe  process  of  nutrition.  These  "alter- 
atives," again,  may  he  divided  into  two  principal  kinds,  according 
as  they  act  chiefly  on  the  nervous  system  or  on  the  other  organs 
dependent  on  that  system.  Among  those  of  the  first  kind,  the  most 
important  are  Ihe  so-called  narcotics;  those  of  the  latter  kind  com- 
prehend Ihe  numerous  medicines  Avhich  exert  their  action  on  diseases 
in  other  organs  than  those  of  the  nervous  system.  These  remedies, 
also,  by  removing  the  obstacles  to  cure,  become  indirectly  vivifying 
or  renovating  stimuli,  and  Ihey  may  ihemselves,  by  disturbing  the 
balance  in  a  part,  produce  symptoms  of  irritation.  If  used  in  excess, 
ihey  either  give  rise  to  the  injurious  effects  of  tlie  heterogeneous  stimu- 
lants, or  by  inducing  a  sudden  change  of  composition,  annihilate  the 
vital  force,  aa  is  the  case  with  narcotics.  Since,  however,  such  altera- 
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live  medicines  affect,  each  in  its  own  way,  the  composition  of  an 
organ,  one  alterative  may,  after  a  time,  lose  its  influence,  while  the 
organ  thus  saturated,  as  it  were,  with  the  remedy,  may  still  be  suscept- 
ible of  the  influence  of  another.  The  practice  of  medicine  afllbrds, 
in  innumerable  cases,  a  confirmation  of  this  statement.  By  the  con- 
tinued use  of  an  alterative  medicine,  the  composition  of  the  organ 
"Will  have  suffered  such  a  chemical  change,  that  the  same  aflSnity 
for  this  substance  no  longer  exists  in  the  organism,  while  an  aflSnity 
for  another  substance  may  still  remain.  Imponderable  matters  also 
are  in  this  way  alterative;  thus  the  eye,  after  being  long  fixed  on  a 
green  surface,  loses  gradually  its  sensibility  for  this  colour,  which 
becomes  dull  and  grey.  At  the  same  time,  however,  the  sensibility 
for  the  red  rays  is  increased.  So,  also,  a  long  exposure  of  the  retina 
to  the  red  rays  makes  it  susceptible  of  the  green.  In  the  same  way, 
by  fixing  the  eye  for  some  time  on  yellow,  the  sensibility  for  that 
colour  is  lost,  while  the  perception  of  violet  becomes  more  intense, 
and  vice  versd;  the  same  relation  exists  between  blue  and  orange. 

3.  M/2genfs  tvhich  destroy  the  organic  composition.  (Decom- 
posing agents.) — These  are  substances  which,  without  first  pro- 
ducing a  stimulant  or  simply  alterant  eflfect,  directly  destroy  the 
essential  composition  of  the  organised  tissues.  Some  of  the  agents 
which  are  "stimulants"  when  they  operate  gently,  produce  by  a 
more  violent  action  too  great  a  disturbance  of  the  powers  of  the 
part;  such  are  heat,  electricity,  &c.  Others  are  "alteratives,"  which 
by  an  extreme  degree  of  their  action  produce  great  changes  in  the 
composition  of  the  tissues,  forming  with  the  organic  matter  combi- 
nations which  the  organic  force  is  not  able  to  counterbalance.  It  is 
in  this  way  that  the  narcotic  alterants  have  a  destructive  action; 
and  those  alterants  which  modifv  the  formation  of  the  fluids  of  the 
body,  and  the  organic  changes  effected  in  them  by  different  organs, 
— for  example,  the  antimonial  and  mercurial  preparations,  and  the 
mineral  acids  and  alkalies, — have,  when  in  a  concentrated  slate,  an 
equally  destructive  influence  on  the  organic  composition.  Stimu- 
lants can  produce  disorganisation  in  two  ways.  Some  agents  are 
stimulants  only  when  their  action  does  not  surpass  a  certain  degree 
of  intensity;  and,  when  their  action  is  more  violent,  instead  of  reno- 
vating the  organic  composition  and  force,  or  even  favouring  this 
renovation  by  exciting  new  aflSnities,  they  produce  immediately  an 
essential  change  of  composition.  In  this  case  no  irritation  or  reac- 
tion precedes  the  local  or  general  death;  the  disorganisation  is  imme- 
diate, as  in  death  from  electricity,  lightning,  &c.  Other  stimuli, 
which  under  certain  conditions  have  a  renovating  action,  may  have 
a  destructive  eflfect  by  exciting  the  action  of  an  organ  during  too  long 
a  period:  more  force  being  exhausted  than  can  be  restored  again  in 
an  equal  space  of  time.  This  action  is  called  over-excitement.  An 
organ  thus  over  excited,  as,  for  example,  the  eye  by  light,  is  rendered 
permanently  weaker.  The  decomposing  agents  are  used  in  medicine 
only  when  it  is  wished  really  to  produce  destruction  of  a  part. 
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of  arranging  diseases,  therefore,  is  founded  on  the  different  systems 
of  organs  affected,  and  the  types  of  disease  established  by  their 
natural  history.  Physicians  have  always  been  inclined  to  regard 
inflammation  as  a  disease  with  increased  vital  power.  Certain  pro- 
perties of  the  body  are  increased  in  an  inflamed  part, — for  exam- 
ple, heat;— the  quantity  of  the  blood  in  the  capillaries  is  greater,  but 
other  conditions  of  the  part  are  ahered;  while  the  function  of  the 
organ  is  interrupted,  and  the  sensations  indicate  a  violent  lesion. 
The  exciting  cause  of  inflammation  produces  a  cheimical  change  in 
the  composition  of  the  affected  organ:  it  is  in  this  way  that  inflam- 
mation is  produced  in  the  practice  of  medicine  by  chemical  agents. 
A  chemical  affinity,  an  attraction,  may  arise  between  the  blood  and 
the  tissues  thus  chemically  changed.  This  new  affinity  may  be  greater 
than  that  of  the  healthy  state.  But  whether  the  increased  affinity  be- 
tween tiie  tissue  and  the  blood  in  inflammation  be  merely  a  greater  de- 
gree of  the  natural  organic  attraction,  such  as  is  observed  in  certain 
healthy  phenomena,  as  in  all  those  of  turgescence, — or  whether  it  is 
essentially  different  from  the  organic  attraction,  and  is  a  newly  arisen 
chemical  affinity  between  the  disorganised  matter  and  the  blood,— 
cannot  with  certainty  be  determined.  But  even  if  the  increased 
affinity  between  the  blood  and  the  organic  substance  be  really  a 
greater  degree  of  that  reciprocal  action  which  is  constantly  going  on 
between  the  blood  and  the  tissues,  still  inflammation  is  not  a  disease 
of  increased  vital  power;  for  the  phenomena  of  inflammation  arise 
as  much  from  the  existing  tendency  to  decomposition  excited  by  the 
chemical  change,  as  from  the  reaction  of  the  tissues  to  oppose  this 
destructive  tendency. 

The  intimate  reciprocity  of  action  which  exists  between  all  parts 
of  the  organism,  especially  through  the  medium  of  the  nervous  sys- 
tem, produces  in  animal  bocfies  a  kind  of  balance  (Statik)  of  the 
forces;  whence  it  results,  that  an  exciting  cause  of  disease  acting  on 
one  part,  by  changing  the  state  of  the  ponderable  and  imponderable 
matters  in  it,  often  exerts  its  influence  through  a  series  of  such 
changes  on  distant  parts,  which  are  most  susceptible  of  this  form  of 
disease.  The  withdrawal  of  matters  at  one  point  prevents  the  accu- 
mulation of  similar  or  different  matters  at  another  spot,  on  which  is 
founded  the  use  of  evacuating  means  at  parts  of  the  body  distant  from 
the  disease.  Still  more,  the  increase  of  vital  action  in  one  organ  ex- 
cites many  others:  hence  the  connection  of  the  increased  vital  action 
in  the  genital  organs  with  the  reproduction  of  the  antlers  in  the  stag^ 
and  with  changes  in  many  organs  in  man,  which  changes,  both  in 
the  stag  and  in  man,  are  prevented  by  castration.(a)  The  applica- 
tion of  renovating  stimuli,  also,  to  one  part,  has  a  vivifying  influence 
on  the  whole  system;  reacting  from  the  skin,  for  example,  on  the  cen- 
tral organs  of  the  nervous  system  through  the  medium  of  the  nerves;' 
whence  arises  the  successful  use  of  frictions  and  other  stimulants  to 
the  skin,  for  the  restoration  of  suspended  animation.' 

(a)  The  illustration  would  have  been  more  complete  by  the  aathor's  inclading 
the  cerebellar  changes  in  the  circle  of  newly  associated  actions. 
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IV.    OF  THE  PHENOMENA,  OR  ACTIVE  PROPERTIES,  COMMON  TO 

INORGANIC  AND  ORGANIC  BODIES. 

Organic  bodies  participate  in  the  general  properties  of  ponderable 
matter.  The  laws  of  mechanics,  statics,  and  hydraulics,  are  also 
applicable  to  them.  Several  of  these  properties,  which  organic 
matters  may  possess  in  common  with  inorganic  substances,  such  as 
cohesion,  elasticity,  &c.  exist,  however,  only  while  the  essential  com- 
position of  the  part  is  maintained  by  the  continued  operation  of  the 
organic  force;  thus  the  elastic  coat  of  the  arteries  loses  its  elasticity  at 
a  certain  period  after  death,  if  it  is  allowed  to  putrefy.  The  applica- 
tion of  the  laws  of  mechanics,  statics,  and  hydraulics  to  the  actions 
of  organic  bodies  is  also  limited,  from  the  circumstance  that  the 
causes  of  motion  most  at  work  in  these  latter  are  essentially  vital  in 
their  nature.  The  imponderables,  also,  namely,  electricity,  caloric, 
and  light,  are  developed  by  organic  bodies.  It  is  these  matters  that 
we  must  here  particularly  consider. 

1.  Development  of  electricity. 

Sources  of  electricity. — The  electricity  excited  by  friction  is  well 
known  to  be  developed  with  remarkable  facility  from  many  sub- 
stances of  organic  origin.  Galvanism,  or  the  electricity  of  contact, 
is  produced  not  merely  by  the  contact  of  heterogeneous  metals,  but 
by  means  of  many  other  substances,  particularly  carbon  and  graphite, 
as  has  been  shown  by  Humboldt  and  Pfaff;  and  even  different  ani- 
mal substances  connected  by  conducting  bodies  will  produce  in  a 
less  degree  the  same  phenomena  as  metals  of  different  kinds.  It 
would,  therefore,  be  quite  erroneous  to  suppose  that  the  causes  of 
galvanism  are  to  be  sought  only  in  the  properties  of  different  metals. 
Seebeck  has  discovered  that  even  bars  of  the  same  metal  heated  to 
different  degrees  of  temperature,  and  placed  one  upon  the  other,  will 
become  electric;  and  that  one  simple  metallic  bar  made  of  a  dif- 
ferent temperature  at  the  two  ends  acquires  this  property:  so  that 
difference  of  quality  of  the  bodies  coming  into  contact,  (and  thus 
throwing  the  electricity  which  is  present  in  all  bodies  into  the  state 
of  positive  and  negative  electricity,  or  disturbing  the  balance  of  the 
electric  matter,}  and  their  connection  by  means  of  a  third  conduct- 
ing substance,  seem  to  be  the  most  general  conditions  required  for 
the  production  of  galvanism.  When  these  conditions  are  present, 
galvanic  phenomena  are  produced  in  various  parts  of  animals  also. 
Baron  von  Humboldt  discovered  that  feeble  contractions  are  pro- 
duced in  the  leg  of  a  frog  by  touching  the  nerve  and  muscle  at  the 
same  moment  with  a  fresh  portion  of  muscle.  This  is  certainly  one 
of  the  more  rare  results  of  galvanic  experiments;  but  I  have  repeated 
Che  experiment  several  times,  and  can  confirm  the  accuracy  of  the 
statement  Buntzen  indeed  formed  a  weak  galvanic  pile  with  alter- 
nate layers  of  muscle  and  nerve;  and  Prevost  and  Dumas  state  that 
a  circle  formed  simply  of  one  metal^  fresh  muscle^  and  a  saline  solu- 
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tion  or  blood,  affects  the  galvanometer.  If  to  the  conductors  of  the 
galvanometer,  plates  of  platinum  are  fixed,  and  a  piece  of  muscle  of 
several  ounces  weight  is  placed  upon  one  of  these  plates,  the  con- 
ductors being  then  immersed  in  blood  or  a  saline  solution,  a  deviation 
of  the  magnetic  needle  of  the  instrument  takes  place.  Or,  if  to  one 
of  the  conductors  a  piece  of  platinum  moistened  with  muriate  of 
ammonia  or  nitric  acid  is  attached,  to  the  other  a  portion  of  nerve, 
muscle,  or  brain,  and  the  two  conductors  are  made  to  communicate, 
the  same  deviation  of  the  needle  is  produced.*  Kaemtzt  has  more- 
over shown,  that  dry  but  efficient  galvanic  piles  can  be  constructed 
from  organic  substances  without  any  concurrence  of  metals.  Con- 
centrated solutions  of  organic  substances  were  spread  upon  thin 
paper,  and  with  disks  of  this  paper  piles  were  constructed,  the  two 
layers  of  different  substanses  being  separated  by  two  thicknesses  of 
paper;  the  electricity  developed  by  these  piles  was  tested  by  an 
electrometer  (Bohnenberger's).  It  was  by  this  means  ascertained 
that 

Soda       .      J8  positive  electric  in  relation  to  Matton  fat 

Yeast  .  .  .  .Cane  sajjrar. 

Yeast  ....  Common  salt 

Yeast  ....  Sug^ar  of  milk. 

Linseed  oil  ...            .  Sugar. 

Linseod  oil  .            .            .            .  Whito  wax. 

Starch  ....  Gum. 

Gum  ....  Saloop. 

Gum  ....  Mucus  of  Tragacanth. 

Gnm  ....  Seeds  of  Lycopodium  (B&rlappsamen). 

White  of  egg  ....  Gum. 

White  of  etrg  ....  BoIlock*s  blood. 

BuIlock*s  blood  ....  Extract  of  Belladonna. 

Ballock*s  blood  ....  Starch. 

These  facts  being  known,  the  phenomena  to  which  electric  fishes 
give  rise  appear  less  extraordinary,  although  the  power  in  these 
animals  of  producing  electric  discharges  exists  only  during  life,  and 
during  an  undisturbed  state  of  the  nervous  influence.  The  electric 
fishes  which  are  best  known,  are  the  electric  Ray,  or  Torpedo,  of 
which  the  species  ocellaia  and  marrnorata  are  met  with  in  the  seas 
of  the  south  of  Europe;  the  electric  Eel,  Gymnoius  electricuSj  which 
is  found  in  several  rivers  of  South  America;  and  the  Silurvs  electri- 
cusj  or  Mulapterurus  electricus,  met  with  in  the  Nile  and  in  Sene- 
gal. The  Rhinobatus  e/eciricus,  Trichiurus  electricus^  and  Tetro- 
don  electricusj  are  less  known.  Walsh,  Fahlenberg,  Gay  Lussac, 
and  Humboldt  contributed  most  to  our  knowledge  of  these  fishes. 

The  electric  organs  of  these  fishes  consist  of  minute  cells  with 
membranous  parietes,  occupying  much  of  the  body  and  largely  sup- 
plied with  nerves;  the  nervus  vagus  being  distributed  to  the  electric 
organs  of  the  torpedo,  and  the  intercostal  nerves  in  great  number  and 
of  extreme  minuteness  to  those  of  the  Gymnotus  and  Silurus,  while 
branches  of  the  fifth  are  sent  to  the  external  parts.f 

*  Magendie,  Joum.  torn.  iii.  f  Schweigger,  Journ.  56,  1. 

X  Hunter  in  Philos.  Trans.  1773,  p.  ii.  tab.  20;  and  Animal  (Economy,  p.  404, 
15;  Philad.  Edit.  Rudolphi  in  den  Abhandlongen  dcr  Academie  von  Berlin,  1820, 
1821,  p.  229,  tab.  i.  ii.  and  1824. 
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7%c  effects  produced  by  the  electric  fishes  on  animals  are  perfectly 
analogous  to  electric  discharges.  The  shock  from  the  Torpedo  when 
the  fish  is  touched  wilh  the  hand,  reaches  to  the  upper  arm.  The 
Gymnotus  will  attack  and  paralyse  even  horses,  as  has  been  so  well 
described  by  Humboldt.  Substances  which  are  conductors  or  non- 
conductors of  electricity,  are  equally  so  to  the  influence  communi- 
cated by  the  Torpedo  and  the  Gymnotus,  which  are  the  only  electric 
fishes  that  have  been  hitherto  accurately  examined  with  reference 
to  iheir  electric  action:  a  shock  is  propagated  through  a  chain  of 
several  persons  when  those  at  the  extremities  of  the  chain  touch 
the  fish.  Walsh,  indeed,  by  conducting  the  discharge  of  the  Gym- 
notus through  a  strip  of  tin  foil  gummed  to  a  piece  of  glass  and 
cut  through  in  the  middle,  obtained  sparks,  which  were  seen  by 
Walsh,  wilh  Pringle,  Magellan,  and  Ingenhouss,  passing  at  the  line 
of  the  section  from  one  half  of  the  foil  to  the  other.*  Fahlenberg  has 
repeated  this  experiment  with  the  same  result  while  the  fish  was 
exposed  to  the  air.t  More  recently  Linari  and  Matteucif  have 
succeeded  in  obtaining  a  spark  from  the  Torpedo. 

The  electric  fishes  have  never  been  observed  to  produce  any  effect 
on  the  electrometer.  Dr.  J.  Davy  was  the  first  experimenter  who 
obtained  a  decisive  result;  he  discovered  that  the  electric  organs  of 
the  Torpedo  have  really  an  electric  action  on  the  galvanometer.§  He 
has  also  succeeded  in  decomposing  water  and  in  renderii]g  needles 
magnetic.||  Linari  and  Matteucialso  have  communicated Ihe  mag- 
netic property  to  needles,  have  decomposed  water,  and  have  observed 
marked  deviations  of  the  galvanometer  at  the  moment  of  tlie  dis- 
charges. T 

Laws  which  regulate  the  discharges  from  Electric  Fishes. — The 
power  of  producing  the  discharge  is  quite  voluntary,  and  dependent 
on  the  integrity  of  the  nerves  of  the  electric  organs.  The  heart  may 
be  removed,  and  the  shocks  will  still  be  communicated  for  a  long  time; 
but  with  the  destruction  of  the  brain,  or  division  of  the  nerves  going 
to  the  organs,  the  power  ceases.  The  destruction  of  the  electric  organ 
of  one  side  does  not  interrupt  the  action  of  the  opposite  organ.  All 
observers  agree,  that  the  electric  discharge  does  not  take  place  every 
time  when  the  fish  is  touched,  but  depends  on  a  voluntary  power;  and 
hence  it  is  often  necessary  to  irritate  the  fish.  Moreover,  it  would 
appear  that  it  has  the  power  of  determining  the  direction  of  the  dis- 
charges; for  when  Humboldt  and  Bonpland  laid  hold  of  the  fish,  one 
by  the  head,  the  other  by  the  tail,  the  shock  was  not  always  felt  imme- 
diately, and  both  did  not  always  receive  it.  Sometimes  the  animal 
struggles  when  teased,  without  giving  any  shock.  It  seems  to  be  itself 
scarcely  sensible  of  the  shocks.  In  the  electric  Eel  no  motion  is  ob- 
served at  the  time  of  the  discharge,  and  in  the  Torpedo  there  is  merely 
a  slight  motion  of  the  thoracic  fins.     Yet  the  electric  fishes  are  very 

•  Joam.  de  Phys.  1776,  Oct.  331. 

i  Veteiiak.  Acad.  Abhand.  1801,  ii.  p.  122. 

i  LMnstitut.  167.  §  Philos.  Trans.  1834,  p.  8. 

I  Ibid.  1832.  T  L'lnstitut.  Juillet,  1836. 
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sensible  to  the  artificial  galvanic  stimulus  applied  to  wounds.  No 
convulsive  motions,  however,  are  produced  in  the  Gymnotus,  accord- 
ing to  Humboldt's  observation,  when  one  of  these  fishes  forms  the 
conducting  medium  of  a  shock  from  another  fish. 

The  electric  shock  is  felt,  if  the  animal  is  inclined  to  communicate 
it,  by  merely  touching  one  surface  with  a  single  finger,  as  well  as 
by  applying  the  hand  to  both  surfaces,  dorsal  and  ventral.  In  either 
case  it  is  a  matter  of  indifference  whether  the  person  who  touches 
the  fish  is  isolated  or  not.  (Humboldt.)  Matleuci,  on  the  other 
hand,  states  that  the  leg  of  a  frog  was,  in  his  experiments,  never 
thrown  into  contractions  unless  it  touched  the  surface  of  the  Torpedo 
at  two  points  at  least;  but  his  recent  observations  lead  him  to  doubt 
the  possession  by  the  animal  of  such  a  power  of  directing  the  dis- 
charges. 

In  many  respects  the  Torpedo  and  Gymnotus  agree;  in  a  few  they 
difier.  Gay  Lussac  and  Humboldt  have  remarked  some  interesting 
points  of  difference.  When  the  Torpedo  is  touched  even  with  a 
single  finger,  the  discharge  takes  place,  whether  the  person  be  isolated 
or  not.  But  when  he  is  isolated,  the  contact  must  be  immediate;  if 
the  fish  is  touched  merely  with  a  piece  of  metal  in  the  hand,  no 
shock  is  felt.  The  Gymnotus,  however,  transmits  its  electric  dis- 
charge through  a  bar  of  iron  several  feet  in  length.  If  a  Torpedo 
is  laid  upon  a  very  thin  plate  of  metal,  the  hand  which  holds  the 
plate  never  perceives  the  shock,  even  though  the  fish  be  irritated  by 
another  person  who  is  isolated,  and  though  the  spasmodic  move- 
ments of  the  thoracic  fins  indicate  that  strong  discharges  are  taking 
place.  But  if,  while  it  is  lying  on  a  metallic  plate  held  as  before 
with  one  hand,  the  Torpedo  is  touched  on  the  upper  surface  with 
the  other  hand,  a  powerful  shock  is  felt  in  both  arms.  The  sensa-^ 
tion  is  the  same  when  the  fish  is  between  two  metallic  plates,  the 
edges  of  which  do  not  touch  each  other,  and  when  the  hands  are 
placed  at  the  same  time  on  the  two  plates.  But  when  the  borders 
of  the  plates  are  in  contact,  the  shock  entirely  ceases  to  be  felt;  the 
circle  between  the  two'  surfaces  of  the  electric  organs  is  completed 
by  the  metallic  plates,  and  the  new  circle  formed  by  bringing  the 
two  hands  in  contact  with  opposite  plates  has  no  effect. 

Electric  fishes  which  are  still  vigorous,  exert  their  electric  power 
as  strongly  in  the  air  as  in  the  water.  If  several  persons  form  the 
chain  between  the  upper  and  under  surfaces  of  the  fish,  the  shock  is 
not  felt  unless  these  persons  have  previously  moistened  their  hands. 
The  discharge,  however,  is  felt  by  two  persons  who,  while  grasping 
the  Torpedo  with  their  right  hands,  complete  the  circle — not  by 
holding  each  other  by  the  left  hands,  but  by  each  dipping  a  small 
bar  of  metal  into  a  drop  of  water  on  an  insulated  body.*  Dr.  Davy 
observed  that  the  electric  discharges  of  a  Torpedo  continued  after  the 
brain  of  the  fish  was  divided  lengthwise;  but  that  after  the  removal 

*  See  Gay  Lussac  et  Humboldt,  Ann.  de  Chimie,  65, 15. — A.  ▼.  Humboldt, 
Reise  in  die  Equinoctial gregenden  des  neuen  Continentd.  3  Theil,  pp.  295-324. 
— TreYiranaa,  Biolog.  v.  144-180. 
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of  the  brain^  no  more  shocks  were  given  even  when  the  nerves  of 
the  electric  organs  were  irritated.  In  one  instance,  when  a  small 
portion  of  brain  had  accidentally  been  left  in  connection  with  the 
electric  nerves  of  one  side,  the  fish  gave  a  shock  when  irritated. 
M.  Matteuci  found  that  the  intensity  of  the  shock  diminished  in 
proportion  to  the  number  of  the  nervous  fibres  going  to  the  organ 
which  he  divided,  and  that  it  was  no  longer  given  when  all  the 
nerves  were  severed.  The  death  of  the  fish  produced  by  morphia 
was  attended  with  strong  electric  discharges  and  convulsions.  When 
the  animal  had  ceased  to  give  shocks  even  though  irritated,  dis- 
charges stronger  than  ordinary  were  excited  by  touching  the  part 
of  the  brain  (an  enlargement  of  the  medulla  oblongata)  from  which 
the  nerves  of  the  electric  organs  arise.  All  parts  of  the  brain  in 
front  of  this  fourth  lobe  or  enlargement  of  the  medulla  oblongata, 
may  be  removed  without  arresting  the  electric  discharges.  The 
cerebral  hemispheres  may  be  touched,  wounded,  or  cut  away  with- 
out any  discharge  being  excited,  but  irritation  of  the  optic  lobes 
between  the  cerebral  hemispheres  and  cerebellum  sometimes  caused 
an  electric  discharge  when  the  animal  was  vigorous.*" 

Electric  phenomena  in  frogs, — The  electric  phenomena  of  the 
electric  fishes  are  effected  by  means  of  special  organs.  Whether 
electricity  is  developed  in  animals  by  ordinary  vital  processes  is 
another  question.  Electricity  exists  in  all  bodies  in  a  state  of  equi- 
librium, and  is  manifested  in  them  when,  by  contact  of  heterogene- 
ous bodies,  it  is  thrown  into  positive  and  negative  states;  in  this  way 
it  can  be  made  evident  even  in  living  frogs.  In  the  spring  before 
the  time  of  breeding,  and  in  the  latter  cold  part  of  autumn,  but  not 
in  the  summer,  frogs  evince  great  sensibility  to  the  galvanic  stimulus. 
If  at  these  times  the  leg  of  a  frog,  dissected  in  the  usual  maimer,  is 
laid  upon  a  glass  plate,  and  the  crural  nerve  touched  with  a  plate  of 
zinc  held  in  one  hand,  while  the  experimenter  touches  the  leg  with 
a  finger  of  the  other  hand,  a  strong  contraction  of  the  muscles 
ensues  every  time  the  circle  is  thus  closed;  if  copper  is  used  in  place 
of  zinc,  the  result  is  the  same,  but  the  contraction  is  not  so  strong. 
The  experiment  in  which  I  excited  muscular  contraction,  nearly  in 
the  same  manner  as  had  been  done  by  Humboldt,  by  turning  back 
the  nerve  towards  the  surface  of  the  leg  still  covered  with  cuticle, 
without  any  intermediate  conductor  of  metal  or  muscle,  proves  tiiat 
for  the  simplest  electric  phenomenon  on  frogs,  or  separated  parts  of 
frogs,  the  mere  contact  of  nerve  and  muscle,  which  at  their  other 
extremities  are  organically  connected,  is  sufficient,  and  that  the  use  of 
conductors  of  metal,  or  of  fresh  or  putrid  muscle,  merely  strengthens 
the  phenomenon.  It  appears  then,  either  that  free  electricity  is  gene- 
rated in  living  bodies,  and  that  when  certain  substances  come  into 
contact  an  overflow  of  this  electricity  takes  place  and  produces 
moscular  contractions,  or  that  the  mere  difference  in  chemical  pro- 
perties of  the  nerve  and  muscle,  produces  an  elastic  tension,  while 

*  Matteaci,  Biblioth.  Univ.  xii. 
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closing  the  circle  restores  the  electric  equilibrium  and  produces  the 
contraction. 

Much  that  is  fabulous  has  been  alleged  concerning  the  deveFop- 
ment  of  electricity  during  the  vital  process.  The  truth  is,  that  the 
electric  phenomena,  which  are  manifested  in  animals  independent  of 
friction,  are  very  feeble;  although  it  does  not  appear  possible  for  the 
various  chemical  changes  which  take  place  in  them  to  occur  with- 
out some  development  of  electricity. 

Free  electricity  in  man, — All  that  is  known  concerning  the  de- 
velopment of  electricity  in  the  human  subject  under  the  influence  of 
the  vital  process,  is  furnished  by  the  researches  of  PfaflF  and  Ahrens.* 
The  experiments  were  performed  with  the  aid  of  a  gold-leaf  elec- 
trometer, the  persons  who  were  the  subjects  of  them  being  placed 
upon  an  insulating  stool.  The  collector-plate  of  a  condenser,  which 
was  screwed  upon  the  electrometer,  was  touched  by  the  person, 
while  the  other  plate  of  the  condenser  communicated  with  the 
earth.     The  results  obtained  are  the  following: — 

1.  As  a  general  rule,  the  kind  of  electricity  evidenced  by  man  in 
the  healthy  state  is  the  positive. 

2.  It  seldom  exceeds  in  intensity  the  electricity  excited  when  cop- 
per, which  communicates  by  a  conducting  substance  with  the  earth, 
comes  in  contact  with  zinc. 

3.  Excitable  persons  of  a  sanguine  temperament  have  more  free 
electricity  than  indolent  persons  of  a  phlegmatic  temperament. 

4.  The  quantity  of  electricity  is  greater  in  the  evening  that  at 
other  periods  of  the  day. 

5.  Spirituous  drinks  increase  the  quantity  of  electricity. 

6.  Women  are  more  frequently  negative  electric  than  men,  al- 
though there  is  no  determinate  rule  for  the  greater  prevalence  of  this 
kind  of  electricity  in  them.  Gardini  had  found  that  women  manifested 
negative  electricity  at  the  time  of  menstruation,  and  also  during  preg- 
nancy. 

7.  In  the  winter,  the  bodies  of  persons  who  are  very  cold,  at  first 
give  evidence  of  no  electricity;  but  it  gradually  becomes  manifest  as 
warmth  is  restored. 

8.  The  body,  when  perfectly  naked,  manifests  the  same  pheno- 
mena, which  are  also  common  to  all  parts  of  it. 

9.  During  the  continuance  of  rheumatic  affections,  the  electricity 
of  the  body  seems  to  be  reduced  to  zero,  and  to  become  manifest 
again  as  the  disease  subsides.  It  appeared  to  Humboldtt  also,  that 
rheumatic  patients  had  au  insulating  action  on  the  feeble  current 
produced  by  a  simple  galvanic  circle. 

Do  any  vital  actions  depend  on  electricity? — Much  has  been  said 
of  the  production  of  several  vital  actions,  particularly  those  of  the 
nerves,  by  the  agency  of  electricity.  But  nothing  of  this  kind  has 
been  demonstrated.    Neither  Personf  nor  1  have  ever  been  able  to 

•  Meckel,  Archiv.  iii.  161.  / 

t  Humboldt,  uber  die  (^ereizte  Maskel.  nnd  Nervenfaser,  i.  v.  159. 

\  Magendie,  Journal  de  Physiol,  x.  216. 
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detect  electric  currents  in  the  nerves.*  Pouillet  at  first  thonght  that 
he  had  perceived  electric  currents  in  needles  inserted  into  the  flesh  in 
the  operation  of  acupuncturation:  but  he  has  himself  acknowledged 
bis  error.t 

In  the  nerves  themselves  Matteuci  could  detect  no  electric  action; 
noT  could  he  discover  that  the  nerves  affected  the  galvanometer, 
even  when  the  current  of  a  galvanic  battery  is  passed  through  them. 
Hence,  even  if  there  were  really  electric  currents  in  the  nerves,  they 
would  not  be  detected  by  the  galvanometer  J  Bellingeri  has  made 
some  experiments  on  the  electricity  of  the  blood  removed  from  the 
body,  as  well  as  on  that  of  the  bile,  and  of  the  urine,  from  wliich  he 
concludes  that  in  inflamed  blood  the  electricity  is  diminished,  and  that 
blood  retains  its  electricity  long  after  it  has  been  abstracted  from  the 
body.§  But  how  desirable  it  would  be  to  prove  first  the  real  ex- 
istence of  free  electricity  in  the  blood  generally! 

The  experiments  of  Donn6,  Matteuci  and  others,  which  seemed 
to  show  that  galvanic  currents  existed  between  diflerent  parts  of  the 
living  body,  as  between  the  inner  and  outer  surface  of  the  skin,  and 
between  the  liver  and  stomach  of  an  animal,  arc  now  known  to  be 
inapplicable;  for  similar  phenomena  have  been  produced  on  the  dead 
body  by  Weber,  {Qiiestio7ies physiologicai  de  P/iaenomenis  galvaiW" 
magneticis  de  corpore  humano  observatis,  Lips.  1836.)  It  appears 
from  the  observations  of  M.  Weber,  that  no  substance  in  the  human 
body  is  so  good  a  conductor  of  galvanism  as  the  metals;  for  the  dif- 
ferent parts  of  the  human  body  do  not  conduct  the  galvanic  influence 
better  than  substances  impregnated  with  blood  and  warm  saline 
fluids  might  be  expected  to  do,  namely,  from  ten  to  twenty  times 
better  than  distilled  water  of  the  same  temperature,  which  is  about 
the  conducting  power  of  a  warm  saline  solution.  This  refutes  the 
notion  of  those  persons  who  imagine  that  the  nerves  resemble  the 
metals  in  being  excellent  conductors  of  electricity.  The  epidermis 
especially,  when  dry,  is  a  very  bad  conductor,  being  fifty  times  infe- 
rior to  the  rest  of  the  body  in  this  respect. 

Galvanism  is  generated  by  the  contact  of  different  metals  with  the 
living  as  well  as  with  the  dead  body.  Weber  observed  the  develop- 
ment of  galvanic  electricity,  not  merely  from  the  contact  of  copper 
with  zinc,  brought  into  connection  by  means  of  a  metallic  conductor, 
but  also  from  the  contact  of  the  body  with  two  portions  of  copper, 
when  a  circle  was  formed  with  them.  He  has  likewise  noticed 
the  production  of  thermo-electricity  in  the  animal  body;  it  was  mani- 
fested when  the  ends  of  an  arch  of  copper  were  held  in  the  hands, 
of  which  one  was  immersed  in  cold,  the  other  in  hot  water,  in  this 
respect,  therefore,  the  animal  body  exactly  resembles  the  metals.  M. 
Weber  found  that  if  a  bar  of  iron  was  held  near  the  muscles  of  the 

*  This  subject  is  more  particularly  discussed  in  the  Book  on  the  Nervous  Sys- 
tem. 

JMaj^ndie,  Joornnl  de  Physiol,  v.  5. 
Matteuci,  LMnstitut.  No.  7^. 
S  Experimenta  in  electricitatem  saDguinis,  urine,  et  bills,  Mem.  d.  A.  d.Tor.  ▼• 
ei^Froriep,  NoU  19, 177. 
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body  when  they  were  made  to  contract,  the  magnetic  needle  moved. 
But  it  remains  a  question,  which  he  reserves  for  further  experiments, 
to  determine  how  far  the  motion  of  the  needle  depended  on  galvanic 
currents  in  the  animal  body,  and  not  on  disturbance  of  the  mag- 
netic state  of  the  iron  bar  from  other  causes.  Several  physiologists, 
as  Hunter,  Abernethy,  Prochaska,  Prevost  and  Dumas,  Dutrochet, 
and  others,  have  attributed  many  processes  in  the  animal  body  to 
electric  action.  In  treating  of  the  nervous  system,  1  shall  show,  how- 
ever, that  although,  as  appears  from  many  experiments,  electric 
actions  can  be  generated  in  the  nerves,  still  the  mode  of  action  of 
the  nerves  is  wholly  different  from  that  of  electricity.  Among 
modern  physiologists,  no  one  has  carried  the  hypothesis  of  electricity 
being  the  cause  of  vital  phenomena  to  a  more  extravagant  length 
than  the  chemist  Meissner.* 

Pouillet  has  endeavoured  to  prove,  that  during  the  vegetation  of 
plants,  an  abundance  of  electricity  is  developed.  He  first  investi- 
gated the  generation  of  electricity  in  the  formation  of  carbonic  acid. 
His  experimentst  must  be  repeated  with  the  necessary  modification 
on  incubated  eggs,  and  on  animals,  with  reference  to  the  formation 
of  carbonic  acid  during  respiration. 

2.    Of  the  generation  of  caloric. 

The  temperature  of  the  human  body  in  those  internal  parts  which 
are  most  easily  accessible,  such  as  the  mouth  and  rectum,  is  97-7^  or 
98-6*^  Fahr.  The  temperature  of  the  blood  is  found  to  be  from 
100|°  to  1013°;  M.  Magendie  states  it  at  101-750;  Thompson  at  101®; 
in  some  diseases  it  is  as  high  as  from  106°  to  107°.  In  the  morbus 
coeruleus,  in  which  there  is  defective  arterialisation  of  the  blood 
from  malformation  of  the  heart,  the  temperature  of  the  body  is  often 
several  degrees  lower  than  natural;  for  instance,  as  low  as  79°  or  77i°; 
in  the  Asiatic  cholera,  a  thermometer  placed  in  the  mouth  rises  only  to 
77°  or  79°.  The  temperature  of  the  body  in  health  is,  according  to 
Autenrieth,  li°  Fahr.  lower  during  the  day;  and  somewhat  lower  in 
the  morning  than  in  the  evening.  In  warm  climates.  Dr.  Davy  found 
the  temperature  of  the  interior  of  the  body  to  be  from  2*7°  to  8-7°  Fahr. 
higher  than  in  temperate  climates;  he  observed  this  diflference  of  tem- 
perature in  individuals  of  different  ages,  and  in  natives  as  well  as  in 
persons  coming  from  cooler  climates.  This  last  observation  is,  how- 
ever, quite  opposed  to  the  results  of  Douville's  experiments.:!:  During 
the  voyage  of  the  Bonite,§  the  French  naturalists  had  an  opportunity 
of  observing  the  influence  of  climate  on  the  human  body.  Their 
observations  (more  than  4000  in  number)  were  commenced  in  April 
1836,  and  continued,  with  few  interruptions,  every  day  at  3  o'clock 
P.  M.  until  November  6th,  1837.  The  subjects  were  eight  sailors, 
and  two  men  who  worked  in  the  hold  of  the  ship.  The  results  ob- 
tained were,  that  the  temperature  of  the  human  body  rises  and  falls, 

*  System  der  Heilkunde  aus  den  allgemeinsten  Natorgesetzen.    Wien,  189S. 

IAnnal.  de  Chim.  et  de  Phys.  35,  420. 
Froriep,  Nottxen,  N.  686.  $  Comptes  Rendoi,  1838,  p.  456. 


• 


TEMPERATURE  OF  MAMMALIA  Am)  BIRDS. 


75 


(hough  in  a  slight  degree  only,  with  the  external  temperature;  that 
it  falls  slowly  in  passing  from  hot  to  cold  climates,  and  rises  more 
rapidly  in  returning  towards  the  torrid  zone:  but  that  these  changes 
in  the  temperature  of  the  body  are  more  consideraole  in  some  indi- 
viduals than  in  others.  The  temperature  of  the  ten  men  at  Cape 
Horn,  lat  59°  S.  when  the  temperature  of  the  air  was  0°  C.  or  32° 
Fahr.  diflfered  only  about  1°  C.  or  1|°  Fahr.  from  the  mean  tempe- 
rature of  the  same  men  when  at  the  Ganges,  near  Calcutta,  in  an 
external  temperature  of  40°  C.  or  104**  Fahr.  According  to  the 
observations  of  MM.  Becquercl  and  Breschet,  the  temperature  of  the 
body  is  the  same  in  individuals  living  at  high  elevations  on  moun- 
tains and  in  those  inhabiting  the  plains  below. 

Temperature  of  mammalia  and  birds, — Tiademann  and  Rudol- 
phi  have  collected  all  the  facts  known  relative  to  the  temperature  of 
different  animals. 

THe  following  is  derived  from  the  more  copious  table  of  Tiede- 
mann: — * 


The  Ox 

Sheep 

Hone 

ElephaDt 

Gninee-pig 

Hare 

Rabbit 

Sqoiirel 

Seal 

Dog 

Cat 

Bat-^Veepertilio  noetnla 

'Veapertllio  pipiitrellui 
Ape. — Simia  aigula 
Porpoiee. — Delpbinoi  phocsna 
NanrbaL^Monedon  monoceros 
Whale^ — Balnna  mjitioetui 


hae  a  temperature  of  from 


990  to  1040  Fahr. 

100-40O  to  1040. 

970  to  98'24«>. 
99-50. 

9G  370  to  100-40*'. 
lOQo. 

99*46°  to  1040. 

105° 

1020. 

99-30°  to  1 00-300 

98*600  to  1 03-600. 

1U20. 

1050  to  IO60. 

ia3-86o. 

96  90O  to  99-500. 

960. 

1030. 


From  this  table  ic  appears,  that  the  heat  of  the  body  varies  in  the 
diflereot  genera  of  mammalia;  and  it  is  also  seen^  that  there  is  no 
remarkable  difference  between  the  cetacea  and  the  other  mammalia 
in  respect  to  their  temperature. 

The  temperature  of  the  body  in  birds  seems,  from  the  following 
table,  wbidi  is  also  taken  from  Tiedemann,  to  be,  almost  without 
exGeption^  higher  than  in  man  and  mammalia: — 


The  gull.^— Lami  has  a  temperatare 

White  game.— Tetrio  albai 

Common  eoek 

Common  hen 

Pigeon 

Dock,  diflerent  tpeciea 

Bearded  Toltore.— Voltur  barbatua 

Faloo,  different  apecica 

RaTen^--CorvaB  coraz 

Fringilla,  different  epeeiee 

Great  titmoaae.— Parua  major 

Hirando  lagopoe 


of  1000  Fahr. 
1020. 

102-990  to  1 03-780. 

102-990  to  1 09-940. 

106-700  to  1 09-580. 

lOeotolllo. 

107-490. 

104-50O.  to  109-740. 

105-990  to  109-23* 

1070  to  111-250. 

111-250. 

Ill  250. 


L  464.    The  English  translBtion,  S34. 
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Production  of  animal  heat  in  old  age  and  early  /(/e.«- Edwards 
found  the  power  of  generating  heat  to  be  less  active  in  old  people. 
It  was  shown  by  the  experiments  of  Autenrieth  and  Schuetz,*^  that 
the  embryo  of  Mammalia  owes  its  heat  to  the  mother,  and  loses  it 
when  removed  from  the  uterus.  The  same  rapid  diminution  of 
temperature  was  observed  by  M.  Edwards  in  the  new-born  young 
of  most  carnivoroiis  and  rodent  animals  when  they  were  removed 
from  the  parent,  the  temperature  of  the  atmosphere  being  between 
50^  and  53i°  Fahr.;  whereas,  by  lying  close  to  the  body  of  the 
mother,  their  temperature  was  only  2  or  3  degrees  lower  than  hers. 
The  same  law  applies  to  the  young  of  birds.  Young  sparrows,  a 
week  after  they  were  hatched,  had  a  temperature  of  95*^  to  97^, 
while  in  the  nest;  but  when  taken  from  it,  their  temperature  fell 
in  one  hour  to  66i°,  the  temperature  of  the  atmosphere  being  at 
the  time  62i^.  Other  experiments,  which  M.  Edwards  instituted, 
showed,  that  the  want  of  feathers  is  not  the  cause  of  this  rapid 
cooling.t  It  appears  from  his  investigations,  that  several  kincis  of 
mammiferous  animals  are  born  in  a  much  less  perfectly  developed 
condition  than  others:  that  the  young  of  dogs,  cats,  and  rabbits,  for 
example,  are  far  inferior  in  the  power  of  generating  heat,  to  the 
young  of  other  animals  which  are  not  born  blind.  In  fourteen  days 
this  defect  is  removed,  and  they  have  then  reached  the  stage  at 
which  the  young  of  those  of  other  animals  are  born.J  The  need  of, 
external  warmth  to  keep  up  the  temperature  of  new-born  children 
is  well  known;  it  is  not  less  necessary,  indeed,  than  to  the  young  of 
carnivorous  and  rodent  animals.  The  statistical  researches  of  M. 
Edwards  have  shown  that  the  want  of  external  warmth  is  a  much 
more  frequent  cause  of  death  in  new-born  children  than  has  been 
hitherto  supposed.(a)§ 

Effects  of  cold  on  adult  tvarm-blooded  animals. — Hybernation. 
— The  generation  of  caloric  in  adult  warm-blooded  animals  is  in  a 
certain  measure  independent  of  external  temperature:  this  inde- 
pendence, however,  varies  in  degree  according  to  the  geographical 
distribution,  and  the  internal  vital  conditions  of  the  animal;  hence 
the  migration  of  many  animals  with  the  change  of  the  seasons.  It 
appears  from  Captain  Parry's  observations,  that  the  mammiferous 
animals  of  polar  regions  will  support  the  temperature  at  which 
mercury  freezes,  namely, — 40*^  Fahr.,  or  even  a  temperature  as  low 
as — 51°  Fahr.jl  There  are  some  Mammalia,  however,  namely,  the 
hybernating  animals, — the  marmot,  rellmouse,  hamster,  hedgehog, 

*  Experimenta  ciroacalorem  foetus  et  saDguioem.    Tab.  1799. 

t  Froriep,  Notizen,  151. — Edwards,  On  the  Influence  of  Physical  Agents  on 
Life,  translated  by  Drs.  Hodgkin  and  Fisher,  Philad.  Edit. 

$  Compare  Legallois,  MeckePs  Archiv.  iii.  454. 

$  Edwards,  loc.  citat. 

jl  See  Tiedemann,  loc.  cit.  pp.  461,  466.    Translation,  p.  236. 

(a)  The  fact  itself,  notwithstanding  its  vital  importance,  is  too  often  overlooked 
in  the  cases  of  the  scantily  clothed  and  half  denuded  children  of  wealthy  parents. 
Fashion  has  more  weight  than  physiology;  even  when  physicians  press  this  latter 
into  their  aid.  In  the  present  case,  however,  the  latter  are,  in  genml,  singnlarly 
oblivious,  we  must  not  say  ignorant,  of  an  important  and  oteful  principle. 
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great  dormouse  nine  or  ten  times  in  the  same  period.  During  the 
state  of  the  deepest  torpor,  however,  respiration  ceases  entirely;  and 
the  animals  may  then,  if  Spallanzani's  observation  is  correct,  be 
placed  with  impunity  in  an  irrespirable  gas.  Saissy  found  that,  until 
this  last  state  ensues,  they  continue  to  remove  the  oxygen  from  the 
air;  the  quantity  of  oxygen  consumed  decreasing  as  their  tempera- 
ture falls:  but  that  the  absorption  of  oxygen  still  continues,  together 
with  the  exhalation  of  carbonic  acid,  as  long  as  any  of  the  former 
gas  remains  in  the  air;  whereas  animals  which  do  not  hybematey 
such  as  rabbits,  rats,  and  sparrows,  die  when  they  have  consumed  a 
small  portion  only  of  the  oxygen  of  the  air  contained  in  the  vessels. 
M.  Prunelle  states  that  the  arterial  blood  of  the  bat  is  less  bright  in 
colour  during  hybernation.  With  respect  to  the  circulation,  Saissy 
.  found  that,  at  the  commencement  and  towards  the  termination  of  the 
state  of  hybernation,  the  motion  of  the  blood  is  extremely  slow;  and 
that  when  the  torpor  is  complete,  the  capillaries  of  the  extreme 

farts  are  almost  empty,  and  the  large  vessels  only  half  distended* 
t  was  only  in  the  larger  trunks  of  the  chest  and  abdomen  that  an 
undulatory  motion  of  the  blood  was  still  observable.  In  the  bat, 
during  hybernation,  the  heart  beats,  according  to  Prunelle,  only  iftf 
or  fifty-five  times,  according  to  Dr.  M.  Hall*  only  twenty-eight  times, 
in  the  minute,  while  ordinarily  it  beats  about  two  hundred  times  in 
the  same  interval.  Sensibility,  as  tested  by  mechanical  or  galvanio 
stimulants,  is  diminished,  but  it  is  not  entirely  wanting,  except  during 
the  state  of  the  deepest  torpor.  The  statement  that  the  irritability 
of  the  muscles  is  diminished  in  hybernating  animals  appears  to  be 
incorrect.  The  observations  of  M.  Mangilit  and  Dr.  M .  Hall  show, 
that  the  irritability  both  of  the  heart  and  the  voluntary  muscles  con- 
tinues much  longer  after  death  than  it  ordinarily  does  in  warm- 
blooded animals.  In  this  circumstance,  and  in  the  continuance  of 
the  heart's  action,  though  the  respiration  is  nearly  suspended,  and 
the  blood  circulating  in  the  arteries  nearly  venous,  hybernating  ani- 
mals, as  Dr.  Hall  remarks,  resemble  reptiles.  Sensation  and  voUtion 
are  suspended  during  hybernation,  but  the  excitability  of  the  parts 
of  the  nervous  system  engaged  in  the  production  of  the  reflex  move- 
ments remains.  A  slight  touch  applied  to  one  of  the  spines  of  the 
hedgehog  causes  it  to  draw  a  deep  inspiration;  the  least  disturbance 
indiKes  motion  in  the  animal,  j:  The  secretions  do  not  wholly  cease; 
for  Prunelle  found  that  bats  lost  ^^  of  their  weight  between  the  19th 
of  February  and  the  12th  of  March. 

Saissy  states,  moreover,  that  the  blood  of  hybernating  animals 
(the  marmot  and  hedgehog)  is  remarkable  for  the  small  quantity  of 
fibrin  and  albumen  which  it  contains;  that  the  bile  is  sweetish,  but 
*  that  the  fat  is  unchanged.  According  to  Prunelle  and  Tiedemann,§ 
an  apparently  glandular,  but  really  fatty,  mass  forms  on  the  neck  and 
anterior  mediastinum  before  hybernation:  this  fatty  mass,  JacobsonH 
remarks,  was  incorrectly  compared  with  the  thymus  gland.    OttoT 


•  Philos.  Transact.  1832,  p.  17. 
j:  Cyclop  of  Anat.  art.  Hybernation. 
II  Ibid.  ill.  151, 153. 
^  N.  act.  ac.  c««,  nat.  car.  t.  xiil.  p.  1. 


f  Ann.  da  Mus^am.  t.  z. 

$  Meckel,  ArehlT.  t.  i.  p.  481. 
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has  discovered  a  vessel,  which  might  be  compared  to  the  internal 
carotid,  passing  through  the  stapes  of  tlie  tympanum  in  several 
genera:  all  of  which,  he  says,  are  subject  to  a  state  of  more  or  less 
complete  hybernation.  Hyrtl  has  observed  the  same  structure  in  the 
guinea-pig  also;  while  he  finds  it  wanting  in  the  rellmouse.  A 
similar  artery,  but  of  very  small  size,  sometimes  exists  in  man. 
The  assertion  of  Mangili,  that  the  cerebral  vessels  are  remarkably 
small  in  hybernating  animals,  is  denied  most  expressly  by  Otto, 
who  also  did  not  observe  the  large  size  of  the  nerves  of  the  super- 
ficial parts,  which  was  spoken  of  by  Saissy.  It  is  generally  known 
that,  during  hybernation,  a  part  of  the  fat  formed  in  the  autumn  is 
consumed  to  nourish  the  body;  but  the  experiments  of  Pallas,  who 
produced  hybernation  during  the  height  of  summer  by  means  of 
artificial  cold,  prove  the  incorrectness  of  the  theory  which  supposes 
that  it  is  the  accumulation  of  fat  and  the  enlargement  of  the  glands 
in  the  chest  and  neck  during  the  autumn,  which  induce  hybernation, 
by  exerting  pressure  upon  the  respiratory  nerves.  The  spinal  cord 
is  very  short  in  the  hedgehog;  but  this  is  not  a  general  character  of 
hybernating  animals.* 

Cause  qf  hybernation, — Before  all  the  facts,  presently  to  be 
noticed,  with  respect  to  the  cause  of  animal  heat  were  considered, 
DO  inqniry  concerning  the  spontaneous  diminution  of  this  power  of 
generating  heat  during  hybernation,  and  the  causes  of  this  latter 
phenomenon,  could  be  attended  with  any  satisfactory  result.  The 
phenomenon  of  hybernation  as  presented  by  a  few  animals  must  not 
be  considered  in  an  isolated  manner,  but  the  investigation  should  be 
grounded  upon  the  fact,  that  all  animals,  when  the  external  temper- 
ature falls  below  a  certain  point,  become  torpid,  without  thereby 
entirely  losing  the  capability  of  living.  The  point  to  which  the  ex- 
ternal temperature  may  be  lowered  without  the  state  of  torpor  being 
induced,  varies  very  much  according  to  the  organisation  of  the  differ- 
ent animals,  and  their  geographical  distribution. 

1.  Man  evidences  in  this  respect  a  very  great  tenacity  of  the 
organic  powers;  since,  under  favourable  circumstances,  he  maintains 
his  proper  temperature  in  all  climates  in  which  animals  exist, — in 
the  extreme  north,  as  well  as  under  the  equator.  But  even  man, 
when  deprived  of  necessary  covering  and  acted  on  by  cold,  or,  in 
other  words,  deprived  of  a  vital  stimulus,  falls  into  a  state  of  torpor, 
and  the  more  easily  when  his  vital  force  is  depressed  by  the  influence 
of  intoxicating  substances. 

8..  Many  animals  fall  readily  into  this  state  of  torpor,  when  the 
necessary  degree  of  external  warmth  in  harmony  with  their  geo- 

*  llie  principal  treatises  on  hybernation  are: — Saissy,  Recherches  experiroen- 
ttlet  anrntomiqnet  sur  la  physique  des  animaux  mammi feres  hybemans;  Paris  et 
Lyoa,  1806;  uberaetzt  von  Nasse.— Reil,  Archiv.  fiir  Physiol,  t.  xii.  p.  393. 
Saissy,  Mem.  de  Turin,  1810-1812.— Meckel,  Archiv.  fiir  Physiol,  t.  iii. — 
Mangili  uber  den  Winterschlaf,  in  ReiPs  Archiv.  Bd.  8.— Prunelle,  Recherches 
ior  lea  phenom^nes  et  sur  les  eaoses  da  sommeil  hifemal:  Ann.  da  Mas.  t.  xviii. 
—Gilbert's  Aonalen,  Bd.  40, 41. 
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graphical  distribution  is  wanting.  It  is  from  the  necessity  of  a  certain 
external  temperature  that  birds  migrate. 

3.  The  young  of  Mammalia  become  torpid  at  a  temperature  which 
is  sufficiently  elevated  for  maintaining  the  vital  force  of  the  adult 
animals  in  an  active  state.  This  is  proved  by  the  observations  of 
Legallois,  on  rabbits  six  or  eight  weeks  old,  which  however  may  be 
restored  from  the  torpid  state  by  raising  the  temperature  of  the 
medium. 

Now,  in  all  these  cases  the  cold  cannot  exert  a  directly  depressing 
influence  on  the  respiratory  process,  and  thus  on  the  heat  of  the 
body:  indeed,  all  the  symptoms  which  usher  in  the  torpor,  namely, 
the  insensibility,  sleepiness,  and  debility,  are  indicative  of  depres-- 
sion  of  vital  force  from  want  of  vital  stimulus.  The  effect  on  the 
respiration  must,  therefore,  be  regarded  as  a  consequence,  not  as 
the  cause  of  the  torpor,  just  as  in  the  case  of  syncope  from  nervous 
affections.  The  diminution  of  the  temperature  of  the  body  is  like- 
wise a  consequence  of  the  depression  of  vital  energy,  which  may 
perhaps  prevent  the  generation  of  caloric  in  the  lungs,  by  primarily 
causing  retardation  of  the  respiratory  movements,  and  rendering  the 
respiratory  process  less  active.  The  facility  with  which  this  state 
of  torpor  is  induced  in  some  animals  arises,  therefore,  from  the 
greater  delicacy  of  their  structure,  and  from  the  vivifying  and  stima- 
lating  influence  of  warmth  being  more  necessary  for  the  continuance 
of  their  organic  processes.  This  must  also  be  regarded  as  the  cause 
of  the  winter  sleep  of  hybernating  animals,  in  which  the  only  great 
peculiarity  is,  that  in  them  the  torpor  may  continue  a  long  time 
without  danger  to  life.  Of  the  causes  of  hybernation  advanced  by 
Saissy  and  others,  some  are  merely  consequences  of  the  depression 
of  vital  energy;  others,  such  as  the  supposed  large  size  of  the  external 
nerves  and  small  size  of  the  cerebral  vessels,  do  not  exist. 

The  hybernation  of  animals  then  is  perfectly  analogous  to  what 
is  called  the  nocturnal  sleep  of  plants, — the  change  of  position  of 
their  leaves, — which  is  also  occasioned  by  the  want  of  the  stimulus  of 
light;  and  hence  it  is  sometimes  observed  during  the  day,  when  plants 
are  placed  in  the  shade.*  The  ordinary  sleep  of  animals,  on  the  con- 
trary, is  by  no  means  dependent  on  want  of  stimulus;  but  arises  from 
the  material  change  and  exhaustion  induced  in  the  body  by  the  state 
of  action,  and  may,  therefore,  occur  naturally  at  any  time  of  the  day, 
although  from  accidental  causes  it  mostly  comes  on  at  night 

The  summer  sleep  of  reptiles  and  of  the  tanrec  seems,  on  the 
other  hand,  to  arise  from  a  disturbance  of  the  system  induced  by  too 
much  heat.  The  want  of  water  also  appears  to  be  a  main  cause  of 
this  state,  which  may  therefore  be  regarded  as  the  effect  of  the  defi- 
ciency of  one  vital  stimulus,  and  of  the  excess  of  another.t 

Effects  of  external  heat  on'  the  temperature  qf  warm-blooded 
animals. — If  the  temperature  of  the  atmosphere  in  which  a  mam* 

•  Joum.  de  Phyi.  GS,  194. 

t  See  also  Paatre,  Nov.  Act.  Acad.  Nat.  Cor.  14,  661. 
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miferons  animal  is  placed  exceeds  the  natural  heat  of  its  body,  a 
slight  elevation  takes  place  in  the  temperature  of  the  animal's  body, 
but  not  in  proportion  to  the  elevation  of  the  external  temperature. 
Experiments  have  been  instituted  by  Duiitze,*  Fordyce,  Banks, 
BlagdeUyt  and  Delaroche  and  Berger,  to  ascertain  the  effect  of  in- 
creased external  heat  on  the  temperature  of  the  body.  Sir  C.  Blag- 
den  and  others  supported  a  temperature  varying  between  1 98°  and 
211°  Fahr.  in  a  dry  air  for  several  minutes;  in  a  subsequent  experi- 
ment Blagden  himself  remained  eight  minutes  in  a  temperature  of 
260^;  Delaroche  and  Berger  observed  an  elevation  of  temperature  of 
a  few  degrees  only  in  rabbits  exposed  to  a  heat  varying  from  122° 
to  194°  Fahr.  In  birds,  also,  the  heat  of  the  body  did  not  rise  com- 
mensurately  with  that  of  the  surrounding  atmosphere;  it  did  not 
undergo  an  elevation  of  more  than  1 1°  or  12''4  This  power  of  main- 
taining nearly  their  original  temperature  when  exposed  to  great 
external  heat,  is  due  to  the  cooling  effect  of  the  increased  perspira- 
tion of  animals  under  these  circumstances.  The  correctness  of  this 
explanation  is  proved  by  the  circumstance  observed  by  Delaroche, 
that  if  the  heated  atmosphere  is  at  the  same  time  saturated  with 
moisture  which  prevents  exhalation  taking  place,  the  temperature  of 
the  animals  rises  4^,  7°,  even  9°  higher  than  that  of  the  surrounding 
medium.  It  must  not,  however,  be  forgotten  that  the  increased 
evaporation  from  the  surface  of  the  body  in  a  dry  heat  does  not 
arise  solely  from  physical  causes;  but  that  the  external  heat  here 
excites  an  organic  function.  In  fact,  when  there  is  great  internal 
heat,  evaporation  is  often  prevented  by  internal  causes;  and  in  many 
fevers  the  skin  is  intolerably  hot,  merely  from  its  being  dry,  and  from 
perspiration  being  obstructed. 

MM.  Becquerel  and  Brechet§  have  employed  their  thermo-electric 
apparatus  to  ascertain  the  effect  produced  on  the  temperature  of  the 
human  body  by  immersion  in  hot  water.  They  examined  first  the 
effect  of  immersion  of  parts  of  the  body.  The  biceps  muscles  of  the 
right  arm  of  two  young  men  having  been  ascertained  to  be  equal  in 
temperature,  the  arm  of  one  was  immersed  for  a  quarter  of  an  hour 
in  water  at  42°  C.  (or  107*6°  Fahr.):  an  elevation  in  the  temperature 
of  the  arm  was  produced  amounting  to  |°  C.  (rather  more  than  i° 
Fahr.)  Immersion  of  the  entire  body  during  twenty  minutes  in  a 
bath  of  the  temperature  of  49°  C.  (120}°  Fahr.)  caused  the  heat  of 
the  arm  to  rise  from  |°  to  f"  C,  the  pulse  beating  at  the  same  time 
112  times  in  a  minute.  In  another  experiment  the  body  was  im- 
mersed in  water  of  the  temperature  of  42*5°  C.  (108i°  Fahr.)  during 
twenty  minutes  without  undergoing  any  rise  of  temperature,  though 
the  skin  was  reddened  and  the  head  congested.  The  temperature 
of  the  muscles  of  a  dog  rose  successively  4°  and  1J°  C.  in  five 
minutes  when  it  was  immersed  in  water  at  49°  C.  (120}°  Fahr.) 

*  £xp.  ealorem  aniiDaliam  speotantia.    Lugd.  Bat.  1754. 
t  PhilM.  Transact.  1775,  ▼.  65. 

i  Delaroche  aod  Bereer,  Exp.  sur  lea  eflfeu  qu*une  forte  chalear  produit  dans 
recoDooiie  animale.    l^ris,  1806.— Journal  d.  Phya.  71.— Reil,  Archiv.  12,  370. 
i  Comptet  Rendns,  1838,  i.  439. 
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The  elevation  of  temperature  took  place  principally  when  the  ani- 
mal became  enraged. 

Temperature  of  cold-blooded  vertebratOy  and  effects  of  cold  emd 
heat  on  them. — It  has  been  often  saidj»  though  incorrectly,  that  cold- 
blooded animals  have  themselves  no  power  of  generating  heat,  but 
derive  their  temperature  solely  from  the  surrounding  medium.  With 
respect  to  Reptiles  and  Amphibia,  the  researches  of  Dr.  Davy,  Czer- 
inack,  Wilford  and  Tiedemann,  have  proved  that  the  temperature  of 
these  animals,  although  it  generally  falls  with  that  of  the  surround- 
ing medium  to  a  certain  point,  is  nevertheless  mostly  two  or  more 
degrees  higher;  and  that  although  their  temperature  rises  also  with 
that  of  the  medium,  yet  at  a  certain  point  it  ceases  to  be  higher,  and 
at  great  degrees  of  heat  is  even  lower  than  the  external  tempera- 
ture.* 

Tiedemannt  found  the  temperature  of  frogs  higher  than  that  of 
the  water  around  them;  and  at  night,  when  the  water  generally  was 
frozen,  a  frog  had  a  temperature  of  33^  Fahr.,  and  the  water  around 
it  was  unfrozen.  Frogs  seem,  from  the  observations  of  Delaroche, 
to  have  also  the  power  of  preserving  a  low  temperature  in  a  great 
external  heat  by  means  of  exhalation. 

The  experiments  of  Berthold,  which  appear  to  have  been  per- 
formed with  great  care,  show,  that  the  difference  between  the  tem- 
perature of  Amphibia  and  that  of  the  surrounding  medium  is  really 
very  slight.  He  found  that  these  animals  had  generally  a  lower 
temperature  than  the  air,  owing  to  the  cooling  effect  of  evaporation. 
In  water,  frogs  were  of  the  same  temperature  as  the  water.  During 
the  act  of  copulation,  their  temperature  was  i°  to  1^  R.  or  i^  to  i^ 
Fahr.  higher  than  that  of  the  water.  Reptiles,  when  the  external 
temperature  is  moderate  or  rather  elevated,  have  a  heat  i^  to  If^ 
Fahr.  higher  than  the  air  or  water  at  the  time4 

Fishes  appear,  from  the  experiments  of  Martine,  J.  Hunter,  Brous- 
sonet.  Dr.  Davy,  and  Despretz,  to  have  a  temperature  one  or  two 
degrees  higher  than  that  of  the  surrounding  water.  Berthold  de- 
tected no  difference  between  the  heat  of  fishes  and  that  of  the  water 
around  them.  Dr.  Davy  ascertained  that  the  temperature  of  a  shark 
was  77°  Fahr.  when  the  temperature  of  the  sea  was  741°  Fahr.  The 
observations  of  Dr.  Davy§  on  the  elevated  temperature  of  the  thunny 
are  extremely  interesting.  He  found  the  temperature  of  the  Thyn- 
nua  pelamys  to  be  99°  Fahr.  when  the  thermometer  placed  in  the 
surrounding  water  stood  at  80i°  Fahr.  The  common  thunny  was  also 
reported  by  fishermen  to  have  a  high  temperature.  Whether  this 
circumstance  is  in  any  way  dependent  on  the  presence  of  the  vascu- 

*  See  the  namerous  experiments  of  Czermack  on  the  temperatnTO  of  reptiles  ia 
Baumffaertner's  and  Ettinhaasen's  Zeitschrift  far  Phjsik  and  Matheroatik,  3  Bd. 
384.    Troriep,  Notiz.  579.— Philos.  Trans.  1814.— Jameson's  Joarnal,  ▼.  six. 

t  Tiedemann,  Physiol,  i.    Translation  by  Drs.  Gully  and  Lane,  p.  840. 

\  Neoe  Versuche  aber  die  Temperatar  der  Kaltbldtigen  Thiers.  Uotting.  1835. 
Mdller^s  Archiv.  1836,  Jahresbericht,  p.  exix. 

$  LUnstitut.  108.    [Philos.  Trans.  1835.] 
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lar  plexusy  discovered  by  Eschricht  and  myself  in  connection  with 
the  vena  porta  and  arteries  of  the  abdominal  viscera  in  these  fishes, 
must  be  determined  by  further  observations  on  them  and  on  the 
other  fishes  in  which  we  have  found  the  same  vascular  structures, 
namely,  the  Squalua  cornubicua  and  the  Squalus  vuipis,* 

Some  cold-blooded  animals  also  present  the  phenomenon  of  hy- 
bernation. Sir  J.  Franklin  relates,  that  in  the  arctic  regions  many 
fishes,  when  laid  upon  the  ice,  instantly  became  torpid,  but  recovered 
again  after  several  hours  or  days.  It  has,  however,  been  frequently 
asserted,  that  fishes  continue  to  live  in  ice,  and  that  the  water  around 
them  is  not  frozen.t  Pallas  j:  relates,  that  Crucians  ( Cyprinus  caras- 
iius)  are  restored  to  life  on  the  melting  of  the  lakes  in  Siberia,  which 
were  frozen  to  the  bottom;  and  mentions  a  similar  fact  observed  by 
Bell,  namely,  the  revival  of  gold-fishes  from  frozen  water.  Reptiles 
become  torpid  not  only  during  winter,  at  the  commencement  of 
which  they  bury  themselves,  but  during  summer  also,  in  hot  climates. 
In  the  dry  season  reptiles  bury  themselves  and  fall  into  a  state  simi- 
lar to  hybernation,  from  which  they  recover  in  the  rainy  season. 
Humboldt  has  observed  some  very  interesting  facts  of  this  kind.  In 
warm-blooded  animals  there  is  only  one  known  instance  of  this 
summer  sleep;  that  is  in  the  Tanrec, — the  hedgehog  of  Madagascar. 

Temperature  of  invertebrate  animals. — Complete  observations 
on  the  temperature  of  invertebrate  animals  are  still  wanted;  but  the 
facts  already  known  prove  that  their  temperature,  like  that  of  the 
other  cold-blooded  animals,  varies  with  the  temperature  of  the 
medium.  That  it  may,  nevertheless,  even  in  insects,  be  a  degree  or 
two  higher  or  lower  than  the  external  temperature,  is  evident  from 
the  experiments  of  Martine,  Hausmann,  Rengger,  and  Dr.  J.  Davy; 
while  in  beehives  and  anthills,  a  very  much  higher  temperature  has 
been  observed.  In  his  numerous  observations,  Mr.  Newport§  was 
always  able  to  detect  a  certain  degree  of  independent  heat  even  in 
single  insects,  provided  they  were  in  a  state  of  activity;  and  sometimes 
the  temperature  of  the  insect  was  as  much  as  20?  above  that  of  the 
surrounding  air.  In  the  river  crawfish,  Rudolphi  saw  the  thermome- 
ter, which  in  the  water  was  at  52^°,  rise  to  54i%  and  even  to  59°  F. 
Similar  evidences  of  independent  heat,  though  less  considerable, 
have  been  observed  in  the  mollusca.||  In  snails  the  temperature  is 
two  degrees  higher  than  that  of  the  atmospheric  medium. 

The  insects  and  mollusca,  of  temperate  and  cold  climates  at  least, 
are  known,  with  certainty,  to  be  subject  to  hybernation.     Some  of 

*  See  Eschricht  and  Mailer  in  the  Abhandl.  der  Acad,  der  Wissench.  Za 
Berlin  Tom  Jahn.  1836,  and  Nachtrag. 

JJabresberieht  der  Schwed.  Acad,  iibersetzt  von  J.  Miiller,  1824. 
In  Radolphi's  Grandriss  der  Physiologie,  i.  17G. 
$  PbilM.  TraiMact.  1837,  p.  271. 

I  An  aecoaiit  of  the  different  obaervatioDS  relative  to  this  subject  will  be  found 
in  Rndol  phi's  Physiologie,  179;  in  Treviranus,  Biologie,  5—20;  and  in  Tiede- 
maiiD,  Pfa jsioL  476.    Translation,  p.  244. 
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the  lower  animals  seem  to  require  a  pretly  high  external  temperature. 
The  instance  of  the  small  snail,— the  Cyclostomxim  thermale,  Ran- 
zani, — which  lives  in  the  warm  springs  of  Albano,  the  temperature  of 
which  is  83i°  F.  appears  extraordinary.  Rudolphi  saw  these  ani- 
mals move  briskly  even  in  water  of  994^  F.  But  the  Entozoa  of 
man  and  Mammalia  live  in  an  equal,  those  of  birds  in  a  still  higher 
temperature.  Rudolphi  remarks,  that  the  Entozoa  of  warm-blooded 
animals  become  torpid  and  appear  dead  in  the  cold,  but  revive  when 
placed  in  warm  water;  while  the  Entozoa  of  cold-blooded  animals 
bear  a  low  as  well  as  a  high  temperature. 

The  hybernation  of  snails  has  been  described  by  Gaspard:  he  says 
that,  during  this  state  the  heart  ceases  to  beat;  respiration  is  no  longer 
carried  on;  and  the  tentacula,  if  cut  off,  are  not  reproduced.  These 
animals  also  fall  into  a  summer  sleep  when  the  heat  is  great;  but,  in 
the  summer  sleep,  respiration,  the  heart's  action,  and  the  reproductive 
power  are  not  interrupted.* 
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I  now  proceed  to  investigate  the  means  by  which  heat  is  generated 
in  the  animal  body.  The  first  point  of  interest  in  this  inquiry  is  the 
difference  of  temperature  of  different  parts  of  the  body.  The  tem- 
perature is  lower,  the  further  removed  the  part  is  from  the  centre  of 
the  body.  Thus,  in  the  human  subject,  a  thermometer  placed  in  the 
axilla  stood  at  98°  F.,  at  the  loins  it  indicated  a  temperature  of  964% 
on  the  thigh  94°,  on  the  leg  93°  or  91°,  on  the  sole  of  the  foot  90.**t 
Dr.  J.  Davy  found  the  temperature  of  the  rectum,  in  several  experi- 
ments, somewhat  higher  than  that  of  the  brain:  this  appears  extra- 
ordinary, and  probably  arose  from  some  error  of  observation.  MM. 
Breschet  and  Becquerel  in  investigating  this  subject  employed  the 
thermo-electric  multiplicator.  Into  the  part  of  which  the  temperature 
was  to  be  examined,  they  thrust  a  needle  composed  of  two  different 
needles  united  at  the  point,  and  connected  the  other  ends  of  the  needles 
with  the  wires  of  the  multiplicator.  They  found  the  temperature 
of  muscle  (at  the  depth  of  four  centimeters)  from  2°  to  1-25  centimu 
higher  than  that  of  the  subcutaneous  cellular  tissue,  (at  the  depth  of 
one  centimeter),  a  difference  which  may  be  ascribed  to  the  loss  of 
heat  at  the  surface  of  the  body.  The  mean  temperature  of  the 
muscles  in  man  was  36-77°  C.  or  about  97°  Fahr.  In  the  dog  the 
temperature  of  the  thorax,  abdomen,  and  brain,  was  the  same  as 
that  of  the  muscles.  Dr.  Davy^s  experiments  on  the  temperature  of 
the  different  kinds  of  blood  are  very  interesting.  Eleven  experiments 
were  instituted  on  sheep  and  oxen;  and  from  the  mean  of  these  ex- 

•  Meckel,  Arch  i  v.  8. 

t  Dr.  J.  Davy,  Phil.  Transact.  1814. — Meckel,  Archiv.  ii.  p.  313.  Soe  also  J. 
Hunter^s  experiments  in  his  Treatise  on  Animals  producinj;  heat.  Works, 
Palmer's  edition,  vol.  iv,  p.  145.    Also  his  complete  works.    Philadelphia  ediu 
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periments  it  would  appear,  that  the  temperature  of  arterial  blood  is 
about  1®  or  4^^  F.  higher  than  that  of  venous  blood.*  Ma  vert  found 
the  temperature  of  the  blood  of  the  jugular  vein  to  be  from  i^  to  2° 
Hj  or  from  2i°  to  4i^  F.  lower  than  that  of  the  blood  of  the  carotid; 
but  he  could  not  discover  the  difference  of  temperature  of  the  blood 
of  the  two  sides  of  the  heart,  which  is  spoken  of  by  Davy.  Saissy 
has  made  similar  observations  on  hybernating  animals.  MM.  Bec- 
qnerel  and  Breschet|  have  further  investigated  this  subject,  employ- 
ing the  thermo-electric  multiplicator.  The  mean  difference  betweea 
the  temperature  of  the  venous  and  arterial  blood  of  the  aoria  and 
vena  cava  desceudens  in  the  dog  was  found  by  them  to  be  1  01°  C. 
or  1-83^  F.;  the  mean  difference  between  the  arterial  and  venous 
blood  of  the  femoral  artery  and  vein  was  0-90°  C.  or  I  62°  F.  The 
temperature  of  the  blood  of  the  left  auricle  in  a  Turkey  was  0-90° 
C.  or  1*62°  F.  higher  than  the  blood  of  the  right  auricle.  The  tem- 
perature of  the  blood  both  of  the  arterial  and  of  the  venous  system 
diminishes  from  the  heart  towards  the  extremities. 

1.  l^heory  of  the  production  of  heat  in  respiration.— According 
to  the  theory  of  respiration,  invented  by  Lavoisier  and  Lnplace,  and 
adopted  by  most  modern  chemists,  the  oxygen  of  the  atmosphere 
ciinibines  in  the  lungs  with  the  carbon  of  the  blood,  and  is  expired 
in  the  form  of  carbonic  acid;  and  if  more  oxygen  disappears  from 
the  atmosphere  than  is  accounted  for  by  the  carbonic  acid  expired,  it 
is  supposed,  according  to  a  second  hypothesis,  that  this  portion  of  the 
oxygen  which  does  not  go  to  form  carbonic  acid,  unites  with  hydro- 
gen ill  the  blood,  and  forms  water,  which  is  exhaled.  Admitting 
these  hypotheses,  it  might  bo  imagined  that  the  source  of  animal 
heal  was  the  Ciiloric  developed  during  the  combination  of  the  oxygen 
with  the  carbon  and  liydrcgeu  in  the  lungs.  To  render  this  more 
probable,  and  to  explain  more  easily  the  distribution  through  the 
body  of  the  caloric,  when  developed.  Dr.  Crawford§  stated,  tJiat 
arterial  blood  has  a  greater  capacity  for  caloric  than  venous  blood, 
in  the  proportion  of  about  11-5  to  10.  Thus  he  supposed^  that  the 
caloric  developed  in  the  lungs  at  first  served  to  maintain  the  tem- 
perature of  the  arterial  blood;  and  that  afterwards,  during  the  con- 
version of  this  arterial  blood  into  venous  blood  in  all  parts  of  the 
body,  the  heat,  before  latent  in  the  former,  was  set  free.  Dr.  J. 
Davy  has,  however,  shown  that  the  capacity  of  the  two  kinds  of 
blood  for  caloric  differs,  either  not  at  all,  or  only  very  slightly,  as  in 
the  proportion  of  10  to  1011. 

Buty  supposing  that  Lavoisier's  theory  of  respiration  is  correct,  the 
amount  of  caloric  that  can  be  generated  by  the  respiratory  process 
may  be  n.scertained  by  direct  calculation.  This  calculation  has  been 
made  by  Dulong  and  Despretz.     Dulong  introduced  different  mam- 

*  DaTy,  Tentamen  ex  peri  men  tale  de  sanguine,  Edinb.  1814.^Mecke],  Ar<;hiT. 
I.  109.— Phil.  Tranaact.  1814. 

t  Meclcera  Arehi? .  iii.  337.  t  I/Institot  190. 

§  Dr.  Crawford,  on  animal  heat. — Versucheond  Oeobachtungen  iiberdie  Warme 
der  Thien>.  Leipsio,  1799. 
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miferous  animals,  carnivorous  as  well  as  herbivorous,  into  a  receiveri 
in  which  the  changes  produced  in  the  air  by  respiration,  and  the 
volume  of  the  diflferent  products,  could  be  determined;  at  the  same 
time  that  the  amount  of  caloric  lost  by  the  animal  could  be  ascer* 
tained.  Dulong  found,  that  all  animals  extracted  from  the  air  more 
oxygen  than  was  accounted  for  by  the  carbonic  acid  which  they  ex^ 
haled.  In  herbivorous  animals,  the  oxygen  thus  lost  amounted  on 
an  average  to  jV  ^^'y  ^^  ^^^  whole  quantity  of  the  same  gas  ex- 
tracted from  the  air;  in  carnivorous  animals,  the  maximum  quantity 
of  this  oxygen,  which  was  not  converted  into  carbonic  acid,  was  t, 
the  minimum  },  of  the  whole  amount  of  oxygen  consumed.  If,  now, 
it  be  admitted,  that,  by  the  conversion  of  the  oxygen  into  carbonic 
acid  during  respiration,  the  same  quantity  of  caloric  is  developed  as^ 
according  to  Laplace  and  Lavoisier,  is  produced  by  the  combustion 
of  carbon  in  oxygen  gas,  it  will  be  found  by  calculation  that  only  iV 
of  the  heat  that  is  lost  during  a  given  time  by  herbivorous  animal^ 
and  i  of  that  which  carnivorous  animals  lose  in  the  same  space  of 
time,  can  be  thus  accounted  for.  Again,  admitting  that  the  oxygen, 
which  is  converted  into  carbonic  acid,  is  consumed  in  forming  water 
by  uniting  with  hydrogen,  and  that  as  much  caloric  is  thus  gene- 
rated as  would  be  developed  during  the  combustion  of  equal  quan* 
tities  of  oxygen  and  hydrogen,  still  the  whole  quantity  of  calorie 
produced  by  the  combination  of  carbon  and  hydrogen  with  the  oxy« 
gen,  would  amount  only  to  from  I  to  ^  of  that  which  is  developed 
during  the  same  space  of  time  by  carnivorous  as  well  a^  herbivoroiu 
animals.* 

Despretz  placed  animals  in  a  vessel  surrounded  with  water;  an 
uninterrupted  current  of  air  to  and  from  the  vessel  was  maintained, 
and  the  volume  and  composition  of  the  air  employed  were  ascer- 
tained both  before  and  after  the  experiment,  which  was  continued 
li  or  2  hours,  as  well  as  the  increase  in  the  temperature  of  the  sor* 
rounding  water  during  this  period:  by  this  means  it  was  found  that 
the  heat,  which  should  have  been  generated  in  the  respiratory  pro* 
cess  according  to  Lavoisier's  theory,  would  account  for  from  0*76  to 
0*91  only  of  that  which  the  animals  really  gave  out  during  the  same 
time.t 

From  these  experiments  it  results,  that,  even  if  the  chemical  theory 
of  respiration  is  adopted,  there  must  be  still  some  other  source  of 
animal  heat,  fiut  it  is  exceedingly  improbable  that  the  water  ex- 
baled  from  the  lungs  is  formed  during  the  respiratory  process  by 
the  union  of  its  elements;  it  is  much  more  likely  that  a  part  of  the 
oxygen  is  retained  by  the  blood.  The  heat  derived  from  the  union  of 
the  oxygen  and  carbon  is,  therefore,  all  which  can  be  taken  into 
account,  and  this  would,  according  to  Dulong,  amount  in  horbivora  to 
iV  oi^ly>  ^^^  in  carnivora  to  i  only  of  the  heat  really  developed  in  the 
body.  Besides,  it  is  at  present  merely  an  hypothesis  that  the  oxygen 
of  the  atmosphere  unites  with  the  carbon  in  the  lungs  to  form  car- 
bonic acid.    According  to  another  view,  which  would  explain  the 

*  Berzelias,  im  Schwedischen  iahreabericht.    Bonn,  18S4,  p.  67.*-Sm  alto 
Neuet  Joamal  ftr  Chemie  und  Physik.    N.  R.  Bd.  8.    S.  605. 
t  Gmelin,  Chemie,  torn.  ir.  p.  1533.— Ann.  d.  Cbim.  at  de  Phjs.  S6,  338. 
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phenomena  eqaaliy  well,  and  which  the  still  later  experiments  of 
£ischoff,  Magnus,  and  Dr.  Davy  seem  to  establish  as  correct,  the 
oxygen  combines  with  the  carbon  in  the  course  of  the  circulation, 
and  thus  imparts  to  the  blood  a  higher  temperature.  Wherever  the 
carbonic  acid  is  formed, — whether  in  the  lungs  or  in  the  blood,— 
the  oxygen  inspired  would  in  either  case  be  the  proximate  cause  of 
its  formation,  and  the  respiration  therefore  might  be  regarded  as  a 
cause,  mediate  or  immediate,  of  animal  heat;  and,  adopting  the 
results  obtained  by  Dulong,  it  might  be  admitted  that  in  herbivora 
-^,  in  carnivora  i,  of  the  animal  heat  is  generated  by  the  respiratory 
process.  This  being  conceded,  it  would  be  easy  to  explain  not  only 
the  want  of  perceptible  independent  heat  in  the  embryo,  in  which 
no  oxygen  is  inspired,  but  also  the  circumstance  that  the  subjects  of 
the  morbus  cceruleus  (in  whom  respiration  is  impeded  from  defect 
of  the  circulatory  organs),  have  sometimes  a  temperature  some  de- 
grees lower  than  natural,  as  well  as  the  small  degree  of  independent 
heat  possessed  by  cold-blooded  animals  (in  which  only  a  part  of  the 
blood  is  aerated,  as  in  reptiles,  or  in  which  respiration  is  performed 
only  by  means  of  the  air  dissolved  in  water,  and  is  consequently  less 
perfect).  To  put  the  chemical  theory  of  animal  heat  to  a  decided 
test,  experiments  must  be  instituted  on  the  plan  of  those  of  Dulong 
and  Despretz,  but  on  cold-blooded  in  place  of  warm-blooded  animals, 
to  ascertain  whether,  calculating  from  the  changes  produced  in  the 
air  by  their  respiration,  the  quantity  of  caloric  generated  by  the 
chemical  process  would  not  be  too  large  to  account  for  the  very 
small  quantity  of  heat  evolved.  This  is  an  interesting  problem  for 
chemical  inquiry.  The  main  fact,  however,  of  the  vast  influence 
which  respiration  exerts  over  the  evolution  of  animal  heat,  is  un- 
doubted, although  we  may  fail  to  find  either  a  chemical  or  a  physio- 
logical explanation.  The  observations  of  Mr.  Newport  (Philos. 
Transact.  1837)  are  very  interesting.  He  shows  that  the  larva,  in 
which  the  respiratory  organs  are  smaller  in  comparison  with  the 
size  of  the  body,  has  a  lower  temperature  than  the  perfect  insect. 
Flying  insects  have  the  highest  temperature,  and  they  have  always 
the  lai^est  respiratory  organs,  and  breathe  the  greatest  quantity  of 
air;  while,  among  terrestrial  insects,  those  produce  the  most  heat 
which  have  the  largest  respiratory  organs  and  breathe  the  most  air. 
Daring  sleep,  hybernation,  and  the  state  of  inaction  generally,  respi- 
ration is  slower  or  suspended,  and  the  temperature  is  proportionally 
diminished;  while  on  the  other  hand,  when  the  insect  is  most  active 
and  respiring  most  voluminously,  its  amount  of  temperature  is  at  its 
maximum,  and  corresponds  with  the  quantity  of  respiration.  Neither 
the  rapidity  of  the  circulation  nor  the  size  of  the  nervous  system, 
according  to  Mr.  Newport,  presents  such  a  constant  relation  to  the 
evolution  of  heat,  (a) 

(«)  The  ohernktl  theory,  of  animal  heat  bein^  developed  in  the  combination  of 
oiy^en  with  carbon  and  hydrogen,  ougfht  not  to  rest  on  any  particular  theory  of 
iMpintion,  nor  raqaire  for  its  aapport  more  than  the  general  fact,  that  oijrgren 
finda  entrance  into  the  blood,  and  with  this  fluid  reachea  all  parte  of  the  organism. 
It  is  durlBg  thU  Iiai6f  or,  to  be  more  apecifio,  from  the  moment  of  oxygen  penetrating 
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2.  Oeneration  of  heat  in  the  organic  processes. — There  mnst  be 
other  sources  of  animal  heat,  besides  respiration.  Some  physiolo- 
gists, and  among  them  Professor  von  Wahher  and  Dr.  Paris,  have 
thought  to  find  a  principal  source  of  animal  heat  in  the  different 
secreting  processes,  by  which  fluids  having  a  less  capacity  for  caloric 
than  the  blood  arc  separated  from  the  latter  fluid,  since  caloric 
before  latent  must  thereby  be  rendered  sensible.  According  to  Dr. 
Crawford,  the  capacity  of  milk  for  caloric  is  less  than  that  of  the 
blood.  Dr.  Paris*  estimates  the  capacity  of  urine  for  caloric  at  0'777, 
that  of  arterial  blood  at  1-003.    These  results  are,  however,  directly 

the  pii1n>onary  mncoas  membrane,  and  enteringr  into  the  radicles  of  the  pulmonarj 
▼ein8,  to  that  in  which  it  is  conveyed  to  all  the  tissues  by  the  delicately  reticolated 
arterial  or  aortic  cnpillaries,  that  it  is  continaally  under^oingf  combination  with 
other  elements,  and  in  a  more  especial  and  constant  manner  with  carbon  and  hy- 
drogen. Not  then  in  the  circulation,  but  in  the  conversion  of  blood  into  various 
secretions,  by  this  union  of  oxygren  with  carbon  and  hydrogen,  is  caloric  evolved. 
Respiration,  as  the  chief  means  of  introducing  oxygen  into  the  body,  is  the  chief 
snpporter,  but  not  the  creator,  of  animal  heat.  It  furnishes  the  pabulum,  oxygen, 
or  the  material  for  combination,  but  the  combination  itself  (of  oxygen  with  cafhoft 
and  hydrogen)  is  a  separate  process,  just  as  chylosis  is  separate  from  chymotes* 
or  secretion  from  circulation.  The  origin  and  real  character  of  the  process  of  the 
development  of  animal  heat  is  well  expressed  by  Liebig,  in  the  following  passage 
of  Wis  Jnimal  Chemistry:  '*The  mutual  action  between  the  elements  of  the  food 
and  the  oxygen  conveyed  by  the  circulation  of  the  blood  to  every  part  of  the  body 
is  the  9ouree  of  ammal  heat,^*  The  elements  of  the  food  here  mentioned  are  carbon 
end  hydrogen. 

^'According  to  the  experiments  of  Despretz,  1  oz.  of  carbon  evolves,  during  its 
combustiim,  as  much  heat  as  would  raise  the  temperature  of  105  oz.  of  water  at 
330  to  167^,  that  is,  by  135  degrees;  in  all,  therefore,  105  times  135°sil4207 
degrees  of  heat.  Conseqnenily,  the  13*9  oz.  of  carbon  which  are  daily  converted 
into  carbonic  acid  in  the  body  of  an  adult,  evolve  l3-9xl4207°sa  197477*3  de- 
grees of  heat.  This  amount  of  heat  is  sufficient  to  raise  the  temperature  of  1  os. 
of  water  by  that  number  of  degrees,  or  from  32^  to  197509-3^;  or  to  cause  136*8 
lbs.  of  waier  at  32^  to  boil;  or  to  heat  370  lbs.  of  water  to  98*3  (the  temperature 
of  the  human  body);  or  to  convert  into  vapour  34  lbs.  of  water  at  98*3^. 

**lf  we  now  assume  that  the  quantity  of  water  vaporized  through  the  skin  and 
Jongrs  in  24  hours  amounts  to  48  oz.  (3  lbs.),  then  ttiere  will  remain  aAer  deduct- 
ing the  necessary  amount  of  heat,  146380*4  degrees  of  heat,  which  are  dissipated 
by  radiation,  by  heating  the  expired  air,  and  in  the  excrementitious  matters. 

**  In  this  calculation,  no  account  has  been  taken  of  the  heat  evolved  by  the  hy- 
drogen of  the  food,  during  its  conversion  into  water  by  oxidation  within  the  body. 
But  if  we  consider  that  the  specific  heat  of  the  bones,  of  fat,  and  of  the  organs 
generally,  is  far  less  than  that  of  water,  and  that  consequently  they  require,  in  order 
to  be  heated  to  98*3°,  much  less  heat  than  an  equal  weight  of  water,  no  doubt  can 
be  entertained,  that  when  all  the  concomitant  circumstances  are  included  in  the 
ealcalation,  the  heat  evolved  in  the  process  of  combustion,  to  which  the  food  is 
sabjected  in  the  body,  is  amply  sufficient  to  explain  the  constant  temperatare  of 
the  body,  as  well  as  the  evaporation  from  the  skin  and  lungs. 

'*A11  experiments  hitherto  made  on  the  Quantity  of  oxygen  which  an  animal 
consumes  in  a  given  time,  and  also  the  conclusions  deduced  from  them  as  to  the 
origin  of  animal  heat,  are  destitute  of  practical  value  in  regard  to  this  question, 
since  we  have  seen  that  the  quantity  of  oxygen  consumed  varies  according  to  the 
temperature  and  density  of  the  air,  according  to  the  degree  of  motion,  labour,  or 
exercise,  to  the  amount  and  quality  of  the  fooid,  to  the  comparative  warmth  of  the 
clothing,  and  also  according  to  the  time  within  which  the  food  is  taken."— Lie&i^i 
Op.  eiL 

*  Loud.  Med.  and  Physic.  Journal,  31, 1809.-*M6ekel,  Arehiv.  ii.  308. 
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opposed  to  those  obtained  by  Dr.  Nasse,  who  found  no  difference,  as 
regards  their  capacity  for  caloric,  between  ihe  different  secretions 
and  water;  while  Dr.  Davy  also  detected  scarcely  any  difference  in 
this  respect  between  the  blood  and  water.  M.  Pouillct*  has  directed 
attention  to  another  source  of  heat  in  the  vital  processes.  All  solid 
bodies,  inorganic  as  well  as  organic,  undergo  an  elevation  of  tem- 
perature when  moistened  with  different  fluids.  This  elevation  of 
temperature  is  much  greater  in  organic  substances;  in  several  cases 
M.  Pouillet  found  that  it  amounted  to  from  IP  to  18°  of  Fahrenheit. 
The  solution  of  the  food  by  the  fluids  of  the  stomach  might  be  taken 
as  an  example,  and  perhaps  the  slight  increase  of  heat  which  attends 
digestion  might  be  thus  explained.  But  a  more  considerable  and 
more  general  source  of  animal  heat  is  undoubtedly  to  be  found  in  the 
organic  processes,  in  which  by  the  operation  of  the  organising  forces 
on  the  organic  matter  heat  is  generated,  not  in  one,  but  in  every 
organ  of  the  body:  hence  it  is,  that  in  cases  of  long  fasting,  in  whicK 
the  separation  of  the  old,  but  not  the  organisation  of  new  matter 
continues,  the  temperature  of  the  body,  according  to  Martine,  falls 
considerably,  even  to  the  extent  of  several  degrees,  although  at  the 
tame  time  the  ^urce  of  caloric  in  the  formation  of  carbonic  acid 
remains.  A  case  of  stricture,  or  closure  of  the  oesophagus,  related 
by  Dr.  Currie,  seems  however  to  contradict  this.  In  inflammation, 
the  flow  of  blood  to  the  part  is  increased,  and  the  temperature  is  at 
the  same  time  elevated;  but  Dr.  J.  Tliomsont  thinks  that  it  never 
rises  higher  than  the  temperature  of  the  blood  in  the  great  vessels. 
In  scroiiiloos  tumours  in  a  state  of  active  inflammation,  MM.  Bec- 
qnereJ  and  Breschet  found  the  temperature  raised  as  much  as  5i°  F. 
Muscular  contraction,  also,  they  state,  is  attended  with  an  elevation 
of  temperature  in  the  part  to  the  extent  of  1}°  or  3J°  Fahr.  It  was 
also  observed  by  the  same  writers  that  a  feverish  state  of  the  body 
caused  its  temperature  to  rise  to  5)°  F.;  while,  as  is  well  known,  the 
depression  of  vital  energy  in  nervous  affections,  and  iu  rigors,  causes 
the  temperature  of  the  body  to  full,  although  respiration  is  unaffected. 
Dr.  Carrie):  found  the  temperature  in  the  palm  of  the  hand  during 
syncope  to  be  as  low  as  63°  F. 

3.  Influence  qf  the  nerves  in  ihe  generation  qf  heat. — Now, 
siDce  ail  organic  processes  are  chiefly  dependent  on  the  influence 
exerted  by  the  nerves  on  the  organic  matter  of  the  body,  it  cannot 
appear  wonderful  if  the  reciprocal  action  between  the  organs  and 
the  nerves  is  a  main  source  of  animal  heat.  The  experiments  of 
Brodic,  Chaussat,  and  others,  have  proved  this.  Elliot  and  Home 
have  observed  that,  after  division  of  the  nerves  of  a  limb,  its  tem- 
perature falls,  and  this  result  is  confirmed  by  the  observation  of  all 
experimenters  as  to  the  effect  of  division  of  the  nervus  vagus.  The 
diminution  of  temperature  is  detectible  by  a  thermometer;  the  mere 
sensation  of  cold  after  injury  to  the  nerves  of  a  limb  must  not  be 

•  Ami.  Chem.  Phys.  30, 141.— Meckel,  Archiv.  viii.  333. 
t  Leetores  on  Inflaroonation.     Edinb.  1813,  p.  46. 

%  Corrie,  Wirkang|eii,  des  Calten,  and  Warcnen  Wasters.    Leipsie,  Bd.  i.  S67. 
Carria  on  GoU  AffosioBt 
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confounded  with  it.  Mr.  Earle*  found  the  temperature  of  the  hand 
of  a  paralysed  arm  to  be  70^  Fahr.  while  that  of  the  sound  side  had 
a  temperature  of  92"^  Fahr.  On  electrifying  the  limb,  the  tempera- 
ture rose  to  IT^.  In  another  case  the  temperature  of  the  paralysed 
finger,  was  56^*  Fahr.  while  that  of  the  unaffected  hand  was  68^. 
MM.  fiecquerel  and  Breschet,  however,  detected  no  difference  be- 
tween the  temperature  of  the  sound  limb  and  that  of  the  paralysed 
limb  in  hemiphegia. 

Sir  B.  Brodiet  stated  as  the  result  of  his  experiments  that,  if  arti- 
ficial respiration  was  kept  up  in  animals  killed  by  decapitation, 
division  of  the  medulla  oblongata,  destruction  of  the  brain  or  poi- 
soning with  Woorara  poison,  the  action  of  the  heart  continued,  and 
the  blood  underwent  the  usual  changes  in  the  lungs,  as  shown  by 
the  analysis  of  the  air  respired,  but  that  the  heat  of  the  body  was 
not  maintained:  on  the  contrary,  that  it  became  cold  more  rapidly 
than  the  body  of  an  animal  in  which  artificial  respiration  was  not 
kept  up,  being  cooled  by  the  air  forced  into  the  lungs. 
:  However  they  may  have  been  opposed  by  others,  (Legallois,  Hale, 
Wilson  Philip,)  Brodie's  experiments  are,  still,  for  the  main  point, 
convincing.  He  has  shown,  that  living  rabbits  expire  28-22  cubic 
inches  of  carbonic  acid  in  half  an  hour;  that,  when  artificial  respi- 
ration is  kept  up  in  rabbits  after  death  by  poisoning,  or  destruction 
of  the  medulla  oblongata,  a  quantity  of  carbonic  acid,  varying  from 
20*24,  or  25-55  to  28-27  cubic  inches,  is  still  exhaled;  thus,  that 
under  these  circumstances,  the  products  of  respiration  are  nearly  the 
same  as  ordinarily  during  Ufe,  and  that,  nevertheless,  the  tempera- 
ture falls  six  degrees  of  Fahrenheit  in  the  course  of  an  hour  after 
the  division  of  the  medulla  oblongata.]:  The  sinking  of  the  tempe- 
rature of  the  body,  which  Legallois  stated  to  be  constant  in  animals 
fastened  down  upon  their  back,  was  not  observed  by  Chaussat§  in 
dogs;  on  the  contrary,  Chaussat  confirms  Brodie's  observations. 
After  injury  of  the  brain,  the  temperature  fell  from  104o  to  75® 
Fahr.  before  death,  which  occurred  in  from  eleven  to  twenty-two 
.hours.  Division  of  the  nervus  vagus,  which,  without  essentially 
affecting  the  chemical  process  of  respiration,  produces  death,  accord- 
ing to  Legallois,  by  inducing  congestion  of  the  lungs  with  serum  or 
blood,  caused  the  temperature  of  the  body  to  fall,  during  a  period 
varying  between  twelve  and  thirty-six  hours,  as  low  as  97®  or  984® 
Fahr.  and  at  last  even  to  68®.  In  all  these  experiments,  unfortu- 
nately, the  temperature  of  the  atmospheric  air  is  not  mentioned. 
Injuries  of  the  spinal  marrow  produced  more  striking  effects  on  the 
animal  heat,  the  higher  the  seat  of  the  injury;  so  that  the  effects  on 
the  generation  of  caloric,  like  other  consequences  of  lesions  of  the 
spinal  cord,  were  greater  in  proportion  to  the  number  of  nerves 
arising  below  the  point  of  injury. 


*  Earle,  in  Med.  Chirarg.  Transact,  vii.  173.     Meckel,  Arehiv.  iii.  419. 
also  Yelloly,  in  Med.  Chir.  Transact,  iii. 
t  Phil.  Trans.  1811,4;  1818,378. 

%  See  Nasso's  Remarks  on  Brodie^s  experiments  in  Retl**  Aichir.  zii.  p.  404. 
S  Meckel,  Arcbiv.  vii.  283. 
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Chanssat  endeavours,  lastly,  to  prove,  that  the  sympathetic  nerve 
also  has  a  great  share  in  the  production  of  animal  heat:  but  he  at- 
tributes undue  importance  to  inconclusive  experiments,  which  prove 
little  or  nothing,  and  he  does  not  perceive  how  many  objections  might 
be  made  to  them. 

Several  of  the  facts  which  we  have  mentioned  prove,  however, 
that  the  inflnence  of  the  nerves  in  the  organic  processes  of  the  body, 
contribntes  greatly  to  the  production  of  animal  heat  in  other  parts 
than  the  limgs.  Berzelius  is  also  of  this  opinion,  which  moreover 
seems  to  derive  confirmation  from  the  rapid  and  momentary  increase 
of  temperature,  sometimes  general,  at  other  times  quite  local,  which 
is  observed  in  states  of  nervous  excitement;  from  the  general  in- 
crease of  warmth  of  the  body,  sometimes  amounting  to  perspiration, 
which  is  excited  by  passions  of  the  mind;  from  the  sudden  rush  of 
heat  to  the  face,  which  is  not  a  mere  sensation;  and  from  the  equally 
rapid  diminution  of  temperature  by  the  depressing  passions.  All 
these  phenomena,  however,  might  be  explained  by  the  increased  or 
diminished  flow  of  blood  to  the  part,  and  in  some  cases  also  by  a 
change  induced  in  the  heart's  action.  From  the  facts  at  present 
known,  we  deduce  the  inference,  that  elevation  of  temperature  takes 
place  in  all  organic  processes,  but  that  it  is  in  part  determined  by  the 
influence  exerted  on  these  processes  by  the  nerves.(a} 

(a)  Liebig  (ojp.  et7.)  objects  to  the  opinion  of  the  nervous  system's  grenerating 
calorie,  except  in  an  indirect  manner,  through  its  influence  on  respiration  and 
the  organic  processes,  all  of  which  are  modified  in  their  rates  and  completeness 
of  introdacing  and  disposing  of  oxygen  by  nervous  inflnence.  This,  howeyer,  is 
nearly  all  that  is  supposed  by  the  enlightened  physiologists  who  advocate  nervous 
agency  in  the  production  of  animal  heat.  Nobody,  we  believe,  supposes  that 
heat  is  struck  out  by  the  action  of  the  nerves  on  other  tissues  with  which  they 
are  connected  or  blended,  as  it  would  be  by  friction  of  two  bodies,  or  by  the  com- 
binaiion  of  two  eleetricities.  By  the  excitement  which  they  transmit  to  the  re- 
spiratory function,  the  nerves  accelerate  it,  and  thus  increase  the  introduction  of 
oSTgen  into  the  blood;  by  that  to  the  arteries  and  capillaries  they  quicken  the  cir- 
cofatioa,  and  the  ultimate  changes,  or  secretions,  by  which  oxygen  combines  with 
carbon  and  hydrogen,  and  thus  furnishes  animal  heat.  The  nerves  perform  the 
tame  part  in  calorification  as  they  do  in  the  secretions  in  general.  They  do  not 
famish  the  pabulum,  nor  strike  out  the  product— heat  or  secretion— by  any  electric 
or  galvanic  process:  they  simply  accelerate,  when  they  are  themselves  excited, 
and  when  they  are  depressed,  they  retard,  the  new  combinations  in  the  secreting 
capillaries,  by  which  animal  heat  and  animal  secretions  are  evolved.  But  not  only 
are  the  longs  modified  in  their  rate  of  absorbing  oxygen,  hut  the  heart  also  in  that 
with  which  it  circulates  this  oxygen,  which  reaches  its  left  side  after  being  mixed 
with  the  blood  of  the  pulmonary  veins. 

That  the  apparatus  for  respiration  and  circulation  and  innervation  are,  after  all, 
bat  instruments  lor  spreading  the  materials  and  quickening  their  combinations,  but 
not  essentially  necessary  for  forming  these  combinations  and  evolving 'their  result, 
in  animal  heat  and  secretions,  is  manifest  from  the  fact,  that  these  phenomena 
lake  place  in  vegetable  life,  as  in  plants,  which  have  neither  lungs,  nor  circulation; 
DOT  nerves.  Applied  to  somo  plants,  as  the  arum,  the  thermometer  has  risen  to 
131*'  Fahr.,  the  temperature  of  the  surrounding  air  at  tho  time  being  66^.  But, 
in  denying  lungs  to  plants,  we  cannot  deny  that  a  process  goes  on  in  them  analo- 
gous to  respiration  in  animals,  viz.  the  absorption  of  oxygen,  and  its  combination 
with  carbon,  and  carbonic  acid  resulting,  a  process  which  takes  place  at  the  sur- 
fnee  of  the  phots  ind  mainly  in  their  leaves.    In  some  animals,  as  in  frogs  for 
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If  now  the  warm-blooded  and  cold-blooded  animals  are  compared, 
the  cause  of  the  difference  of  temperature  in  the  two  may  be  sought, 
either  in  the  relative  intensity  of  the  respiratory  process,  or  of  the 
organic  processes  generally.  Without  referring  one  phenomenon  to 
another  as  its  cause,  it  may  be  remembered,  that  in  cold-blooded 
animals  the  size  of  the  central  parts  of  the  nervous  system  is  smaller 
in  proportion  to  the  nerves  themselves;  that  the  respiratory  process 
is  far  less  active  in  proportion  to  the  weight  of  their  body;  that, 
according  to  Prevost  and  Dumas,  their  blood,  and  according  to 
Saissy,  that  of  hybernating  animals  also,  contains  less  coagulable 
matter;  and,  lastly,  that  birds  and  some  Mammalia,  the  blood  of 
which  was  found  by  Prevost  and  Dumas,  to  contain  a  larger 
quantity  of  red  particles  and  coagulable  matter,  also  have  a  higher 
temperature. 

Effects  of  Heat  and  Cold. — The  facts  relative  to  winter  and 
summer  sleep  arc  closely  connected  with  the  known  depressing  in- 
fluence of  a  long-continued  high  temperature  on  the  functions  of  the 
nervous  system  in  man,  and  this  is  a  very  fit  occasion  for  comparing 
the  effects  of  heat  and  cold.    Both  may  induce  a  disturbance  of  the 
excitability  of  the  body,  as  well  as  irritation,  inflammation,  and 
sphacelus.    The  sudden  and  violent  action  of  cold  on  warm  animal 
tissues  has  a  disorganising  effect.    Very  cold  bodies,  when  touched, 
produce  a  sensation  of  pain  and  then  numbness.    When  the  cold  is 
more  extreme,  sphacelus  or  local  death  ensues.    A  sligtiter  applica- 
tion of  cold,  by  extracting  the  animal  heat,  produces  symptoms  of 
inflammation  and  irritation,  from  the  effort  which  is  made  by  nature 
to  restore  the  balance  in  the  part.    A  moderate  degree  of  cold  has 
at  first  an  exciting  effect.    Thus  cold  water  produces  instantaneous 
reddening  of  the  skin,  as  I  have  myself  observed  when  bathing  in 
4he  month  of  October;  but  this  effect  is  only  momentary,  and  the 
phenomena  of  disturbance  of  the  internal  organs  from  extraction  of 
heat  soon  follow.    Cold  is  sometimes  used  in  this  way,  as  a  stimu- 
lant, to  produce  a  temporary  disturbance  of  the  nervous  system, 
which  may  be  beneficial.    In  fevers  with  a  hot  dry  skin,  cold  water 
often  acts  indirectly  as  a  vivifying  stimulant,  and  restores  the  action 
■of  the  skin,  as  warmth  docs  in  parts  suffering  from  cold.    The  se- 
condary effects  of  continued  cold  are  always  depression  of  the  powers 
of  the  nervous  system.    The  gradual  action  of  a  high  degree  of 
cold  by  withdrawing  a  vital  stimulus,  induces  in  the  human  subject 
a  state  of  torpor,  and  in  hybernating  animals  that  of  hybernation; 
a  too  elevated  temperature  also  depresses  gradually  the  action  of  the 
nervous  system,  but  probably  by  its  producing  a  change  of  compo- 
sition; and  excessive  heat  with  want  of  water,  causes  asphyxia  in 
the  sandy  deserts,  and  gives  rise  to  the  summer  sleep  of  reptiles  and 
of  the  tanrec  in  hot  climates. 

example,  the  chief  chemical  chancres  in  the  air  are,  as  Dr.  Eldwards  has  foondp 
brought  about  by  means  of  the  skin.  Even  in  man  btmaelf,  the  akin  is  active  in 
absorbing  oxy^n  and  ffiving  out  carbonic  acid,  and  of  coarse  in  contribaiing  to 
the  evolution  of  animal  heat. 
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3.  Of  the  development  of  light  in  animals. 

Il  is  now  known  with  certainty  that  the  phosphorescence  of  the 
^fflythe  light  visible  in  the  waves,  especially  in  the  track  of  sailing 
vessels, — which  has  been  observed  as  far  south  as  60°,  arises  from 
the  presence  of  luminous  animals  in  the  water.  These  animals 
are  in  part  Infusoria,  in  part  Rotifera,  in  part  Polypifera,  in  which 
it  is  chiefly  the  polypes  themselves  which  are  luminous;  wliile  many 
Medusse,  some  Annelida,  Mollusca,  and  Crustacea  also  contribute  to 
the  phosphorescence  of  the  sea.  It  appears,  that  even  the  mucus 
and  water  which  flow  from  these  animals  is  sometimes  luminous. 
Meyen*  distinguishes  three  sources  of  phospliorescence  in  the  sea: — 
I.  Mucus  dissolved  in  the  sea-water:  2.  Animals  covered  with  a 
phosphorescent  mucus.  The  production  of  light  here  appears  to 
depend  on  the  oxidation  of  the  mucous  covering  of  the  animals,  for 
when  it  has  disappeared  in  consequence  of  a  slight  change  produced 
in  the  surface,  such  as  a  stroke  of  the  finger  produces,  it  is  quickly 
restored.  3.  Animals  possessing  proper  phosphorescent  organs. 
Meyen  examined  particularly  the  Pyrosoma  atlanticum^  of  which 
Ihe  light  is  very  vivid,  and  of  a  greenish  blue  colour.  As  soon  as 
the  animals  were  touched  by  the  net,  used  in  catching  them,  they 
sank  in  the  water  and  ceased  to  emit  light.  When  one  of  the  crea- 
tures, kept  in  water  after  capture,  was  touched,  the  light  first  ap- 
peared as  very  minute  sparks,  which  issued  from  a  dark,  almost 
cone-shaped,  body  in  the  substance  of  each  of  the  separate  individuals 
forming  the  compound  animal.  This  dark  conical  body  is  soft,  and 
of  a  red-brown  colour.  It  lies  in  each  individual  close  behind  the 
oral  orifice,  and  somewhat  in  front  of  the  respiratory  organs,  and  is 
generally  very  close  to  the  internal  surface  of  the  compound  Pyro- 
soma. Its  apex  presents  under  the  microscope  from  thirty  to  forty 
very  minute  red  points. 

Ehrenbergt  also  has  observed  many  new  facts  which  tend  to  clear 
away  the  obscurity  which  hitherto  involved  the  subject.  The  first 
animal  which  he  detected  as  phosphorescent  was  the  Poh/noefulgu- 
ranSf  an  annelide  of  the  Baltic,  in  which  the  fulgent  organs  are  two 
large  granulated  bodies  like  ovaries.  Water  of  the  Baltic  sent  to 
Berlin  was  still  phosphorescent  with  these  animals.  The  Oceania 
hemispherical  which  measures  more  than  an  inch  in  diameter,  pre- 
sented an  entire  zone  of  luminous  points  at  the  circumference  of  its 
disk.  These  luminous  points  always  corresponded  to  the  thick  bases 
of  the  great  cirri,  or  to  organs  near  them  and  alternating  with  them. 
No  light  issued  from  any  other  part  of  the  body  of  these  animals 
either  during  life  or  after  death.  From  further  observations  Ehren- 
berg  became  more  and  more  convinced  that  dead  Infusoria  do  not 
emit  light  any  more  than  fragments  of  dead  fishes  or  mucus  floating 
in  the  water.     In  the  Nereis  cirrigera  {Photocaris,  Ehrenberg),  the 

*  Not.  Act.  Nat.  Car.  vol.  xti.  Suppl. 

t  Uber  daa  Leuchten  des  Meers,  Abhandl.  der  K.  Acad,  der  Wissensch,  za 
Berlin,  1835.  This  paper  contains  alto  a  complete  historical  account  of  the  facta 
prefiously  knoviL 
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light  is  given  out  by  two  fleshy  cirri  upon  each  of  the  feet.  A  flick- 
ering of  a  few  sparks  upon  each  cirrus  was  first  seen;  then  the  whole 
cirrus  shone;  and  at  last  the  emanation  of  light  extended  over  the 
back,  and  the  entire  animal  resembled  a  burning  match.  The  mucus 
of  the  Photocaris  adhering  to  the  fingers,  was  likewise  phospho- 
rescent. Ebrenberg  doubts  whether  the  development  of  light  is  in 
any  way  connected  with  respiration,  but  believes  it  to  have  some 
relation  to  the  sexual  function.  The  faculty  of  developing  light 
seems  to  him  to  be  a  vital  function  very  similar  to  that  of  the  deve- 
lopment of  electricity;  when  frequently  excited,  it  becomes  weaker, 
and  is  gradually  lost  for  a  time,  and  it  has,  moreover,  an  evident 
connection  with  the  action  of  the  nerves. 

The  Naturalists  of  the  Bonite*  found  the  phosphorescence  of  the 
sea  to  be  essentially  due  to  the  presence  of  organised  beings.  They 
observed  that  the  small  luminous  Crustacea  emitted,  when  irritated 
in  any  way  and  under  some  other  circumstances,  real  jets  of  phos- 
phorescent matter,  which,  at  the  moment  of  its  being  ejected  by  the 
animal,  rendered  the  water  luminous.  Besides  the  different  lumi- 
nous Crustacea,  Mollusca,  and  Zoophyta,  the  French  naturalists 
observed  very  small  yellowish  bodies,  which  were  endowed  with  a 
uniform  phosphorescence.  These  bodies  were  motionless  when 
viewed  under  the  microscope.  They  varied  in  form;  those  observed 
near  the  Sandwich  Isles  were  globular  and  transparent,  with  a  yel- 
lowish point  in  the  centre;  those  obtained  at  the  Malacca  Straits 
were  slightly  ovoid,  reniform,  and  wholly  yellow.  Re-agents  caused 
their  phosphorescence  to  become  at  first  more  brilliant,  after  which 
it  was  insensibly  extinguished.  These  bodies  were  sometimes  so 
abundant  as  to  make  the  surface  of  the  sea  for  a  great  extent  appear 
as  if  covered  with  a  yellow  powder. 

The  luminous  insects  are  the  Elater  noclilucuSf  phosphoreus,B,ud 
Ignitus;  the  Pausus  sphxrocerus^  Scarabasus  phosphdreuSf  several 
species  of  Lampyris,  and  the  Scolopendra  electrical  In  the  fire-fly 
{Elater)^  the  principal  sources  of  the  light  are  two  oval  spots  at  the 
side  of  the  thorax  covered  with  transparent  laminae.  Treviranus  could 
discover  no  difference  between  the  luminous  substance  and  the  fat  of 
the  body.  In  the  glow-worms  ( Lampyris  nocticula  and  spltndidula) 
the  light  issues  from  the  under  surface  of  the  last  three  abdominal  rings, 
particularly  from  two  whitish  spots  on  the  last  ring;  the  ova  of  the 
Lampyris  splendidula  are  also  luminous,  and  it  seems  that  the  pupa 
and  larva  are  not  entirely  without  light.  The  opinion  of  Treviranus 
appears  most  probable;  namely,  that  the  light  is  derived  from  a  mat- 
ter containing  phosphorus,  which  is  formed  under  the  influence  of 
light,  but,  once  formed,  is  in  some  measure  independent  of  lighL 
Several  phenomena  would  lead  us  to  believe,  that  luminous  insects 
absorb  light  during  the  day,  like  the  Bononian  stones,  and  emit  it 
in  the  evening:  this  was  indeed  the  opinion  of  Carridori,  Beccaria, 
and  Monti,  and  is  supported  more  especially  by  the  circumstance  that 

•  Comptet  RenduB,  1838,  i.  456. 
I  TreTiranas,  Biol.  6.  97« 
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this « absorption  of  light  is  evidenced  by  several  mineral  siibstanceS| 
such  as  sulphate  of  barytes  mixed  with  sulphuret  of  barium,  oyster- 
shell  heated  to  redness  with  sulphur,  &c.,  and  also  by  several  organic 
substances,  when  dried,  such  as  seeds,  floor,  starch,  acacia  gum, 
qnills,  cheese,  yolk  of  egg,  muscle,  tendon,  isinglass,  glue,  and  horn. 
But  such  an  opinion  does  not  accord  with  the  observation  of  Todd 
and  Murray,  that  glow-worms  shine  in  the  evening,  even  when  they 
have  been  kept  in  the  dark  during  the  day;  Macaire  and  Macartney, 
however,  deny  that  this  is  the  case.t 

Development  of  light  in  the  higher  animals, — There  is  no  in- 
stance known  of  the  development  of  light  in  any  of  the  higher  ani- 
mals, except,  perhaps,  the  phosphorescence  of  the  ova  of  lizards, 
and  that  which  has  been  sometimes  observed  in  the  urine.  The 
supposed  luminous  property  of  the  eyes  of  many  Mammalia,  par- 
ticularly of  the  predacious  animals,  and  more  especially  cats,  and 
also  of  the  eyes  of  oxen  and  horses,  is  now  regarded  as  one  of  the 
superstitions  of  medicine.  The  luminous  appearance  of  the  eyes 
of  some  animals  arises  from  the  reflection  of  light  from  a  brilliant 
tapetum  which  is  devoid  of  black  pigment;  for  Which  reason  the 
eye  of  the  white  rabbit  is  especially  brilliant,  and  the  eyes  of  the 
Albino  Sachs  are  said  to  have  been  luminous.  Prevostt  was  the 
first  to  explain  the  phenomenon;  he  showed  that  it  could  never  be 
seen  in  complete  darkness,  and  is  dependent  neither  on  the  will,  nor 
on  the  passions;  but  is  the  effect  of  the  reflection  of  light  which 
enters  the  eye  from  without.  Independently  of  Prevost,  Gruithuisen, 
Sudolphi,  Esser  and  Ttedemann  have  observed  the  same  facts;  and 
my  own  observations  are  coincident  with  theirs.  The  question  has 
been  finally  decided  by  the  observations  of  Hessenstein.:]:  His  ex- 
periments show  that  the  eyes  of  animals,  even  when  irritated,  never 
appear  luminous  in  perfect  darkness,  but  that  the  admission  of  the 
smallest  quantity  of  light,  even  of  the  light  of  the  moon,  is  sufficient 
for  the  production  of  the  phenomenon,  which  ceases,  however,  as 
soon  as  the  external  light  is  excluded.  His  observations  on  the  re- 
flecting white  pigment  of  the  eyes  of  carnivora,  are  very  interesting.§ 

Some  persons  have  imagined  that  the  sensation  of  light  produced 
by  pressing  the  eye,  was  also  owing  to  the  emission  of  light.  But 
it  b  a  mere  sensation  like  that  of  pain  in  the  skin,  and  is  produced 
by  auy  irritation  of  the  retina,  from  whatever  cause,  whether  from 
chemical,  mechanical,  or  electric  stimuli,  or  from  an  internal  organic 
cause.    The  flashes  of  light  perceived  when  the  retina  is  thus  irri- 

*  Tiedemann,  Physiol,  i.  503. 

JBiblioth.  BritanDiqae,  1810,  t.  zl7. 
In  a  good  treatise,  De  Lace  ex  quorundam  animalium  ocalia  prodeunte,  atque 
de  Tapeto  iucido.    Jen«.  1836. 
f  See  Anatomy  of  the  Eye,  in  Chapter  II.  of  the  Section  on  Vision. 


96  DEVELOPHSNT  OF  LIGHT  IN  AHIMALS. 

tated  are  unattended  with  any  emission  of  light,  and  are,  therefore, 
never  visible  to  any  other  person  than  the  subject  of  theai.*(a.} 

*  Compare  my  remarks  on  a  medico-legal  case,  in  which  a  person  was  said  to 
have  recognised  a  robber  by  the  1is[ht  produced  by  a  blow  on  the  eye.  Miiller^s 
Archiv.  fur  Anat.  und  Physiol.  1834,  p.  140. 

(a)  Sir  Henry  Marsh,  in  a  paper  in  the  Provincial  MediealJoumal,  (Jone,  1843,) 
after  speaking  of  the  elimination  of  light  from  certain  vegetables  and  many  of  the 
inferior  animals,  details  some  cases  of  a  similar  production  by  the  human  subject. 
Two  of  these  were  phthisical  persons,  one  a  female,  whose  face,  ten  days  previous 
to  her  death,  was  lighted  up  so  as  to  give  it  **the  look  of  being  painted  white 
and  highly  glazed;  but  the  lisht  danced  about  and  had  an  extraordinary  efiect:'* 
the  other,  a  man,  exhibited  about  him  '*a  luminous  fog,  resembling  the  aurora 
borealis," — to  use  the  words  of  Dr.  Donovan,  whose  patient  he  was.  Dr.  D.  at^ 
tributed  the  appearances  which  he  witnessed  in  this  last  case,  **to  the  presence 
of  phosphorescent  matter  in  the  expiratory  and  perspiratory  secretions.*'  But* 
and  the  remark  is  an  important  one,  Dr.  Donovan  adds,  that  the  luminous  appear- 
ances were  not  at  any  time  visible  to  him  on  the  person  of  the  patient;  the  scin- 
tillations which  he  described  were  perceptible  immediately  over  the  head  of  hi» 
bed,  on  a  wall  composed  of  stone  and  clay  mortar.  'i*he  luminous  fogs  passed  in 
streams  through  the  apartment  in  which  the  sick  man  lay,  and  on  one  occasion 
Dr.  Donovan  fancied  that  he  saw  a  meteor,  like  a  falling  star,  suddenly  pass 
through  the  house.  Appearances  of  a  similar  nature,  continues  Dr.  Marsh,  are 
said  to  have  been  seen  about  the  person  of  a  woman  named  Pal  lister,  who  died 
some  time  ago  in  the  neighbourhood  of  Hull,  but  no  well  authenticated  accounts 
of  the  phenomena  were  procured. 

In  the  case  of  the  woman  first  mentioned,  the  light  was  seen  for  the  first  time 
during  a  night  when  there  was  a  candle  burning  in  the  room,  but  it  was  perfectly 
shaded,  so  that  none  of  its  light  could  be  shed  on  the  face  of  the  patient.  Aftei^ 
wards,  however,  the  luminous  appearance  of  the  face  was  seen  by  the  narrator,  a 
friend  of  the  patient,  who  sat  up  all  night  with  her,  when  there  was  no  candle  in 
the  room  nor  moon  shining.  The  state  of  the  system  of  the  patient  at  this  time 
was  that  of  extreme  exhaustion. 

Doctor  Stokes  related  to  Dr.  Marsh  the  fact  of  a  cancer  on  the  breast  of  a  poor 
woman,  a  patient  in  the  Meath  Hospital,  emitting  p.  ^Muminous  fluid"  from  all 
parts.  The  light  was  visible  to  him  when  standing  twenty  feet  from  h^r  bed; 
and  within  a  few  inches  of  the  ulcer,  it  was  sufficient  to  enable  Dr.  Sjtokee  to 
distinguish  the  figures  on  a  watch  dial. 
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OF  HI8T0OENT,  OR  THE  FORMATION  AND  DEVELOPMENT  OF  THE 

TISSUES. 

Component  Proximate  Principles  of  f he  Tissues. 

The  proximate  principles  of  the  tissues  are  fibrin,  albumen, 
gelatin,  ozmazome,  and  fatty  matter.  Fibrin  and  albumen,  the  chief 
ingredients  of  blood,  contain,  in  all,  seven  chemical  elements,  among 
which  nitrogen,  phosphorus,  and  sulphur  are  found.  They  coutaia 
also  the  earth  of  bones. 

Chemical  analysis,  says  Liebig,  has  led  to  the  remarkable  result, 
that  fibrin,  albumen,  and  casein,  contain  the  same  organic  elements 
united  in  the  same  proportion,  so  that  two  analyses,  the  one  of 
fibrin  and  the  other  of  albumen,  do  not  differ  more  than  two  analyses 
of  fibrin  or  two  of  albumen  respectively  do,  in  the  composition  of  100 
parts.  We  also  learn  that  although  in  these  two  ingredients  of  blood 
the  particles  are  arranged  in  a  different  order,  as  is  shown  by  the 
difference  of  their  external  properties;  yet  in  chemical  composition,  in 
the  ultimate  proportion  of  the  organic  elements,  they  are  identical. 

This  conclusion  has  lately  been  beautifully  confirmed  by  a  dis- 
tinguished physiologist  (D^nis),  who  has  succeeded  in  converting 
fibrin  into  albumen,  that  is,  in  giving  it  the  solubility,  and  coagula- 
bility by  heat,  which  characterise  the  white  of  egg. 

Fibrin,  albumen,  and  casein,  besides  having  the  same  composi- 
tion, agree  also  in  this,  that  they  dissolve  in  concentrated  muriatic 
acid,  yielding  a  solution  of  an  intense  purple  colour.  This  solution, 
whether  made  with  fibrin  or  albumen,  has  the  very  same  re-actions 
with  all  substances  yet  tried.  The  group  of  these  three  principles 
is  represented  hyproteiuy  see  note  {a)  to  page  15. 

As  far,  therefore,  as  our  researches  have  gone,  continues  Liebig, 
it  may  be  laid  down  as  a  law,  founded  on  experience,  that  vegeta- 
bles produce,  in  their  organism,  compounds  of  protein;  and  that  out 
of  these  compounds  of  protein  the  various  tissues  and  parts  of  the 
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animal  body  are  developed  by  the  vital  force,  with  the  aid  of  the 
oxygen  of  the  atmosphere  and  of  the  elements  of  water.* 

Now,  although  it  cannot  be  demonstrated  that  protein  exists  ready 
formed  in  these  vegetable  and  animal  products,  and  although  the 
diiference  in  their  properties  seems  to  indicate  that  their  elements 
are  not  arranged  in  the  same  manner,  yet  the  hj^othesis  of  the  pre- 
existence  of  protein,  as  a  point  of  departure  in  developing  and  com- 
paring their  properties,  is  exceedingly  convenient.  At  all  events,  it 
is  certain  that  the  elements  of  these  compounds  assume  the  same 
arrangement  when  acted  on  by  potash  at  a  high  temperature. 

All  the  organic  nitrogcnised  constituents  of  the  body,  how  differ- 
ent soever  they  may  be  in  composition,  are  derived  from  protein. 
They  are  formed  from  it,  by  the  addition  or  subtraction  of  the  ele- 
ments of  water  or  of  oxygen,  and  by  resolution  into  two  or  more 
compounds. 

This  proposition  must  be  received  as  an  undeniable  truth,  when 
we  reflect  on  the  development  of  the  young  animal  in  the  egg  of  a 
fowl.  The  egg  can  be  shown  to  contain  no  other  nitrogcnised  com- 
pound except  albumen.  The  albumen  of  the  yolk  is  identical  with 
that  of  the  white;  the  yolk  contains,  besides,  only  a  yellow  fat,  in 
which  cholesterine  and  iron  may  be  detected.  Yet  we  see,  in  the 
process  of  incubation,  during  which  no  food  and  no  foreign  mat- 
ter, except  the  oxygen  of  the  air,  is  introduced,  or  can  take  part  in 
the  development  of  the  animal,  that  out  of  the  albumen,  feathers^ 
claws,  globules  of  the  blood,  fibrin,  membrane  and  cellular  tissue, 
arteries  and  veins,  are  produced.  The  fat  of  the  yolk  may  have 
contributed,  to  a  certain  extent,  to  the  formation  of  the  nerves  and 
brain;  but  the  carbon  of  this  fat  cannot  have  been  employed  to  pro- 
duce the  organised  tissues  in  which  vitality  resides,  because  the 
albumen  of  the  v/hite  and  of  the  yolk  already  contains,  for  the 
quantity  of  nitrogen  present,  exactly  the  proportion  of  carbon  re- 
quired for  the  formation  of  these  tissues. 

The  true  starting-point  for  all  the  tissues  is,  consequently,  albu- 
men; all  nitrogcnised  articles  of  food,  whether  derived  from  the 
animal  or  from  the  vegetable  kingdom,  are  converted  into  albumen 
before  they  can  take  part  in  the  presence  of  nutrition. 

Fibrin  has  been  examined  hitherto  only  in  the  solid  state;  but 
by  filtering  fresh  frog's  blood,  we  obtain  it  in  solution,  and  by  allow- 
ing it,  as  it  passes  through  the  paper,-  to  drop  into  a  watch-glass 
which  contains  acetic  acid,  its  coagulation  is  prevented;  or  if,  in 
place  of  acetic  acid,  the  glass  contains  solution  of  common  salt,  the 
fibrin  either  does  not  coagulate  at  all,  or  only  in  a  very  small  pro- 
portion.   In  the  same  way  the  coagulation  of  the  fresh  blood  of  the 

*  The  experiment  of  Tiedemann  and  Gmelin,  who  found  it  impossible  to  sus- 
tain the  life  of  geese  by  meane  of  boiled  white  of  egg,  may  be  easily  explained, 
when  we  reflect  thai  a  graminivorous  animal,  especially  when  deprived  of  free 
motion,  cannot  obtain,  from  the  transformation  or  waste  of  the  tissues  alone,  enough 
of  carbon  for  the  respiratory  process.  2  lbs.  of  albumen  contain  only  3}  oz.  of 
carbon,  of  which,  among  the  last  products  of  transformation,  a  fourth  part  is  given 
off  in  the  form  of  uric  Beid. 
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frog  is  delayed  for  a  very  long  time,  thoagh  not  entirely  prevented, 
by  adding  to  it  a  solution  of  common  salt.  It  has  been  long  known 
that  certain  salts,  such  as  sulphate  of  soda  and  nitrate  of  potash, 
when  added  in  some  quantity  to  fresh  human  blood,  have  (he  pro- 
perty of  preventing  its  coagulation.  And  this  in  some  measure  ex- 
plains the  action  of  the  cooling  salts  on  the  blood  in  the  treatment 
of  inflammation;  they  produce  some  change  in  the  fibrin,  which 
counteracts  the  great  tendency  that  it  has  in  that  morbid  state  to 
accumulate  and  coagulate  in  the  vessels  of  the  inflamed  organ  and 
on  the  surface  of  membranes  aflcr  exudation.* 

It  has  also  been  long  known  that  a  watery  solution  of  caustic 
potash  or  soda  prevents  the  coagulation  of  human  blood  out  of  tho 
body.  According  to  MM.  Prevost  and  Dumas,  the  coagulation  of 
the  blood  of  the  higher  animals,  when  removed  from  the  body,  is 
prevented  by  tho  addition  of  as  little  as  tdV?^^^  P^^^  ^f  caustic  potash. 
If  the  liquor  sanguinis  of  the  frog's  blood,  while  filtering,  is  made  to 
drop  into  a  watch-glass  in  which  there  is  some  liquor  polassssj  the 
fibrin  does  not  coagulate  to  a  clot,  but  there  are  slowly  formed  in  it 
very  small  flocculi,  which  it  requires  close  inspection  to  discover. 
The  production  of  these  flocculi  is  still  more  evident  when  the  watch- 
glass  contains  sulphuric  ether,  fresh  ether  being  added  in  proportion 
as  it  evaporates.  No  globules  or  flocculi  are  produced  in  the  liquor 
sanguinis  by  the  action  of  liquor  anrimonios. 

Fresh  coagulated  fibrin  may  be  obtained  for  chemical  analysis 
by  washing  the  coagula  which  adhere  to  the  twigs  with  which 
fresh  blood  has  been  stirred,  or  by  merely  washing  tho  crassamen- 
tnm.  As  thus  obtained,  it  is  specifically  heavier  than  water,  serum, 
or  blood  deprived  of  its  fibrin;  it  sinks  in  all  these  fluids  if  it  is  free 
from  air-bubbles.  The  following  description  of  fibrin  is  borrowed 
from  Berzelius: — 

Coagulated  fibrin  when  washed  is  white;  by  drying,  it  becomes 
yellowish,  hard,  and  brittle,  but  not  transparent,  and  loses  three- 
fourths  of  its  weight.  It  becomes  soft  again  when  macerated  in 
water,  but  is  not  dissolved.  It  has  no  particular  smell  or  taste.  At 
the  temperature  at  which  it  undergoes  decomposition,  it  melts,  pufis 
up,  and  bums,  leaving  a  shining  cinder,  just  as  is  the  case  with  other 
substances  which  contain  nitrogen.  The  cinder  burns  to  gray-white, 
compact,  semi-fused  ashes,  which  amount  to  §  percent,  of  the  weight 
of  the  dried  fibrin.  The  ashes  are  neither  acid  nor  alkaline:  af^er 
solution  in  muriatic  acid  they  leave  traces  of  silica,  but  they  consist 
chiefly  of  phosphate  of  lime,  some  phosphate  of  magnesia,  and  a 
very  slight  trace  of  iron.  The  components  of  the  ashes  cannot  be  ex- 
tracted by  acids  from  the  fibrin  before  combustion,  and  appear  there- 
fore to  have  entered  chemically  into  the  composition  of  the  fibrin, 
and  not  to  have  been  merely  mixed  with  it.  In  the  coagulated  state, 
fibrin  is  insoluble  both  in  cold  and  warm  water,  but  by  long-con- 
tinued boiling  in  water  its  composition  undergoes  a  change;  it  shrivels 
up,  becomes  hard,  and  falls  to  pieces  on  the  slightest  pressure.    Dur- 

*  See  Dn  Borrovft^a  Croonian  Lectures,  Medical  Gazette,  1834. 
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ing  this  change  no  gas  is  developed;  but  the  fluid  becomes  turbid, 
and  is  afterwards  found  to  contain  a  newly  formed  substance  derived 
from  the  components  of  the  fibrin.  The  solution  of  this  new  sub- 
stance has  no  similarity  to  solution  of  gelatin.* 

Fibrin,  coagulated  albumen,  casein,  and  colouring  matter  of  the 
blood  have  this  character  in  common,  that  they  yield  no  gelatin  by 
boiling  in  water.  Fibrin  has  also,  with  some  other  substances,  (but 
not  albumen,)  the  property  of  decomposing  peroxide  of  hydrogen  by 
mere  contact;  oxygen  being  developed  and  water  formed,  while  the 
fibrin  remains  unaltered.  If  the  quantity  of  fibrin  is  large,  heat  is 
at  the  same  time  developed.  It  unites  both  with  acids  and  alkalies, 
playing  in  the  one  case  the  part  of  a  base,  in  the  other  that  of  an 
acid,  or  at  least  of  an  electro-negative  substance.  With  concentrated 
acids  it  swells  up,  forming  a  transparent  gelatinous  acid  substance; 
with  diluted  acids  it  forms  a  neutral  compound,  contracting  consider- 
ably at  the  same  time.  The  acid  compound  with  the  mineral^  acid 
is  insoluble  in  water,  the  neutral  compound  is  soluble;  while  both 
the  neutral  and  acid  compounds  with  acetic  acid  are  soluble.  The  fer- 
rocyanuret  of  potassium,  when  added  to  a  solution  of  fibrin  in  acetic 
acid,  throws  down  a  precipitate:  this  is  characteristic  of  fibrin,  dis- 
tinguishing it  from  cellular  tissue,  tendinous  structure,  and  the  elastic 
tissue  of  arteries.  Albumen  is  acted  on  by  the  acids  in  the  same 
way  as  fibrin.  According  to  Caventou  and  Bourdois,  fibrin,  albumen, 
casein,  and  mucus,  are  dissolved  by  cold  concentrated  muriatic  acid, 
and  the  solutions,  if  kept  at  a  temperature  of  from  64^  to  68^  Fahr* 
acquire  after  twenty-four  hours  a  beautiful  blue  colour;  while  this 
effect  is  not  produced  in  the  case  of  gelatin  and  the  substance  of  ten- 
dons. If  the  fibrin  used  in  this  experiment  had  not  been  perfectly 
freed  from  the  colouring  matter,  the  fluid,  instead  of  being  blue,  was 
purple  or  violet.  Fibrin,  albumen,  and  casein,  also  agree  in  being 
dissolved  to  a  gelatinous  mass  by  caustic  potash  and  soda,  without 
being,  like  horn,  converted  into  a  soapy  substance.  The  gaseous 
elements  of  fibrin,  according  to  the  analysis  of  Gay  Lussac  and  The- 
nard,  and  that  of  Michaelis,t  are  combined  in  the  following  propor- 
tions:— 

Oay  Luuae  and  Thenard, 

Nitrogen,  .  .  19*934 

Carbon,  .  .  53*360 

Hydrogen,  .  .  7  021        . 

Oxjgcn,  .  .  19*685 

Fibrin  exists  in  solution  in  the  chyle  and  lymph  as  well  as  in  the 
blood,  and  the  muscles  and  uterus  contain  it  in  the  solid  state.  In 
the  fibres  of  the  arteries,  however,  there  is  no  fibrin. 

Albumen. — The  substance  which  remains  after  the  extraction  of 
the  lactic  acid  and  osmazome  from  the  dried  coagulum  of  the  serum 
of  the  blood,  is  albumen.  It  is  also  an  ingredient  in  lymph  and  chyle, 
in  the  white  and  yolk  of  the  egg,  (in  the  latter  mixed  with  oil,)  ia 

*  BerzelioB,  loc.  ciu  pp.  35,  36. 

t  See  also  Beraeliut,  loc.  cir.  pp.  34-47.— E.  H.  Weber,  loc.  oit  p.  83. 


Mieha 
Arterial  Blood. 

elis. 
Venous  Blood. 

17-587 

17267 

51*374 

50-440 

7*254 

8228 

23-785 

24065 
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the  exhalations  of  the  serous  membranes,  in  the  fluid  of  the  cellular 
tissue,  in  the  aqueous  and  vitreous  humours  of  the  eye,  in  the  brain 
and  nerves  in  combination  with  fat  containing  phosphorus,  and  in 
the  contents  of  the  Graafian  vesicle  of  the  ovarv  of  Mammalia  and 
man.  Here  we  have  to  consider  principally  the  albumen  of  the 
serum,  and  this  in  two  states. 

a.  Albumen  in  the  state  of  solution. — In  the  serum  it  is  in  com- 
bination with  soda,  forming  what  is  called  albuminate  of  soda.  Ber- 
zelius  does  not  believe  that  the  albumen  of  the  serum  is  held  in 
solution  by  means  of  the  soda;  for  the  soda  may  be  saturated  with 
acetic  acid,  without  any  precipitate  being  produced.  Stromeyer 
found  that  ten  drops  of  distilled  vinegar  were  necessary  to  neutralise 
half  an  ounce  of  blood.  If  serum  or  solution  of  albumen  is  evapo- 
rated at  a  temperature  below  M0°  Fahr.,  the  albumen  is  left  dry  and 
transparent,  and  is  in  that  state  soluble  in  water.  At  a  temperature 
between  158°  and  167°  Fahr.  the  albumen  coagulates,  and  it  is  then 
insoluble  in  water. 

If  serum  is  mixed  with  a  large  quantity  of  water,  it  no  longer  be- 
comes solid  by  heat,  but  coagulates  in  globules,  so  as  to  form  a  milky 
fluid,  which,  however,  when  evaporated,  yields  coagulated  albumen 
\vith  the  usual  characters.  Albumen  is  coagulated  by  the  action  of 
the  galvanic  battery,  by  alcohol,  mineral  acids,  metallic  salts, — for  ex- 
ample, by  salts  of  tin,  lead,  bismuth,  silver,  and  mercury, — by  chlorine, 
and  by  infusion  of  galls;  and  the  same  effect  is  produced  on  the  albu- 
men of  the  serum,  according  to  the  observations  of  Dutrochet  and 
myself,  bv  a  very  concentrated  solution  of  fixed  alkali; — for  example, 
coagulation  is  produced  when  a  small  quantity  of  serum  is  mixed 
with  a  large  quantity  of  liquor  potassoe.  White  of  egg,  however, 
unless  undiluted,  is  not  coagulated  by  liquor  potassae.  Liquor  potassre 
precipitates  also  the  albumen  of  lymph  and  chyle.  Acetic  acid, 
which  throws  down  casein  and  the  gelatin  of  cartilage  from  their 
solutions,  does  not  precipitate  albumen.  Albumen  of  the  egg  is  coa- 
gulated by  pure  ether,  which  produces  no  precipitate  in  serum.  This 
was  first  observed  by  Gmelin,  and  I  have  since  seen  it  confirmed. 

My  experiments  on  fibrin  in  the  fluid  state  as  it  exists  in  the  blood 
have  afibrded  me  data  for  comparing  it  with  albumen  in  a  state  of 
solution.  Acetic  acid  produces  no  precipitate  in  serum,  and  none  also 
in  the  solution  of  fibrin;  thus  the  liquor  sanguinis  of  frog's  blood,  if 
allowed  to  drop  from  the  filter  into  acetic  acid,  does  not  coagulate. 
The  neutral  salts  produce  no  precipitate  in  serum;  and  many  of  them 
— as  the  carbonates  of  potash  and  soda,  nitrate  of  potash  and  sulphate 
of  soda, — prevent  the  spontaneous  coagulation  of  fibrin.  Common 
salt  has  the  same  effect  on  the  fibrin  in  frog's  blood.  Liquor  am- 
monias produces  no  precipitate  in  the  fibrinous  fluid  obtained  by  fil- 
tration from  frog's  blood,  any  more  than  in  solution  of  albumen  or  in 
serum.  Liquor  potassae  precipitates  the  albumen  from  serum,  and 
likewise  precipitates  in  small  flocculi  the  fibrin  of  liquor  sanguinis 
allowed  to  drop  from  the  filter  into  a  watch-glass  containing  it.  £ther 
produces  no  precipitate  in  serum,  but  the  fibrin  coagulates  when  the 
liquor  sanguinis  or  filtered  frog's  blood  drops  into  a  watch-glass  con- 

9* 
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taining  ether.  The  coagulation  of  fibrin  by  liquor  potassse  or  ether 
diflfers  from  its  spontaneous  coagulation,  inasmuch  as  in  the  latter 
case  a  completely  coherent  coagulum  is  formed  which  is  at  first 
transparent  and  gradually  becomes  turbid  or  opaque,  while  in  the 
artificial  coagulation  the  fibrin  takes  the  form  of  separate  globules, 
as  is  often  the  case  with  albumen  when  coagulated.  The  prmcipal 
differences  between  the  solution  of  fibrin  and  that  of  albumen  in  the 
serum,  are,  that  the  former  coagulates  spontaneously,  while  albumen 
coagulates  only  under  the  action  of  heat  or  certain  re-agents,  and 
that  the  fibrin  is  precipitated  by  ether  in  the  form  of  globules,  while 
the  albumen  is  not.  Coagulated  albumen  and  fibrin  are  readily  dis- 
tinguishable from  coagulated  casein,  by  the  latter  substance  when 
coagulated  by  acids  and  alcohol  being  again  soluble  in  water.  •  Al- 
bumen, fibrin,  and  casein,  however,  have  the  common  character  of 
being  precipitated  from  their  solutions  in  acids  by  ferrocyanuret  of 
potassium 

If  albumen  in  solution  is  mixed  with  acids  or  alkalies,  the  part 
which  unites  with  the  re-agent  undergoes  the  same  change  as  when 
it  is  coagulated,  even  although  the  re-agent  does  not  precipitate  it; 
thus  it  is  precipitated  from  the  solution  in  acetic  acid  when  potash  is 
added,  and  from  the  alkaline  solution  on  the  addition  of  acids,  juift 
as  is  the  case  with  the  colouring  matter  of  the  blood  under  similar 
circumstances. 

If  a  small  quantity  of  a  metallic  salt  is  mixed  with  serum,  and  a 
rather  larger  proportion  of  caustic  potash  added  than  is  necessary 
for  the  decomposition  of  the  metallic  salt,  the  oxide  is  not  precipi- 
tated, but  remains  in  solution  combined  with  the  albumen.  Berze- 
lius,  who  mentions  this,  remarks  that  by  this  means  metallic  salts,  or 
oxides,  are  absorbed  from  the  intestinal  canal  or  the  skin,  carried  into 
the  circulation,  dissolved  in  the  serum,  and  expelled  with  the  excre- 
tions; and  hence  it  is  that  after  the  continued  use  of  mercury,  we 
iind  the  protoxide  dissolved  in  the  fluids  of  the  body.*^  Would  not 
the  extremely  intimate  combinations  of  the  metallic  oxides  with 
albumen  be  useful  in  medicine?  Albumen  of  the  egg  or  serum  co- 
agulates when  mixed  with  concentrated  solutions  of  earthy  or  me- 
tallic salts,  and  the  coagulum  contains  the  components  of  the  salt. 
These  coagulated  combinations  of  albumen  with  salts  also  deserve 
a  greater  attention  in  medicine.  Among  the  metallic  salts  already 
mentioned,  the  acetate  of  lead,  and,  still  more,  the  bichloride  of  mer- 
cury, are  remarkable  as  being  the  most  delicate  tests  for  albumen. 
Corrosive  sublimate  renders  turbid  a  fluid  which  contains  only  ^Vrv^ 
part  of  albumen  in  solution.  From  its  great  tendency  to  unite 
chemically  with  this  salt,  albumen  is  an  antidote  for  it. 

6.  Jllbumen  in  the  coagulated  statej  in  which  it  consists  of  ag- 
gregated globules,  has  the  same  chemical  properties  as  fibrin,  and 
Berzelius  knows  no  chemical  test  to  distinguish  them,  except  that 
coagulated  albumen  does  not  decompose  the  peroxide  of  hydrogen. 

*  Autenrieth  and  Zeller,  Rei1*8  Archiv.-Yiii — Sohubarth,  Hom^s  Archiv.  18S3 
Not.  417.— Cantu,  Mem.  d.  Tor.  39,  18*25.— fiuchner,  Toxicol.  638. 
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Their  elementary  composition  also  differs  little,  as  is  seen  by  com- 
paring the  analyses  of  albumen  given  by  Gay  Liissac  and  Thenard^ 
MichaeiiSy  and  Prout,  with  those  of  fibrin  already  given. 


Omf  Luuae  and  Tkenard.                            Michaelis,  ProuL 

Arterial.  Venouf. 

15-56*2        .        15505  15-550 

53000        .        52650  49-750 

6-993        .          7-359  8-775 

24-436        .        24-484  26-925 


Nitrogen,  .  .  15-705 

Carbon,  .  .  52-883 

Hydrogen,  .  .  7-540 

Oxygen,  .  .  23*872 


Berzelius  found  the  proportion  of  the  albumen  to  the  other  consti- 
tuents in  100  parts  of  the  serum  of  human  blood  to  be  as  follows: — 

Water,  .......  90-59 

Albamen,         .......  800 

100-00 

Casein. — This  principle  is  procured  from  milk.  It  requires  no 
specific  notice  just  now  beyond  that  already  given,  of  its  general 
identity  with  fibrin  and  albumen. 

Gelatin. — The  new  organic  matters  formed  by  the  secretions — 
such  as  picromely  casein,  mucus,  &c.— being  excluded  from  consider- 
ation, the  blood  will  be  found  to  contain  the  proximate  elements  of 
all  the  solid  parts  of  the  body, — namely,  fibrin,  albumen,  osmazome, 
lactic  acid,  and  fatty  matter.  The  only  exception  is  the  gelatin  or 
gluten  which  is  obtained  from  tendon,  cartilage,  bone,  serous  mem- 
brane, and  cellular  tissue,  particularly  that  of  the  muscles.  Par- 
mentier  and  Deyeux,  and  Saissy  thought,  indeed,  that  they  had 
discovered  gelatin  also  in  the  blood;  but  this  was  evidently  an  error. 
Gelatin  is  obtained  from  the  parts  above-mentioned  by  boiling  water: 
its  slight  solubility  in  alcohol  and  cold  water  serve  to  distinguish  it 
from  osmazome.  Its  solution  even  in  one  hundred  and  fifty  parts 
of  hot  water  forms  a  jelly  on  cooling,  which  is  a  compound  of  the 
gelatin  with  water;  this  jelly  is  again  soluble  in  boiling  water,  by 
which  it  is  distinguished  from  fibrin  and  albumen.  Gelatin  is  slowly 
solablo  in  acids  and  alkalies,  and  is  precipitated  by  tannin,  alcohol, 
bichloride  of  mercury,  sulphate  of  platinum,  chloride  of  platinum, 
and  chlorine.  It  is  not  precipitated  by  the  muriatic  and  acetic  acids, 
acetate  of  lead,  alum,  sulphate  of  alumina,  and  sulphate  of  iron. 
The  solution  of  gelatin  in  acids  is  not  precipitated  by  ferrocyanuret 
of  potassium.  Some  writers  regard  gelatin  as  a  product  of  the  de- 
composition of  other  animal  matters  in  boiling,  and  in  proof  have 
adduced  the  observation  of  Berthollet,  that  muscular  substance, 
which  has  ceased  to  afford  gelatin  by  boiling,  reacquires  that  pro- 
perty after  undergoing  putrefaction  in  a  confined  atmosphere,  with 
development  of  carbonic  acid.*     It  appears  to  me,  however,  that  the 

•  CodbqU  lVieDho1t.--Mecke1,  Archiv.  i.  306.— Berzelius,  loc.  cit.  p.  661. 
Tbe  French  tnnslaUon,  p.  703. 
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arguments  in  favour  of  that  opinion  are  insufficient,  and  there  are 
many  others  opposed  to  it.  The  tissues  above-mentioned  alone  yield 
gelatin  by  boiling;  there  must  consequently  be  a  peculiar  matter  pie- 
existing  in  them,  and  my  recent  investigations  have  shown  that  this 
matter  varies  in  its  properties  according  to  the  parts  from  which  it  is 
obtained.  See  the  account  of  the  chemical  composition  of  the  tissues 
to  be  given  presently. 

OsMAzoME,  or  animal  extractive  of  Thouvenet,  is  soluble  both  in 
water  and  alcohol,  whether  hot  or  cold;  it  deliquesces  in  a  damp 
atmosphere,  mqlts  when  heated,  and  is  precipitated  from  its  solutions 
by  infusion  of  galls.  Osmazome  is  found  by  Gmelin  to  exist  also  in 
saliva,  and  in  the  pancreatic  and  gastric  juices.  Berzelius  regards 
osmazome  not  as  a  peculiar  substance,  but  as  a  compound  of  an 
animal  matter  with  salts  of  lactic  acid. 

Fatty  Matter.— It  is  most  probable  that  fat  is  really  con- 
tained in  the  fibrin,  albumen,  and  colouring  matter,  and  is  merely 
extracted  from  it  by  the  process  of  boiling  in  alcohol,  for  the  chyle 
from  which  the  blood  is  formed  contains  fatty  matters  in  the  free  state, 
in  the  form  of  emulsion;  and  during  the  formation  of  the  blood,  these 
fatty  matters  of  the  chyle  unite  probably  more  intimately  with  the 
other  animal  matters.  Chevreul  has,  by  means  of  ether,  separated 
from  fibrin  a  fatty  matter,  analogous  to  that  which  we  obtain  from 
the  brain,  and,  like  it,  chiefly  remarkable  for  containing  phosphorus 
in  a  combined  state.  Berzelius  also  is  now  of  opinion,  that  the  fatty 
matter  is  only  extracted,  not  produced,  by  the  analysis;  and  he  is  led 
to  this  opinion  more  especially  from  observing  that  the  fibrin  is  not 
chemically  changed  by  the  extraction  of  the  fat  by  ether  or  alcohol, 
and  that  after  the  usual  small  quantity  of  fat  is  separated,  no  more 
can  be  obtained  by  continuing  the  process.  The  fatty  matter  of 
fibrin  is,  according  to  Berzelius,  in  a  saponaceous  state,  for  its  solution 
in  cold  alcohol  reddens  litmus  paper;  a  proof  that  at  least  a  part  of  it 
must  be  in  the  state  of  an  acid,  as  is  the  case  after  the  process  of 
conversion  of  a  fat  into  soap.  Berzelius  describes  two  modifications 
of  the  fatty  matter  of  fibrin,  and  concludes  with  the  remark,  that  it 
has  great  resemblance  to  the  acid  salts  of  stearic  and  elaic  acids  with 
potash,  described  by  Chevreul,  except  in  its  greater  solubility  in  ether 
and  alcohol.  According  to  Chevreul,  the  fatty  matter  in  fibrin 
amounts  to  4  or  4  j  per  cent.  Lecanu  found  a  crystallisable  fatty 
matter,  and  an  oily  matter  in  the  blood;  of  the  former  there  were 
from  1-20  to  2-10  parts,  of  the  latter  from  1  to  1-30  part  in  1000 
parts  of  serum.  Boudet*  confirms  Gmelin's  statement  that  the  blood 
also  contains  cholesterine. 

When  free,  uncombined,  fatty  matter  exists  in  the  blood  in  unusual 
quantity,  the  serum  is  rendered  milky  by  globules  of  fat  floating  in  it; 
this  is  frequently  observed  in  young  animals,  and  more  rarely  in  adult 
human  beings.t 

*  Essai  Critiaiie  et  Experimental  sur  le  Sang.  Paris,  1833. 

ISee  Dr.  Babington,  Med.  Chir.  Transact,  vol.  ZTi.^Dr.  Trail,  Edinb.  Med« 
Sarg.  Journ.  toI.  xtU.— Dr.  Christison,  ibid,  xxxiii.— M.  Leoana,  Ann.  de 
Chimie  et  de  Phys.  t.  zlTiii. 
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All  kinds  of  fat  are  remarkable  for  the  small  quantity  of  oxygen, 
and  the  preponderating  quantity  of  carbon,  which  enter  into  their 
composition.  It  is  also  remarkable  that  the  fatty  matters, — elaine 
and  stearine, — which  occur  in  the  body  in  the  free  state,  always 
combined  one  with  the  other,  contain  absolutely  no  nitrogen.  Elaine 
and  stearine  are  soluble  in  ether  and  hot  alcohol,  and  the  elaine  re- 
mains dissolved  in  the  alcohol  even  after  it  has  cooled. 

Oxygen, 

HjdrogoD, 
Ctrbon, 

Other  fatty  matters — for  instance,  that  of  the  blood — are  combined 
with  other  animal  substances;  they  crystallise  in  part  when  exposed 
fo  the  cold,  contain  nitrogen,  and  cannot  be  converted  into  soap. 
The  fatty  matters  of  the  blood  and  brain  contain  phosphorus  also. 
Fatty  matters  of  this  kind  occur  in  a  combined  state  in  the  blood, 
in  cerebral  and  nervous  substance,  in  the  liver,  and  perhaps  in  some 
other  parts. 
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CHAPTER  I. 

Histogeny —  The  formation  and  development  of  the  animal  tissues. 

The  proportion  in  which  the  proximate  principles,  described  in 
the  last  chapter,  severally  enter  in  the  composition  of  the  tissues 
will  presently  be  stated,  after  the  experiments  and  views  of  Schlei- 
den  and  Schwann  have  been  noticed.  But,  before  speaking  of 
these  as  relates  to  the  animal  organism,  it  may  be  well  to  re- 
peat a  few  of  the  leading  propositions  of  Schleiden  on  the  struc- 
ture of  the  newly  formed  tissues  of  plants.  All  these  seem  to  take 
their  origin  from  gum.  This  substance  is  in  some  instances  directly 
supplied  by  the  operation  of  the  formative  processes  upon  the 
nutritive  materials  derived  from  without.  More  frequently,  how- 
ever, it  has  passed  through  the  intermediate  condition  of  fecula 
(starch)  or  one  analogous  to  it.  Starch  in  the  plant  appears  to 
supply  the  place  of  animal  fat,  in  its  being  superfluous  nutritive 
matter  deposited  for  future  use.  Schleiden  specifies  the  large  cell  or 
embryonal  sac  of  the  unimpregnated  ovule  (in  which  the  albumen 
is  afterwards  formed,}  and  the  end  of  the  pollen  tube,  (from  where 
the  cells  of  the  embryo  itself  are  developed,)  as  the  points  in  which 
the  process  of  organisation  may  be  observed  most  easily  and  clearly. 
At  both  these  places  the  fluid  is  at  flrst  homogeneous  and  transparent; 
but  minute  granules,  such  as  those  found  deposited  in  the  cells  of 
plants  containing  fecula,  soon  originate  in  it;  and  it  then  becomes 
opalescent,  or  even  opaque  through  the  presence  of  a  large  mass  of 
granules.  Single,  larger,  more  sharply  defined  granules  are  now 
evident  in  this  mass;  and  very  soon  afterwards  they  present  a  regular 
form,  and  increase  considerably  in  size,  apparently  from  the  coagu- 
lation of  the  minute  granules  round  the  large  ones.  From  these 
bodies  the  cells  take  their  origin.    When  the  cy  to  blasts,  increasing 
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separately  in  the  gummy  fluid,  have  attained  their  full  size,  the 
formation  of  the  cell  conimences.(a)* 

Modern  vegetable  Physiologists  had  already  arrived  at  the  result 
that  the  different  tissues  of  plants,  such  as  cellular  tissue,  woody 
fibre,  ducts  and  spiral  vessels  are  all  originally  developed  from  colls. 
The  mode  of  formation  of  these  cells  has  been  explained  l)y  Schlei- 
den.t  He  has  shown  that  they  are  produced  from  the  "nuclei"  of 
Robert  Brown,  and  hence  he  calls  these  bodies  "cytoblasts"  [xv^oj 
a  cell,  jSxaatbs  a  germen].  The  cytoblast  is  generally  of  a  yellowish 
colour,  and  internally  of  a  granular  structure.  In  its  interior  Schleiden 
has  detected  a  second  nucleus  (nucleolus)  called  by  him  the  nucleus 
corpuscule,  which  sor^etimes  resembles  a  mere  spot,  at  other  times 
a  hollow  globule.  The  cytoblasts  are  developed  in  a  mass  of  mucous 
granules  contained  within  previously  existing  cells.  As  soon  as 
they  have  attained  their  full  size,  a  delicate  transparent  vesicle  rises 
upon  the  surface  of  each.  This  is  the  young  cell,  which  at  first  bears 
the  same  relation  to  the  flat  nucleus  as  the  watch-glass  bears  to  a 
watch.  When  the  cell  has  increased  in  size  the  cytoblast  appears 
merely  as  a  solid  body  included  in  the  wall  of  the  cell.  The  layer 
which  now  covers  the  cytoblast  on  the  side  towards  the  interior  of 
the  cell  is  extremely  delicate, — indeed,  seldom  to  be  recognised  by 
the  eye, — and  it  soon  becomes  wholly  absorbed,  while  the  cytoblast 
itself  disappears  at  the  same  time.  The  newly  developed  cells  lie 
free  in  the  cavity  of  the  parent  cell,  and,  as  they  grow  and  exert 
reciprocal  pressure  against  each  other,  assume  the  polyhedral  form. 

The  following  are  the  more  important  observations  of  Schwannj: 
respecting  the  cells  of  animals  and  the  agreement  of  animals  and 
plants  in  their  ultimate  structure. 

In  the  chorda  dorsalis,  the  cellular  structure  of  which  I  had  m3rself 
pointed  out  long  since,  Schwann  first  discovered  the  nuclei  or  cyto- 
blasts. Each  cell  of  the  chorda  dorsalis  of  Pelobates  fuscus  has  its 
disk-like  cytoblast  lying  at  the  inner  surface  of  the  wall  of  the  cell; 
and  in  this  nucleus  there  is  seen  one,  rarely  two  or  three,  clearly  de- 
fined spots.  In  the  cavity  of  the  cells  young  cells  are  developed^  as 
in  plants. 

Cartilages  also  are,  according  to  Schwann's  observations,  com- 
posed entirely  of  cells,  when  first  formed.  The  cartilaginous  bran- 
chial rays  of  fishes  at  their  apex  are  composed  of  small  polyhedral 
cells,  lying  in  close  contact  with  each  other,  and  having  very  thin 

(a)  The  preceding  paraorraph  and  the  whole  arrangement  of  this  Book,  together 
with  pages  97-8  from  Liebig,  are  introduced  by  the  American  editor,  who  believes 
that  a  view  of  the  formation,  distribution,  and  general  properties  of  the  tissues, 
ouj^ht  to  precede  an  inquiry  into  the  functions  of  the  several  organs,  which  are  in 
various  proportions  composed  of  these  tissues. 

•  Brit.  &  For.  Med.  Rev.  Vol.  IX. 

t  Miiller's  Archiv.  1838,  p.  137. 

i  Froriep's  Notizen,  1828,  No.  91,  103, 113.  Schwann,  Mikroscopische  Unter- 
suchungen  liber  die  Ueber-einstimmung  in  der  Structur  and  dem  Wachsthum  der 
Thiere  und  Pflanzen,  Berlin,  1838.  A  review  of  this  work  with  a  copious  ab- 
stract of  its  contents  is  contained  in  the  9th  volume  of  the  British  and  Foreign 
Medical  Review. 
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walls.  These  cells  have  rounded  granular  nuclei.  Towards  the  mid- 
dle of  the  branchial  ray  the  septa  between  the  cavities  of  the  diifer- 
ent  cells  formed  by  their  walls,  gradually  become  thicker.  Nearer 
to  the  root  or  base  of  the  branchial  ray  the  walls  of  the  contiguous 
cells  can  no  longer  be  distinguished  from  each  other,  and  the  mass 
appears  to  be  formed  of  a  homogeneous  substance  containing  small 
cavities;  but  around  some  of  the  cavities  a  circular  line  can  be  dis- 
tinguished which  indicates  the  boundary  of  the  wall  of  the  cell,  and 
proves  that  the  whole  mass  is  not  formed  by  ttie  thickened  walls  of 
the  cells,  but  that  a  real  intercellular  substance  also  exists.  Even 
while  the  walls  of  the  cells  are  still  in  contact  with  each  other^  this 
intercellular  substance  is  present,  at  that  time  appearing  here  and 
there  like  a  triangular  space  between  three  contiguous  cells.  In  this 
form  of  cartilage  the  process  of  development  consists  partly  in  the 
thickening  of  the  walls  of  the  cells  and  partly  in  the  production  of 
an  intercellular  substance.  In  higher  vertebrate  animals  the  thick- 
ening of  the  walls  of  the  cells  is  not  observed,  and  the  principal  mass 
of  the  future  cartilage  appears  to  be  formed  by  the  intercellular  sub- 
stance in  which  the  cells  with  the  younger  cells  within  them  are 
included.  The  development  of  cells  in  the  manner  of  the  cells  of 
plants  has  been  observed  by  Schwann  in  the  branchial  cartilages  of 
Pelobates  fuscus,  in  which  some  cells  contain  mere  nuclei;  others, 
nuclei  with  small  cells  developed  upon  them  and  scarcely  larger 
than  themselves;  others,  again  larger,  fully  formed  cells.  So  that 
here  all  the  stages  of  the  development  of  a  cell  are  present.  The 
process  of  the  development  of  cartilage  seems  to  be  independent  of 
blood-vessels  and  to  be  wholly  analogous  to  the  process  of  growth 
in  vegetable  tissues.  How  the  canals  radiating  from  the  corpuscules 
of  ossified  bone  are  developed  is  not  known.  Two  hypotheses  are 
proposed  by  Schwann.  If  the  osseous  corpuscules  are  the  cavities 
of  cells,  the  thickened  walls  of  which  have  coalesced  with  each  other 
and  with  the  intercellular  substance  so  as  to  form  the  mass  of  the 
cartilage  of  the  bone,  then  the  radiating  canaliculi  must  be  regarded 
as  canals  extending  from  the  cavities  of  the  cells  through  their  thick- 
ened walls,  and  would  be  analogous  to  the  pore-like  canals  of  some 
vegetable  cells.  But  if  the  osseous  corpuscules  are  the  cells  them- 
selves and  not  merely  their  cavities,  the  whole  substance  between 
the  corpuscules  being  intercellular  substance;  in  this  case  the  canali^ 
culi  will  probably  be  radiating  prolongations  of  the  cells  extending 
into  the  intercellular  substance.  According  to  the  latter  view,  which 
Schwann  regards  as  the  more  probable,  the  canaliculi  would  corre- 
spond to  the  processes  given  off  from  some  cells  of  plants. 

Besides  the  formation  of  young  cells  in  the  cavities  of  previously 
existing  cells,  Schwann  has  observed  their  development  in  the  exte- 
rior of  other  cells  in  a  structureless  substance,  the  cytoblastcma.  In 
this  case  also  the  nucleus  generally  appears  to  be  first  formed  and 
the  cell  to  be  afierwards  developed  around  it.  In  many  animal  tis- 
sues the  new  cells  are  formed  on  the  exterior  of  the  earlier  cells.  In 
the  one  case  the  cytoblastcma  exists  in  the  interior  of  the  cells  al- 
ready existing;  in  the  other  it  is  external  to  them. 
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Schwann  arranges  the  tissues  of  the  animal  organism,  according 
to  the  mode  of  their  development,  in  five  classes: 

I.  Isolated  independent  cells  which  either  float  free  in  a  fluid,  or 
if  deposited  in  contact  with  each  other  are  still  uncotmected  and 
movable. 

II.  Independent  cells  arranged  so  as  to  form  a  continuous  mem- 
brane. 

III.  Tissues  formed  of  cells,  the  walls  of  which  have  coalesced, 
while  their  cavities  remain  distinct. 

IV.  Fibre  cells, — cells  which  have  become  elongated  in  difierent 
directions  and  resolved  into  bundles  of  fibres. 

V.  Cells,  both  the  walls  and  the  cavities  of  which  have  cosilesced, 
so  as  to  form  tubes. 

To  the  ^rst  class  belong  the  corpuscules  of  the  blood.  The  vesi- 
cular nature  of  these  bodies  was  observed  by  C.  H.  Schultz.  Their 
nucelus,  as  Schwann  remarks,  remains  attached  to  the  inner  surface 
of  their  membranous  parietes  when  they  are  rendered  turgid  by  the 
action  of  water.  The  red  colouring  matter  of  the  corpuscules  is  to 
be  regarded  as  the  contents  of  the  cells.  The  lymph  corpuscules, 
the  globules  of  mucus  and  those  of  pus  belong  to  the  same  class. 
They  are  all  nucleated  cells. 

To  the  second  class  belong  the  horny  tissues,  the  pigment  mem- 
branes, and  the  tissue  of  the  crystalline  lens. 

1.  Epitheltum.^GeneraMy  composed  of  round  cells,  to  the  inner 
surface  of  whose  parietes  a  nucleus  containing  one  or  two  nucleoli 
is  attached.  When  united  into  a  membrane  they  are  polyhedral. 
In  the  epithelium  of  the  skin  of  a  frog  Schwann  saw  two  nuclei  in 
one  cell,  and  also  a  nucleated  epithelium  cell  within  another  larger 
cell,  a  fact  which  Henle  has  not  observed  in  Mammalia.  The  epithe- 
lium cells,  at  first  globular,  undergo  modifications  of  form  in  one  or 
two  directions.  Either  they  acquire  the  form  of  perpendicular  cylin- 
ders, as  in  the  epithelium  of  the  intestinal  mucous  membrane, 
described  by  Henle;  or  they  become  flattened  into  laminae,  which 
have  the  nucleus  in  the  middle  of  one  surface  and  which  sometimes 
are  elongated  or  riband-shaped,  as  in  the  epithelium  of  blood-vessels 
according  to  Henle.  In  the  latter  case  it  is  observed  that  the  young 
cells  are  found  beneath  the  older  ones,  and  are  at  first  globular,  but 
become  more  and  more  flattened  as  they  approach  the  free  surface 
of  the  epithelium. 

2.  Pigment  cells, — These  have  a  nucleus  at  one  part  of  their  pa- 
rietes, which  produces  the  well  known  white  spot  in  the  middle  of 
some  pigment  cells.  The  nucleus  has  usually  one  or  two  nucleoli. 
Many  pigment  cells  in  the  process  of  their  growth  send  out  hollow 
fibre-like  processes  in  difierent  directions,  so  as  to  become  stellate 
cells. 

3.  Nails. — The  nail  of  a  fully  developed  human  foetus  consists  of 
lamines  lying  horizontally  one  upon  the  other.  These  laminae  be- 
come less  and  less  distinct  at  the  inferior  surface  of  the  nail,  in  pro- 
portion as  the  part  examined  is  nearer  to  the  root  of  the  nail  which 
is  inserted  into  the  fold  of  the  skin  of  the  finger;  and  the  posterior 
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half  of  this  portion  of  the  nail  presents  nothing  of  a  laminated  stmc- 
tare,  but  consists  merely  of  polyhedral  cells  with  distinct  nuclei. 
Laminse  of  the  nail  treated  with  acetic  acid  separate  into  scales  in 
which  an  indistinct  nucleus  can  in  very  rare  cases  be  observed.  The 
polyhedral  cells  of  the  root  of  the  nail  must  become  flattened  into 
these  scales,  and  the  nail  ought  consequently  to  become  thinner 
towards  its  free  margin.  This  is  probably  prevented  by  the  forma- 
tion of  laminse  of  epithelium  at  the  under  surface  of  the  nail.  The 
homy  tissue  of  the  hoofs  of  animals  also  consists,  in  the  foetus,  en- 
tirely of  cells. 

4.  Feathers. — The  medullary  substance  of  feathers  is  composed 
of  polyhedral  cells.  In  the  young  feather  a  nucleus  is  visible  in  the 
wall  of  each  of  these  cells.  The  cells  are  developed  around  small 
nuclei  which  lie  in  great,  number  in  a  finely  granular  matter.  This 
formation  of  new  cells  takes  place  not  in  old  parent  cells  but  near 
the  surface  of  the  vascular  matrix  of  the  feather,  which  affords  the 
cytoblastema.  Some  of  the  nuclei  contain  nucleoli.  The  fibres  of 
the  cortical  part  of  the  shaft  of  the  feather  are  produced  from  large 
band-like  epithelium  cells  which  contain  nuclei  and  nucleoli.  These 
cells  become  resolved  into  several  fibres,  while  all  trace  of  the  cell 
disappears.  The  barbs  of  the  feather  are  themselves  miniature 
feathers;  the  secondary  shafts  have  the  same  structure  as  the  main 
shaft,  while  the  secondary  barbs  or  barbules  in  their  turn  consist  at 
first  of  nucleated  cells  applied  to  each  other  by  their  edges. 

5.  The  crystalline  lens. — The  fibres  of  the  crystalline  lens  are 
developed  from  the  cells  first  observed  by  Werneck.  In  the  lens  of 
a  chick  after  eight  days'  incubation  there  are  as  yet  no  fibres,  but 
merely  pale  round  cells,  some  of  which  contain  a  nucleus.  In  lenses 
further  developed,  some  of  the  larger  cells  contain  one  or  two  smaller 
cells  in  their  interior.  In  embryo  pigs,  measuring  3}  inches  in  length, 
the  greater  part  of  the  fibres  of  the  lens  is  already  perfect;  but  a  part 
is  still  not  completely  formed;  and  there  are  besides  many  round  cells 
which  are  about  to  undergo  their  metamorphosis.  The  perfect  fibres 
compose  a  nucleus  in  the  centre  of  the  lens.  The  next  fibres  are 
seen  to  be  tubular  prolongations  of  globular  cells.  The  dentated 
borders  of  these  cells,  like  those  of  some  vegetable  cells,  are  formed 
subsequently. 

Class  III. 

1.  Cartilages. — Their  structure  and  mode  of  development  have 
already  been  described. 

2.  The  teeth. — The  enamel  of  a  tooth  not  yet  fully  formed  retains 
the  same  form  and  structure  after  it  has  been  treated  with  dilute  acid. 
T^e  inner  surface  of  the  enamel  membrane  which  envelopes  the 
crown  of  the  tooth  is  formed  of  short  hexagonal  fibres,  placed  per- 
pendicularly, so  that  each  fibre  of  the  enamel  membrane  corresponds 
to  a  fibre  of  the  enamel.  These  fibres  of  the  enamel  membrane  ap- 
pear to  be  elongated  cells.  In  the  fresh  state  they  contain  a  nucleus 
with  nacleolL  Beneath  these  prismatic  fibres  of  the  enamel  mem- 
braoe  is  a  layer  of  round  cells  which  probably  represent  the  primary 
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condition  of  those  fibres.  The  true  enamel  fibres  probably  separate 
from  the  enamel  membrane,  coalesce  with  the  enamel  already  formed, 
and  at  the  same  time  become  impregnated  with  calcareous  salts.  The 
substantia  propria,  or  ivory  of  the  tooth,  is  formed  of  fibres,  between 
which  the  dental  tubuli  run.  The  pulp  of  the  tooth  at  its  surface 
consists  of  cylindrical  cells,  which  contain  nuclei  with  nucleoli.  The 
interior  of  the  pulp  is  composed  of  round  nucleated  cells.  Schwann 
conjectures  that  the  fibres  at  the  surface  of  the  pulp  are  in  successive 
layers  added  to  and  converted  into  the  growing  dental  substance, 
the  pulp  being  as  it  were  converted  into  cartilage,  and  then  ossified* 
If  this  be  the  case,  the  processes  of  chondrosis  and  ossification  must 
advance  by  successive  strata.  The  researches  of  Mr.  Owen  (Ann.^ 
des  Sc.  Nat.  1839,  Oct.  Odontography,  pt  i.)  and  those  of  Mr. 
Nasmyth  (Three  Memoirs  on  the  Development  and  Structure  of  the 
Teeth  and  Epithelium,  Liondon,  1841)  confirm  this  view. 

Class  IV. 

1.  Cellular  tissue. — In  the  development  of  cellular  tissue  there 
fijTst  appears  a  structureless  cytoblastema,  in  which  round  nucleated 
cells  are  subsequently  formed.(a)  These  cells  become  transformed 
into  spindle-shaped  bodies,  which  have  in  their  interior,  but  attached 
to  their  wall,  a  round  or  oval  nucleus,  while  this  nucleus  in  its  tura 
includes  one  or  two  dark  points  (nucleoli).  These  elongated  colls 
become  more  and  more  drawn  out  at  their  extremities,  and  give  off 
fibres,  which  are  sometimes  branched;  and  at  length  becomo  resolved 
at  each  end  into  a  fasciculus  of  extremely  delicate  fibrils.  The  division 
of  the  fibre-like  prolongations  of  thq  cells  into  more  minute  fibrils 
gradually  extends  towards  the  centre  of  the  cell,  so  that  at  a  later 
period  the  fasciculus  of  fibrils  proceeds  immediately  from  the  body 
of  the  cell.  Lastly,  the  division  into  fibrils  takes  place  even  in  the 
situation  of  the  nucleus  of  the  cell,  and  then  the  cell  becomes  wholly 
resolved  into  a  fasciculus  of  fibres,  upon  which  the  nucleus  lies.  The 
fibres  are  probably  tubular. 

The  cells  of  adipose  tissue  which  are  found  even  in  the  cellular 
tissue  of  the  foetus,  present  at  first  a  distinct  nucleus  attached  to  their 
membranous  wall.  When  the  wall  of  the  cell  is  thin,  the  nucleus 
forms  a  prominence  above  the  surface  of  the  fat  globule  contained 
in  the  cell.  When  the  wall  of  the  cell  is  thick,  the  nucleus  is  entirely 
included  in  its  thickness.  The  nucleus  contains  one  or  two  nucleoli. 
The  fat  cells  in  the  cranium  of  a  young  fish  (P15tze)  sometimes  have 
each  two  nuclei  which  bear  the  same  relation  to  the  membranous 
wall  of  the  cell.  In  the  cellular  tissue  of  the  foetus,  a  third  kind  of 
cells  is  met  with.  These  are  round  and  pale;  each  has  a  nucleus 
with  one  or  two  nucleoli'attached  to  its  wall;  they  do  not  become 
elongated  into  fibres,  contain  no  fat,  but  are  filled  with  granules;  and 
this  deposit  of  granules  is  first  formed  about  the  nucleus. 

The  cellular  tissue  of  the  foetus,  when  submitted  to  boiling,  yields 
no  gelatin;  but  in  its  place  a  substance  which  resembles  pyine, 
except  in  the  particular  that  the  turbidity  produced  in  the  solution 

(a)  See  note  to  page  113. 
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by  hydrochloric  acid  is  removed  by  the  addition  of  an  excess  of  the 
acid. 

2.  Jindinous  tissue. — The  fibres  of  tendinous  tissue  are  formed 
from  cells,  in  the  same  way  as  those  of  cellular  tissue. 
^  3.  Elastic  tissue. — The  middle  coat  of  the  arteries  in  embryo  pigs, 
six  inches  in  length,  contains  numerous  isolated  cells,  some  of  which 
are  globular,  and  some  have  an  oblong  form,  while  others  give  out 
two  or  more  branching  processes  of  various  length.  At  the  inner 
surface  of  the  wall  of  each  of  these  cells  lies  the  usual  nucleus  with 
one  or  two  nucleoli.  In  addition  to  the  cells  thus  variously  modified, 
fully  developed  elastic  tissue  is  also  present.  The  branching  fibres  of 
elastic  tissue,  which,  according  to  Purkinje,are  hollow  tubes,  appear 
to  be  formed  from  the  cells  just  described. 

Class  V. 

In  the  development  of  the  tissues  of  this  class  there  are  first 
formed  independent  cells,  which  are  either  round  or  cylindrical,  or 
have  a  stellate  form.  In  the  former  case  the  primary  cells  arrange 
themselves  in  longitudinal  series,  their  walls  coalesce  at  the  points  of 
contact,  and  the  septa  thus  formed  between  the  cavities  of  the  dif- 
ferent cells  are  subsequently  absorbed,  so  that  in  place  of  several 
primary  cells  one  secondary  cell  is  produced.  This  secondary  cell 
now  continues  to  grow  as  the  simple  cells  grow.  In  this  way  the 
fibres  of  muscles  and  nerves  appear  to  be  developed.  In  the  case  of 
the  stellate  primary  cells  the  radiating  processes  of  contiguous  cells 
unite,  and  their  walls  becoming  absorbed  at  the  points  of  union,  a 
network  of  communicating  canals  is  formed.  This  seems  to  be  the 
process  by  which  capillaries  are  developed. 

1.  Muscles, — ^Valentin  had  observed  that  the  primitive  fasciculi 
(fibres)  of  muscles  are  formed  by  granules  arranging  themselves  in  a 
linear  manner  and  coalescixig;  but  that  the  primitive  fibres  (fibrillae) 
are  produced  by  the  subsequent  division  of  the  primitive  bundle. 
Schwann  has  remarked  that  the  primitive  fasciculi  in  the  muscles  of 
a  fiBtal  pig,  measuring  3i  inches  in  length,  present  a  dark  border — 
and  a  middle,  more  transparent  part,  probably  a  cavity.  In  this 
more  transparent  part  he  perceived,  besides  some  small  granules,  a 
series  of  larger  oval  flat  bodies,  which  appeared  to  be  the  nuclei  of 
cells,  and  frequently  contained  one  or  two  smaller  corpusculcs, — 
their  nucleoli.  These  nuclei  lay  at  pretty  regular  distances  from 
each,  in  the  thickness  of  the  cylinder,  but  external  to  its  axis.  In 
mnscies  more  advanced  in  development,  the  primitive  fasciculi  pre- 
sent no  indication  of  a  cavity;  but  the  nuclei  remain  visible  for  a 
king  period,  frequently  producing  slight  prominences  on  the  surface 
of  the  cylinders.  According  to  recent  observations  of  Rosenthal  the 
nuclei  are  still  present  in  the  muscular  fibre  of  adult  animals.  The 
proper  substance  of  the  muscular  fibres  is  produced  by  a  deposit 
taking  place  within  the  tube.  The  structureless  sheath  of  the  primi- 
tive muscular  fasciculus,  which  I  observed  long  since  in  insects, 
appears  to  be  the  remains  of  the  tube  formed  by  the  united  walls  of 
the  primitive  cells. 
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According  to  the  late  observations  of  Valentin,*  there  are  first 
visible  m  the  blastema  of  mnscle  nuclei  with  nucleoli,  which  soon 
become  surrounded  by  extremely  delicate  cells.  These  cells  assume 
an  oblong  figure  and  arrange  themselves  in  linear  forms  like  fila- 
ments of  confervas.  On  the  inner  surface  of  the  membranous  walls 
of  the  tubes  or  secondary  cells  formed  by  the  coalescence  of  the 
primary  cells,  longitudinal  striae  or  fibres  are  deposited,  while  the 
septa  dividing  the  tube  into  compartments  are  absorbed.  The 
muscular  fasciculus  then  has  th^  form  of  a  tube,  with  proportionally 
thick  walls  which  are  composed  of  perfectly  transparent  longitudinal 
fibrils.  The  nuclei  of  the  primary  cells  are  contained  in  the  cavity 
of  the  tube. 

2.  Nerves. — Each  entire  nervous  fibre  is  to  be  regarded  as  a 
secondary  cell,  formed  by  the  coalescence  of  a  series  of  primary 
nucleated  cells.  Schwann  is  of  opinion  that  the  white  substance  of 
the  nervous  fibre,  which  forms  a  tube  around  Remakes  band-like 
axis  of  the  fibre,  or  the  cylindrical  axis  of  Purkinje,  is  a  secondary 
deposit  on  the  inner  surface  of  the  membranous  wall  of  the  secon- 
dary cell.  He  finds  that  the  white  substance  of  each  nervous  fibre 
is  invested  externally  by  a  peculiar  structureless  sheath  like  that  of 
the  primitive  muscular  fasciculi.  This  membranous  sheath  can  be 
distinguished  as  a  transparent  border  external  to  the  opaque  white 
substance  of  the  fibre.  Its  defined  outline  is  adverse,  Schwann 
remarks,  to  the  view  of  its  being  composed  of  cellular  tissue.  la 
perfectly  formed  nervous  fibres  Schwarm  sometimes  perceived  here 
and  there  at  the  side  of  the  fibre  a  nucleus  which  lay  included  in 
the  transparent  border  formed  by  the  membranous  sheath.  In  the 
grey  nervous  fibres  no  substance  is  formed. 

In  the  substance  of  the  brain  of  young  embryos  Valentin  observed 
cells  on  the  outer  surface  of  which  a  granular  mass  was  gradually 
deposited.  These  cells  subsequently  became  nuclei;  and  their  former 
nuclei  became  nucleoli;  while  the  granular  matter  deposited  around 
them  formed  the  mass  of  the  ganglionic  globules  which  were  thus 
developed.  Valentin  has  also  observed,  that,  after  the  development 
of  nervous  fibres,  nuclei,  elongated  fibre-cells,  and  fully  developed 
fibres  of  cellular  tissue  are  formed  around  them. 

Schwann's  discoveries  are  to  be  ranked  amongst  the  most  im- 
portant steps  by  which  the  science  of  physiology  has  ever  t>een 
advanced.  They  afford  the  basis  for  a  general  theory  of  vegetation 
and  organisation  which  it  had  hitherto  been  impossible  to  frame. 
Valuable  observations  had  been  made  in  all  parts  of  physiology,  and 
some  branches  of  the  science  had  been  brought  to  a  high  state  of 
perfection.  But  as  regards  the  fundamental  principles  on  which  all 
should  rest,  these  it  must  be  confessed  were  either  very  unstable  or 
entirely  wanting,  and  hence  the  slight  connection  which  seemed  to 
subsist  between  different  important  observations  in  parts  of  the 
science  which  were  far  advanced.  These  fundamental  principles 
are  now  attained.    Schwann  himself  has  pointed  out  with  equal 

•  Mailer's  Archiv.  1840,  p.  197. 


.* 


DJBTJBLOPMSRT  OV  THS  TISSUES. — BAABT's  OBSEBVATIOKS.      113 

lucidity  and  acnteness  the  general  conclusions  which  are  to  be  de- 
duced from  the  observations  of  Schleiden  and  himself,  and  has 
framed  from  them  a  theory  of  the  organisation  and  vegetation  of 
organised  beings.  It  is  not  possible  to  give  in  this  work  more  than 
the  principal  features  of  his  theory. 

There  is  one  common  mode  of  development  observed  in  the  forma- 
tion of  the  most  different  elementary  tissues  of  plants  and  animals, 
and  that  is  the  development  from  cells.  In  a  pre-existing  structure- 
less substance,  which  may  be  situated  either  within  or  on  the  exterior 
of  cells  already  formed,  new  cells  are  developed  in  a  manner  regu- 
lated by  determinate  laws,  and  these  new  cells  undergo  various 
modifications  and  transformations  by  which  they  are  converted  into 
the  elementary  organic  tissues.  In  every  tissue  the  new  cells  are 
formed  only  in  those  parts  to  which  new  nutritive  matter  has  direct 
access.  On  this  alone  depends  the  difference  subsisting  between  the 
vascular  and  non-vascular  tissues.  In  the  former,  the  nutritive  fluid, 
the  liquor  sanguinis,  is  distributed  through  every  part  of  the  tissues, 
and  hence  new  cells  are  formed  through  its  substance.(a)  In  the  non- 
vascular tissues,  on  the  contrary,  the  nutritive  fluid  has  access  to  one 
surface  only,  as  in  the  case  of  the  epidermis.  Hence  in  cartilages, 
also,  when  they  are  destitute  of  vessels  the  new  cells  are  formed 
only  at  their  surface,  or  to  a  slight  depth,  namely,  as  far  as  the 
liquor  sanguinis,  their  cytoblastema,  penetrates.  The  expression, 
growth  by  apposition,  is  correct,  when  understood  to  signify  the 
development  of  new  cells,  and  not  the  growth  of  those  already 
existing:  for  in  the  epidermis  new  cells  are  formed  only  at  the  in- 
ferior surface  of  the  membrane,  whilst  in  the  vascular  tissues  the 
new  cells  are  developed  in  the  whole  substance  of  the  tissue.  In 
both  cases,  however,  the  cells  themselves  grow  by  intus-susception. 
Cartilage  is  at  first  destitute  of  vessels,  and  the  new  cells  conse- 
quently are  formed  only  in  the  vicinity  of  the  external  surface.  But 
after  vessels  have  extended  into  the  medullary  canals,  the  formation 
of  new  cytoblastema  and  new  cells  can  proceed  not  only  on  the 
surface  of  the  bone  but  also  around  each  of  these  canals.  This 
explains  the  structure  of  the  cartilage  of  bone,  the  lamellae  of  which. 
are  concentric,  partly  around  the  whole  bone,  and  partly  around 
the  medullary  canals.  The  process  by  which  the  primary  cells  are 
fi>rmed  is  the  following.    The  cytoblastema,  which  is  at  first  struc- 

(a)  The  researehes  of  Dr.  M.  Barry,  on  the  corpuscles  of  blood,  (Phtloaophieal 
TVanmetioni^  1840  and  1841,}  carry  ua  a  step  farther  back  in  histogeny,  by  ren- 
daring  it  extremely  probable,  that  these  blood  corpoaclea,  or  globules  as  they  have 
been  not  very  accurately  termed,  are  the  nuclei  or  cytoblasts  of  the  primordial  cells 
fironi  which  all  the  tissues  ori^nate.  Dr.  Barry  says,  that  he  has  found  every 
tiane  hitherto  examined  by  him,  '*  to  arise  out  of  corpuscles  having  the  same 
appearance  as  the  corpuscles  of  the  blood.'*  This  remark  is  .intended  lo  apply  to 
AiikeMttm  and  Pigment  eells^  eapiUary  vestels;  the  elements  of,  respectively,  cellular 
fume,  tttfUlage^  mtuseuhr  tissue,  nervous  tissue,  erystalline  lens,  the  chorion,  ovulum^ 
s^matogooOf  and  ike  pus  globuk.  One  of  the  best  examples,  which  presented 
iladf  to  Dr.  Barrjr,  of  the  conversion  of  blood  corpuscles  into  organised  tiasae* 
was  in  the  formation  of  the  crystalline  lens.  He  believes,  also,  that  the  resem- 
Uanes  between  the  primordial  cells  of  the  cellular  tissue  and  the  corpuscles  of 
the  Uood  is  qnits  smr. 
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tureless  or  only  finely  granular,  presents  after  a  time  round  corpus* 
cules.  These  corpuscules  are  in  their  earliest  recognisable  condition 
the  nuclei  of  cells,  around  which  cells  are  subsequently  to  be  de- 
veloped. The  nucleus  is  granular,  and  may  be  either  solid  or 
hollow.  The  part  of  the  nucleus  first  formed  is  the  nucleolus. 
Around  this  there  is  deposited  a  layer  of  fine  granules.  The  nucleus 
thus  formed  increases  in  size,  and  then  the  cell  is  developed  around 
it  by  the  deposition  of  a  layer  of  substance  difierent  from  that  of  the 
surrounding  cytoblastema.  This  layer  has  at  first  no  defin^  outline; 
but  when  it  has  become  consolidated  into  a  membrane,  it  expands 
by  the  continued  addition  of  new  molecules  in  the  interstices  of  the 
old  ones.  It  thus  becomes  removed  from  the  surface  of  the  nucleus, 
which  remains  attached  to  one  point  of  the  wall  of  the  celL  This 
formation  of  the  cell  around  the  nucleus  is  only  a  repetition  on  a 
larger  scale  of  the  process  by  which  the  nucleus  was  formed  around 
the  nucleolus.  The  membranous  wall  of  the  cell  difilers  in  its  chemi- 
cal properties  in  different  kinds  of  cells,  and  even  in  the  same  cells 
it  varies  in  chemical  composition  at  different  periods  of  its  growth. 
Thus  the  walls  of  vegetable  cells,  when  first  formed,  are,  according 
to  Schleiden,  soluble  in  water,  which  is  not  the  case  with  the  cells 
which  are  perfectly  developed.  The  matter  contained  in  the  cells 
varies  in  a  still  greater  degree;  for  example,  it  is  in  one  case  fat,  in 
another  pigment.  In  a  cell  which  is  at  first  perfectly  transparent  a 
granular  deposit  may  gradually  appear,  its  formation  commencing 
around  the  nucleus;  or,  on  the  other  hand,  a  granular  deposit  con- 
tained in  a  cell  may  be  gradually  dissolved. (a) 

(a)  The  different  ways  in  which  the  Tnetamorphosis  of  granular  nuclei  takes 
place,  are  well  expressed  by  Valentin.— »^a^ner*«  Phynology^  p.  214 — 31. 

I.  The  nuclei  with  their  nucleoli,  which  at  an  earlier  stage  are  free,  surround 
themselves  with  a  dear  cell,  which,  however,  soon  dissolves,  so  that  the  nnclei 
swim  about  as  characteristic  corpuscles  in  the  fluid,  and  as  such  advance  in 
their  individual  development.  In  the  normal  orgasm,  this  is  what  happens  in 
regard  to  the  blood,  and  probably  also  to  the  lymph.  The  blood-globules  are  not 
cells,  but  nuclei.    These  nuclei  are  in  fact  nucleoli. 

II.  The  nuclei  surround  themselves  with  cells  which  are  permanent,  but  varioat 
metamorphoses  of  both  the  nuclei  and  cells  ensue,  according  to  the  individnal 
character  of  the  tissues  and  the  parts  which  they  go  to  compose. 

III.  The  cells  exhibit  metamorphoses,  which  in  point  of  form  are  in  all  respects 
analogous  to  those  observed  during  the  formation  of  the  wood,  and  indeed  of  the 
pores  in  plants. 

IV.  The  cellular  element  is  extremely  distinct  in  the  earliest  periods  of  its 
formation,  but  a  secondary  product  obscures  it,  or  even  causes  it  to  disappear 
entirely,  as  in  the  development  of  adipose  tissue  or  globules  of  fat  in  a  transparent 
cell. 

V.  The  nuclei  surround  themselves  with  extremely  delicate  cells,  and  about 
these  a  peculiar  substance  is  deposited,  which  in  its  capacity  of  rapid  growth, 
soon  forms  the  larger  portion  of  the  tissue,  and  in  which,  as  in  all  other  intercel- 
lular masses,  new  nuclei  and  cells  may  be  produced.  Examples  of  this  are  fur- 
nished in  the  impoud  globuU»  of  the  central  and  peripheral  portiom  of  the  nervoue 
eytiem.  The  process  of  development  here  is  best  observed  in  the  grey  substanoe 
of  the  superficies  of  the  hemispheres. 

VI.  The  cells  exhibit  a  very  high  degree  of  productive  or  procreative  power. 
New  nuclei  are  perpetually  arising  within  them,  and  theae  surrounding  themselTes 
with  cells,  we  have  finally  cell  within  cell,  like  a  nest  of  pill  boxes;  sbondanoe  <if 
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CHEMICAL  COMPOSITION  OF  THE  ORGANISED  TISSUES. 

1.  Tissues  with  an  albuminous  base,  (a) — To  which  belong  the 
brain  and  nerves,  the  muscles,  glands,  and  mucous  membranes. 

These  tissues  yield  no  gelatin  by  boiling,  which  moreover  pro- 
duces little  change  in  them;  the  cellular  tissue  which  enters  into 
their  composition  can  alone  be  converted  into  gelatin.  The  ditl'erent 
modifications  of  albuminous  bodies  are  not,  at  present,  well  under- 
stood. We  are  acquainted  with  albumen  only  iti  the  more  restricted 
sense,  and  with  fibrin;  and  the  properties  of  these  substances  have 
been  described  in  the  chapter  on  the  chemical  analysis  of  the  blood. 
The  ferrocyanide  of  potassium  throws  down  a  precipitate  from  the 
acetic  acid  solution  of  albuminous  bodies,  by  which  character  these 
are  distinguished  from  the  following. 

2.  Tissues  which  yield  gelatin  by  boiling. — To  these  belong, — 
1,  the  cellular  tissue;  2,  serous  membranes;  3,  tendinous  tissue;  4, 
skin;  5,  one  kind  of  contractile  tissue;  6,  cartilage;  7,  bone;  and,  8, 
elastic  tissue  including  arterial  tissue.  The  animal  matter  which 
forms  their  basis  either  dissolves  wholly  into  gelatin,  or  they  con- 
tinue to  yield  this  substance  for  some  time  when  submitted  to  long 
boiling.  Some  tissues,  such  as  cellular  and  serous  membranes,  and 
bone,  even  after  a  few  hours'  boiling,  yield  a  large  quantity  of  gela- 
tin; others,  as  cartilage  and  skin,  yield  but  little  of  this  substance 
even  after  fifteen  or  eighteen  hours'  boiling;  while  several  days  are 
required  to  extract  it  in  small  quantity  from  other  textures,  such  as 
elastic  tissues.  The  ferrocyanide  of  potassium  produces  no  precipi- 
tate in  the  acid  solution  of  these  textures  which  yield  gelatin. 

The  cellular  tissue,  the  contractile  tissue  of  the  tunica  dartos,  the 
tissue  of  the  serous  membranes,  the  tendinous  or  fibrous  tissue,  and 
the  tissue  which  forms  the  basis  of  the  skin,  yield  the  common  gelatin 

intercellalar  subBtance  is  at  the  same  time  deposited  betwixt  the  parietes  of  the 
obIIs,  and  these  two  elements  blended  togfether  compose  the  elementary  mass,  the 
eells  with  their  products  the  nuclei  and  nucleoli,  the  proper  and  peculiar  cor- 
puscles. Cartilage  is  formed  in  this  way;  and  cartilage-corpuscles  pass  immedi- 
itely  into  bone^orpusclesf  clear  first,  they  become  more  opaque  by  degrees. 

Yll.  The  cells  are  tesselated  or  spread  out  into  a  membrani,  in  the  manner  of  a 
piece  of  paTement;  then  granular  nuclei  lie  in  the  middle.  The  parietes  of  the 
cells  blend  into  a  transparent  simple  membrane,  whilst  the  nuclei  are  more  and 
more  absorbed,  becoming  constantly  paler,  until  at  length  they  are  no  longer 
recognisable.  To  this  arrangement  may  be  referred  the  hyaloid  membrane  and  the 
inner  membrane  tjf  the  blood^veaseU. 

VIII.  The  cells  and  the  nuclei  arrange  themselves  in  longitudinal  lines;  the  celU 
villi  coalesce  in  lines,  and  at  the  cost  of  nuclei,  form  themselves  into  fibres.  It  is 
thni  that  the  cellular  membrane^  the  elastic  tissue,  muscular  tissue,  fibres  of  the  crys" 
ittlUne  lens,  and  primary  nervous  fibre  are  formed. 

The  universal  primitive  form  of  every  tissue  is  therefore  the  cell,  which  itself 
11  preceded  by  the  nucleus  as  mediate,  and  the  nucleolus  as  immediate  products  of 
the  formative  power.  Cells  and  nuclei  seem  to  stand  in  mutual  and  relative  oppo- 
sition, BO  that  generally,  perhaps  invariably,  the  one  is  evolved  at  the  expense  of 
the  other.  After  these  transitive  stadia  are  accomplished,  the  tissue  attains  indi« 
riduality  according  to  general  character  and  the  place  it  occupies  in  the  system. 

(a)  Regarding,  as  we  may  now  do,  albumen  and  fibrin  as  modifications  of  the 
nme  principle,  the  term  albuminous  will  serve  to  include  the  tissue  hitherto  spoken 
of  is/fcrifiMit,  Til.  the  muscular. 
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or  glue,  colla,  which  is  precipitated  by  tannin,  chlorine,  corrosive 
sublimate,  and  alcohol;  but  not  by  alum,  acetic  acid,  acetate  of  lead, 
and  sulphate  of  alumen.  The  precipitate  thrown  down  by  alcohol 
is  again  soluble  in  hot  water. 

The  peculiar  substance  which  I  have  described  as  the  base  of  the 
permanent  cartilages,  agrees  in  many  points  with  the  ordinary 
gelatin,  but  differs  from  it  in  the  following  particulars.  It  is  precipi- 
tated by  alum,  sulphate  of  alumen,  acetic  add,  and  acetate  of  lead. 
The  precipitate  produced  by  alum  is  redissolved  on  the  addition  of 
an  excess  of  the  reagent;  that  thrown  down  by  acetic  acid  is  not  re- 
dissolved  by  the  addition  of  more  acid.  Casein  is  likewise  precipi- 
tated by  the  same  reagents  as  the  gelatin  of  cartilage  or  chondrm; 
but  casein  does  not  form  a  gelatinous  mass  when  its  solution  cools, 
and  when  thrown  down  by  alum,  it  cannot  be  redissolved  by  an 
excess  of  that  substance,  while  the  precipitate  which  acetic  acid  pro- 
duces is  redissolved  on  the  addition  of  more  acid. 

The  cartilages  are  divisible  into  four  classes: 

a.  Cartilages  containing  peculiar  corpuscules, — The  greater 
number  of  the  permanent  cartilages,  and  also  the  cartilage  of  bone 
before  ossification,  are  composed  of  a  semi-transparent,  indistinctly 
fibrous  tissue,  containing  in  its  substance  numerous  microscopic  cor- 
puscules generally  of  a  fattened  form,  in  the  interior  of  which  again 
there  is  often  a  nucleus  or  several  granules.  All  the  cartilages  of 
this  kind,  namely,  the  costal  cartilages,  the  majority  of  the  cartilages 
of  the  larynx,  those  of  the  trachea,  of  the  nose,  and  of  the  Eustachian 
tube,  the  articular  cartilages,  and  the  cartilage  of  bone  before  ossifi- 
cation, yield  by  boiling,  according  to  my  observation,  the  substance 
which  I  have  named  Chondrinj  in  place  of  the  ordinary  gelatin. 

b.  ChondrinoKS  fibro-cartilage, — The  cornea  consists  of  three 
layers  besides  the  delicate  layer  of  epithelium  which  invests  its  free 
surface.  The  most  superficial  layer  is  rendered  by  hot  water  imme- 
diately of  a  snowy-white  colour;  the  most  internal  laniina  is  the 
aqueous  membrane,  which  is  attached  to  the  lamina  jfusca  of  the 
sclerotica;  the  middle  layer,  which  constitutes  the  chief  substance  of 
the  cornea,  is  formed  of  an  interlacement  of  bundles  of  bright  fibres 
without  any  intermixture  of  corpuscules.  This  is,  according  to  my 
observation,  reduced  wholly  to  chondrin  by  boiling. 

c.  Spongy  cartilages;  their  structure  was  discovered  by  Miescher. 
The  cartilages  of  this  kind  are  the  yellowish  cartilages  of  the  exter- 
nal ear,  the  epiglottis,  and  the  cartilagines  Santorinii  et  Wrisbergii 
of  the  larynx.  They  are  yellow,  and  contain  none  of  the  corpuscules 
of  Purkinje,  but  are  throughout  of  a  spongy  texture,  having  large 
cells.  After  being  submitted  to  boilfng  during  several  days,  they 
yield  an  extract  in  extremely  small  quantity,  which  does  not  form 
a  jelly,  but  the  chemical  properties  of  which  agree  with  those  of 
chondrin;  while  the  preceding  cartilages  dissolve  within  the  space 
of  fifteen  or  twenty  hours  into  a  chondrin  which  gelatinises  on 
cooling. 

d.  Ligamentous  cartilages. — These  are  interarticular  cartilages, 
the  intervertebral  cartilages,  the  cartilages  of  symphyses.    The  sab- 
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Stance  nrhich  they  yield  by  boiling  is  not  chondrin,  but  gelatin  en- 
tirely similar  to  that  of  tendons.  They  are  constituted  wholly  of 
fibres,  and  contain  none  of  the  corpuscules  of  the  first  kind  of  carti- 
lages. The  tarsal  cartilages  of  the  eyelids,  which  are  likewise 
fibrouR,  have  not  at  present  been  examined  with  reference  to  their 
chemical  composition. 

The  animal  matter  or  cartilage  of  bone  is  composed  of  gelatin.  It 
18  remarkable  that  the  cartilage  of  bone  before  ossification  yields  only 
chondrin  when  boiled,  but  after  ossification  it  affords  the  ordinary 
gelatin;  at  least  such  is  the  result  of  my  observations.  And  even  when 
the  permanent  cartilages,  those  of  the  larynx,  for  example,  undergo 
ossification  as  the  result  of  abnormal  action,  the  ossified  portion  con- 
tains ordinary  gelatin  in  place  of  chondrin.  Bones  which  are  affected 
with  tnoUities  ossium  contain,  by  no  means,  a  larger  quantity  of 
gelatin,  but  an  extraordinary  quantity  of  fatty  matter. 

Elastic  tissue  is  yellow,  and  preserves  its  property  of  elasticity 
for  any  length  of  time  in  alcohol,  and  it  is  not  deprived  of  it  even  by 
several  days'  boiling.  It  yields  very  little  gelatin,  and  that  not  until 
after  several  days'  boiling.  The  gelatin  has  peculiar  characters;  it 
cannot,  therefore,  be  derived  from  the  cellular  membrane  which  is 
inclosed  in  the  elastic  tissue.  It  bears  a  great  resemblance  to  ^  chon- 
drin," but  yet  is  not  identical  with  it.  The  solution  of  the  gelatin  of 
elastic  tissue  is  rendered  very  turbid  by  acetate  of  lead  and  acetic 
acid,  and  is  precipitated  by  common  alum  and  by  sulphate  of  alumen; 
but  the  sulphate  of  the  peroxide  of  iron  renders  it  opaline  merely, 
without  throwing  down  any  precipitate. 


CHAPTER  II. 

BEOENERATION  OF  TISSUES. 

Regeneration  of  the  different  tissues  is  observed  under  two  forms; 
in  one  unaccompanied  by  inflammatory  action,  in  the  other  com- 
bined with  inflammation. 

Inflammation,  however,  must  in  no  case  be  regarded  as  the  sole 
cause  of  regeneration.  In  man  and  the  Mammalia  the  two  pro- 
cesses often  go  on  simultaneously,  and  regeneration  is  frequently 
excited  by  inflammation.  But  still  they  are  essentially  different 
actions;  the  one  is  the  manifestation  of  the  vis  medicatrix  na- 
turae; the  other  an  abnormal  result  of  some  lesion,  and,  accord- 
ing to  circumstances,  it  may  have  an  injurious  as  well  as  a 
beneficial  tendency.  That  the  regenerative  process  is  independent 
of  inflammation  is  very  evident  in  reptiles;  for  in  snakes  large 
wounds  with  loss  of  substance  are  healed  without  any  suppurative 
action;  the  surface  of  the  wound  becomes  covered  with  a  crust, 
under  which  new  substance  is  formed.  This  I  have  myself  ob- 
served, and  the  same  thing  is  said  to  occur  frequently  in  birds.  In 
salaouLDders  and  in  the  lower  animals,  whole  limbs,  as  we  have 
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seen,  are  reprodaced  without  any  attending  suppuration^  and  no  one 
can  suppose  that  inflammation  is  in  these  cases  essential  to  the  re- 
production. In  the  human  subject  and  in  Mammalia,  however, 
inflammatory  action  and  the  regenerative  process  run  on  together, 
at  least,  in  open  wounds,  and  the  inflammation  continues  until  the 
part  is  healed.  It  is  this  circumstance  which  has  induced  the  false 
conclusion  that  inflammation  consists  in  the  exaltation  of  a  vital 
process.  Even  in  the  higher  animals,  however,  there  are  some 
instances  of  regeneration  taking  place  without  its  being  attended 
with  a  trace  of  inflammatory  action,  such  are  the  reproduction  of 
the  antlers  of  stags,  of  hairs,  nails,  &c. 

1.  Regeneration  unaccompanied  by  inflammation. 

a.  Organised  tissues  which,  having  lost  their  organisation,  art 
reproduced, — Of  these  we  have  examples  in  the  shell  of  the  Crus- 
tacea, the  antlers  of  the  deer,  and  the  organised  bulbs  of  feathers 
and  spines. 

TTie  shell  of  the  crab  is  renewed  every  year  when  the  develop- 
ment of  the  internal  organs  renders  the  size  of  the  old  shell  inade- 
Suate.  The  shell  becomes  cleft,  and  is  thrown  off  in  August, 
isclosing  a  new  one  already  formed  beneath  it;  which,  however,  is 
at  first  soil  and  endued  with  sensibility,  and  even  contains  vessels, 
although  it  soon  becomes  hardened  by  the  deposition  in  it  of  car- 
bonate of  Hme.*  At  the  time  of  the  change  of  the  shell,  chalky 
concretions — lapides  cancrorum — are  formed  on  each  side  of  the 
stomach,  and  disappear  as  sooaas  the  new  shell  is  hardened.  The 
stomach  of  the  crab  is  said  to  renew  its  epithelium. 

The  antlers  of  the  deer,  and  of  similar  animals,  have  more 
analogy  with  the  organised  matrix  of  the  horns  of  ruminating  ani- 
mals than  with  the  horns  themselves.  The  base  of  the  antler  rests 
on  the  tubercle  of  the  frontal  bone,  a  bony  jagged  enlargement 
marking  their  point  of  junction.  The  males  throw  off  the  antler, 
not  at  the  rutting  season,  (autumn,)  but  in  the  spring,  and  new 
antlers  are  then  developed.  The  separation  of  the  old  antler  is 
effected  by  a  kind  of  softening  of  the  organised  bony  substance  of 
the  tubercle  of  the  frontal  bone,  at  the  point  of  its  junction  with  the 
antler;  and  the  rough  surface  of  the  tubercle  that  is  left  is  soon 
covered  again  by  skin.  The  new  antler  now  begins  to  rise  from  the 
frontal  process,  dovered  by  skin  and  periosteum;  it  is  at  first  soft 
and  cartilaginous,  and  traversed  by  innumerable  vessels.  While  the 
cartilaginous  mass  becomes  ossified,— presenting  a  repetition  of  the 
process  which  takes  place  in  the  foBtus  and  young  animal, — the  peri- 
osteum and  cutaneous  covering  of  the  antler  lose  their  vitality  and 
drop  off;  after  castration  young  stags  acquire  no  antlers,  and  those 
of  old  stags  are  not  changed.! 

In  the  same  way  the  organised  bulbs  of  the  hair  and  spines  in 
Mammalia,  and  of  feathers  in  birds,  have  their  alternate  periods  of 

*  Gavier,  Anat  Compart. 

f  CoTier,  Anat  Compar6e.    Barthold,  Beitrage  lur  Anat.  Zool.  and  PbyaioL 
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wasting  and  turgescence;  and  hence  the  casting  of  the  coat  of  Mam- 
malia^  and  the  moulting  of  birds,  during  which  the  hairs  and  feathers 
fail  off  and  new  ones  are  produced.  The  reproduction  of  hairs  and 
feathers,  howeveri  so  far  differs  from  that  of  antlers,  that  in  the  iiair 
it  is  merely  the  matrix,  which  corresponds  to  the  organised  antlers, 
while  the  shrunken  and  dry  remains  of  the  pulp  in  the  quill  may  be 
compared  to  the  hardened  antlers  which  have  lost  their  vitality. 
The  horny  substance  of  the  hairs  and  feathers  is  secreted  by  the 
matrix,  and  the  only  part  of  the  antler  analogous  to  it  is  the  cuticle. 
The  reproduction  of  these  parts  must,  therefore,  be  considered  apart 
from  that  of  the  antlers. 

d.  Unorganised  textures  which  are  reproduced  by  the  regeneration 
qf  their  matrix;  such  are  the  horny  structures,  the  teeth,  and 
the  crystalline  lens. 

1.  7%e  homy  structures. — The  nails,  it  is  well  known,  are  repro- 
daced  if  their  matrix  is  not  destroyed;  but  the  commencing  forma- 
tion of  a  nail  ha;  been  observed,  even  on  the  middle  phalanx  of  an 
amputated  finger.* 

The  shedding  of  the  coats  of  mammiferous  animals  has  been 
investigated  by  Heusinger.t  He  plucked  out  a  whisker  hair  of  a 
dog,  and  found,  five  days  afterwards,  that  a  new  hair,  more  than 
two  millimeters  in  length,  had  been  formed.  During  the  casting  of 
the  coat  the  bulbs  of  the  old  hair  became  pale,  and  by  the  side  of 
each  a  small  black  globular  body  is  formed,  which  is  developed  into 
the  new  hair.  This  is  a  very  interesting  fact:  the  matrix  of  the  new 
hair  is  not  the  old  pulp,  but  seems  to  be  a  new  sprout  from  the  pro- 
ductive base  of  the  follicle.  The  spines  ^of  the  hedgehog,  &c.)  are 
said  to  be  reproduced  in  the  same  moae.  During  moulting,  the 
cuticle  on  the  bill  of  birds  and  other  parts  is  cast  off  in  the  form  of 
plates  or  of  branny  particles.  The  bulb  of  the  new  feather  is 
already  formed  before  the  old  feather  falls  out.]: 

Several  writer8§  assert,  as  the  result  of  experiment,  that  hairs 
plucked  from  their  follicles,  and  inserted  into  punctures  of  the  skin, 
will  take  root  and  grow.  This  statement  appears  to  me,  however, 
to  require  further  confirmation.  The  interior  of  the  bulb  of  the  hair 
being  organised,  a  union  of  it  with  other  parts  of  the  skin  besides 
the  Hindus  of  the  hair  follicle,  may  certainly  be  supposed  to  be  pos- 
nble;  but  how  easily  may  the  experimenter  be  deceived  in  this 
observation! 

2.  The  teeth. — The  crown  of  the  tooth  being  unorganised,  and 
consequently  incapable  of  growth,  so  as  to  correspond  with  the 

*  Blamenbaoh,  Instit  Physiol,  p.  511.    Dr.  Elliotson't  Physiology,  p.  249. 

f  Meckel's  ArehiT.  538. 

j:  See  A.  Meckel,  Reil's  Archiv.  13.  Eble,  loc.  cit.  Burdach,  Physiol.  Bd. 
iiL5S4. 

i  Dxondi,  Beitnige  sur  Yenrolkom  der  Heilkonde.  Halle,  1816.  Dieflenbach, 
De  legenerat*  et  transplant.  Herbip.  1823.  Wiesemann,  De  coalitu  partium  a 
raUqao  corpore  proisns  disjunct.    Lips.  1834. 
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increased  size  of  the  jaw-bones,  the  formation  of  new  teeth  becomes 
necessary.  The  permanent  teeth  begin  to  appear  about  the  sixth  or 
seventh  year,  but  their  crowns  are  formed  at  a  very  early  period. 
Of  the  twenty  temporary  or  milk-teeth,  eight  only  are  molares;  the 
permanent  teeth  are  thirty-two  in  number,  and  of  these  twenty  are 
molares,  or  twelve  true  molares,  and  eight  bicuspides. 

The  dental  substance  of  the  first  great  molaris  of  the  second  set 
begins  to  be  deposited  towards  the  end  of  pregnancy.  The  sockets 
of  the  new  teeth  are  gradually  separated  from  those  of  the  old,  but 
the  two  cavities  always  communicate  by  a  considerable  opening 
through  which  the  common  portion  of  the  external  layers  of  the  sacs 
passes.  The  change  of  the  teeth  commences  about  the  sixth  or 
seventh  year.  The  first  great  molaris  is  the  first  of  the  second  set 
which  appears,  then  follow  the  incisors  and  canine  teeth,  the  penalti- 
mate  molaris  not  till  the  thirteenth  or  fourteenth  year,  and  the  last 
molar  between  the  sixteenth  and  twentieth  year.  The  roots  of  the 
milk-teeth  are  absorbed  before  they  fall  out. 

It  has  been  frequently  asserted  that  if  the  teeth  of  an  animal,  after 
being  drawn,  are  re-inserted  into  their  sockets,  they  will  again  take 
firm  root.  This  appears  to  me  very  questionable.  If  a  real  organic 
union  takes  place  in  these  experiments,  it  must  be  by  the  lacerated 
vessels  of  the  pulp  of  the  tooth  uniting  again  with  the  vessels  at  the 
bottom  of  the  socket.  It  is  an  interesting  point  which  ought  to  be 
more  accurately  determined.  A  sure  way  of  deciding  the  question 
would  be,  to  feed  animals,  in  which  the  teeth  had  been  recently  trans- 
planted, with  madder.  If  any  vascular  connection  had  been  formed, 
the  innermost  layer  of  the  tooth  towards  the  pulp  would  be  coloured 
red.  The  teeth  not  being  organised,  fissures  in  them,  of  course,  can- 
not be  closed  by  the  reproduction  of  new  dental  substance;  they  can, 
at  most,  be  filled  with  crusta  peirasOy  or  tartar  from  the  salts  of  the 
saliva.  In  serpents  new  poison-fangs  are  being  constantly  repro- 
duced. The  new  teeth  of  the  crocodile  press  forwards  into  tlie 
conical  cavities  of  the  old  teeth,  the  posterior  wall  of  which  becomes 
absorbed.  . 

3.  The  crystalline  lens. — It  would  appear  that,  in  certain  cases 
where  the  lens  has  been  removed^  it  is  reproduced  by  the  capsules- 
its  matrix.  Leroy  d'Etioie  has  observed  this.*  In  the  first  case, 
thirteen  days  had  elapsed  since  the  extraction  of  the  lens  when  the 
eye  was  examined;  in  the  second  case,  thirty-three  days;  in  the  third,  ' 
thirty-nine  days;  in  the  fourth,  thirty-one  days;  in  the  fifth,  forty-six 
days;  and  in  the  sixth,  one  hundred  and  sixty-five  days.  The  ex- 
periments were  made  on  rabbits,  cats,  and  dogs.  The  contents  of 
the  capsule  were  either  a  crumbly  mass,  as  in  the  second  case;  or  a 
small  lenticular  body,  as  in  most  of  the  other  cases;  but  iu  the  sixth 
case  a  full-sized  lens  was  found.t 

*  Magendie*8  Joarn.  de  Physiol.  1837,  80. 

t  See  Mayer,  Graefe  in  Walthefs  Joarn.  z?ii.  1.  Vrolik,  ibid,  xriii.  4.  W. 
Soemmering,  Boebachtunffen  iiber  die  organ*  Verandernngen  im  Aage,  oaeh 
Siaaroperationen.    Frankfurt,  1828. 
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2.  Regeneration  accompanied  by  inflammation. 

Almost  all  cases  of  the  regeneration  of  parts  of  the  human  bod^ 
which  retain  their  organisation,  are  of  this  kind,  if  we  except  the 
bulbs  of  the  hair  and  teeth,  which  are  reproduced,  and  even  occur 
as  morbid  products  in  the  ovaries  and  other  parts.  In  the  latter  case 
the  hairs  and  teeth  are  formed  in  the  same  way  as  in  their  natural 
situation:  the  teeth  have  their  covering  of  enamel^  and  are  formed  in 
follicles.* 

a.  Segeneration  which  is  accompanied  by  inflammation  attended 

with  exudation  of  lymph. 

If  the  part,  the  subject  of  inflammation,  has  a  free  surface,  whether 
(here  be  a  wound  or  not,  an  exudation  of  a  coagulable  fluid, ~the 
liquor  sanguinis, — takes  place.  If  it  has  no  free  surface,  the  coagula- 
ble matter  accumulates  in  the  capillaries  and  in  the  texture  of  the 
part,  and  produces  thickenmg  and  hardening.  The  matter  effused 
in  wonnds,  and  on  free  surfaces  of  inflamed  parts,  is  at  first  fluid;  its 
first  appearance  on  the  surface  of  inflamed  membranes  being  in  the 
form  of  drops:  it  is  then  transparent,  but  it  gradually  becomes  milky 
and  consistent.  It  consists  of  the  fibrin  which  was  in  a  state  of 
solution  in  the  blood.  While  the  exuded  matter  is  still  in  the  fluid 
ttate^  an  impulse  towards  organisation  seems  to  arise  in  it,  by  virtue 
of  a  vital  property  of  the  fibrin;  and  by  the  affinity  and  reciprocal 
action  of  the  effused  matter  with  the  inflamed  surface,  organisation 
ensues.  New  vessels  are  formed  in  the  exuded  matter.  ITie  different 
modes  in  which  their  formation  has  been  described  or  supposed  to 
take  place,  and  the  recent  observations  of  Schwann,  have  been 
detailed.  One  of  the  earliest  steps  in  the  organisation  of  false  mem- 
branes is  the  formation  of  cells  which  become  elongated  and  trans- 
formed into  fibres  of  cellular  tissue. 

The  organisation  of  the  pseudo-membranes  produced  by  exudation 
is  not  universal;  those  effused  on  mucous  membranes,— for  example^ 
in  croup, — generally  do  not,  those  on  serous  membranes  usually  do 
become  organised.  The  organisation  of  effused  lymph  in  very 
many  cases  cannot  be  doubted  by  any  one  who  has  seen  the  beau- 
tifully injected  preparations  in  Schroeder  van  der  Kolk's  museum  at 
Utrecht,  in  which  the  arteries  and  veins  of  false  membranes,  on  dif- 
ferent parts  of  the  liver  and  intestines,  and  of  those  between  the 
pleura  costalis  and  pulmonalis,  are  seen  injected  with  different- 
ooloured  matters.  Lymphatics,  too,  are  formed  in  the  new  mem- 
branes, as  is  proved  by  several  of  Schroeder's  preparations;  in  Which, 
by  the  sides  of  arteries  and  veins,  I  saw  lymphatics  filled  with  mer- 
cury. 

The  formation  of  new  vessels  between  the  portions  of  an  arterial 
trunk  above  and  below  a  ligature,  or  at  the  point  where  it  has  been 
divided,  is  remarkable.  It  has  been  observed,  and  very  similarly 
described  by  Maunois,  Parry,  and  Mayer.  The  fact  cannot  be 
doubted,  particularly  since  Ebel's  repeated  experiments  and  excel- 

*  Meckel's  Aichiv.  i.  519. 
11 
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lent  drawings  were  published.*  The  new  communication  is  effected 
by  means  of  several  vessels  passings  sometimes  in  a  serpentme  course, 
between  the  two  portions  of  the  divided  vessel — for  instance,  of  the 
common  carotid.  In  explaining  this  phenomenon,  the  fact  has  been 
overlooked,  that  in  other  animals  than  man  the  common  carotid 
gives  off  several  very  small  twigs  to  the  muscles  of  the  neck;  so  that 
the  vessels  supposed  to  be  newly  formed  are  probably  merely  en- 
larged  capillaries. 

All  organised  parts  will  reunite,  when  divided,  if  the  surfaces  are 
brought  in  contact  while  they  are  in  the  state  of  adhesive  inflamma* 
tion;  the  divided  ends  of  nerves  will  unite  with  nerves,  or  even  with 
muscle,  periosteum,  or  aponeuroses:  and  pafts  even,  which  have 
been  quite  separated  from  the  body,  will  unite  when  accurately  ap- 
plied to  the  surface  of  fresh  wounds,  whether  of  parts  of  similar  or 
of  different  structure;  but  the  inflammation  in  those  parts  must  not 
exceed  the  stage  of  the  effusion  of  lymph.  This  reunion  of  organised 
parts  which  have  been  completely  separated  from  the  body  is  certainly 
extremely  rare,  but  its  occurrence  cannot  be  doubted.  Buenger's 
remarkable  case  of  the  formation  of  a  new  nose  from  a  piece  of  skia 
taken  from  the  thigh  is  an  instance  of  it.  All  the  cases,  however,  sup- 
posed to  be  instances  of  this  phenomenon,  are  not  equally  satisfactory. 
We  can  scarcely  believe  that  in  Hunter's  experiment  of  the  trans- 
planting of  a  tooth  of  a  dog  into  the  comb  of  a  cock,  a  real  vascular 
union  took  place.  In  another  experiment  Hunter  transplanted  a 
gland  taken  from  the  abdomen  of  a  cock  to  a  similar  situation  of  a 
hen;  he  also  transplanted  the  spur  of  a  cock;  in  both  cases  the  re- 
moved part  is  said  to  have  united  in  its  new  situation.  Abemethyt 
has  described  these  and  other  cases;  Baronio  has  made  similar 
experiments4  Merrem,  and  my  illustrious  teacher  V.  Walther, 
assert  that  the  portion  of  the  bone  removed  by  the  trephine  will 
reunite. 

The  reunion  of  portions  of  skin  only  partly  separated  from  the 
body  with  other  parts,  is  known  to  be  effected  very  readily, — for 
instance,  in  the  case  of  the  formation  of  a  new  nose  from  the  skin  of 
the  forehead,  and  in  other  similar  surgical  operations.  When  the 
skin  has  united  in  its  new  situation,  the  narrow  portion  by  which  it 
was  left  connected  with  the  body  may  be  divided.  The  union  of 
two  parts  in  which  inflammation  has  been  excited,  is  a  very  general 
phenomenon  in  organised  bodies,  and  is  taken  advantage  of  in  sur- 
gery for  the  removal  of  solutions  of  continuity,  and  as  a  means  of 
putting  a  stop  to  certain  secretions.  By  this  process  the  foetus  may 
become  united  with  the  membranes  of  the  ovum,  or  two  foetuses 
may  become  united  together.  A  very  remarkable  law  prevails  iu 
the  union  of  embryos.  Almost  without  exception,  it  is  the  corre- 
sponding parts  of  the  two  embryos  that  become  not  simply  attached 
to  each  other,  but  as  it  were  fused  together;  the  symmetrical  parts 
of  the  one  embryo,  indeed,  separate  from  each  other  at  the  point  of 

*  Ebel,  De  Natara  medicatrice,  sieubi  ArteriaB  TolneratK  et  1Igat»  fnerint. 
Giessin,  1836. 
t  Physioloi^cal  Lectures,  S53.  %  Fioriep's  Not  iv.  5K5. 
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iDflamed  in  consequence  of  the  injury  received  at  the  time  of  the 
jQracture. 

The  only  way  in  which  the  periosteum  aids  in  the  formation  of 
the  true  callus,  is  by  furnishing  to  the  bone  beneath  it  the  vessels 
which  are  necessary  to  the  formative  and  nutritive  processes,  of 
which  it  is  the  seat.  But  the  formation  of  special  tissues  requires, 
as  we  have  already  remarked,  some  other  conditions  besides  the  pre- 
sence of  vessels  supplying  new  nutritive  matter.^ 

The  circumstance  of  ossification  commencing  in  the  callus  close  to 
the  surface  of  the  bone,  and  its  extension  from  this  point,  show  that 
the  presence  of  bone  is  here  necessary  for  the  production  of  new 
osseous  substance.t 

The  serous  membranes  are  of  all  textures  the  most  prone  to  the 
effusions  of  the  liquor  sanguinis  of  the  blood:  the  reason  of  this  is, 
perhaps,  that  they  possess  the  least  proper  assimilating  tissue. 
Adhesions  are,  therefore,  most  frequent  in  serous  sacs.  Whether 
new  synovial  membranes  are  formed  in  the  new  articular  cavities 
developed  around  the  heads  of  bone  which  have  remained  long  dis- 
located, is  at  present  uncertain,  although  Meckel,  perhaps  too  posi- 
tively, asserts  such  to  be  the  case.  The  synovia  of  a  new  joint  may 
be  derived  merely  from  the  remains  of  the  old  synovial  membrane 
still  adhering  to  the  bone. 

The  cicatrix  of  a  wound  of  the  skin  which  is  healed  in  that  stage 
of  inflammation  which  is  accompanied  by  the  effusion  of  lymph,  is 
more  dense  than  the  skin  itself;  it  is  sensible,  is  at  first  redder  than 
the  surrounding  skin,  at  a  later  period  paler;  the  epidermis  covering 
it  is  more  delicate.  Large  scars  generally  result  from  the  healing  of 
those  wounds  in  which  a  portion  of  the  skin  has  been  lost  by  the 
suppurative  process.  In  this  case  the  cicatrix  has  no  hairs;  is  in 
negroes,  for  the  most  part,  colourless  at  first,  but  frequently  assumes 
after  a  time  the  natural  black  colour  of  the  surrounding  skin. 

Solutions  of  continuity  in  mucous  membranes  have  little  tendency 
to  unite;  hence  in  part  the  difficulties  attending  the  operation  for  cleft 
palate  and  that  for  wounds  of  the  intestines.  In  cases  of  division  of 
the  excretory  duct  of  glands,  where  the  divided  ends  have  been  kept 
in  contact,  regeneration  of  the  duct  sometimes  takes  place  and  the 
passage  is  restored.  This  fact  was  first  observed  by  MQller:^  in  three 
cases  of  division  of  the  duct  of  Wharton,  and  in  one  of  division  of 
the  pancreatic  duct,  in  two  cases  also  of  division  of  the  vas  deferens 
in  the  dog  and  cat.  Brodie,  Tiedemann,  Gmelin,  Levret,  and  Las- 
saigne  have,  after  tying  the  ductus  choledochus,  found  the  passage 
restored  in  some  cases.    In  Tiedemann's  experiments§  the  jaundice 

*  Mr.  B.  Cooper*8  experiments  (Gay's  Hospital  Reports,  vols.  ii.  and  liL) 
afforded  results  which  accord  with  Mtescher's  view  of  the  mode  of  prodoctioQ  of 
callus.  The  substance  formed  by  the  periosteum  and  soft  parts  became  fibroasi 
and  was  ultimately  absorbed;  while  that  formed  by  the  bone  more  nearly  resem* 
bled  true  cartilage,  and  underwent  ossification. 

t  The  c|U6Stion  whether  the  periosteum  is  able  to  form  new  boae  will  eomo 
nnoer  consideration  at  a  future  page. 


De  Valuer,  duct,  ezecret.  Tub.  1619. 
Die  Verdauung  nach  Versuchung.  iL 
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disappeared,  in  some  instances,  at  the  end  of  ten  or  fifteen  days.  The 
ligature  had  either  cut  through  the  duct  and  fallen  away  before  the 
divided  edges  had  united,  or  coagulable  lymph  had  been  effused 
around  the  Ugature,  completing  the  canal  externally,  while  the  liga- 
ture, perhaps,  had  separated  and  fallen  into  the  cavity  of  the  duct, 
and  bad  passed  out  through  it.  After  the  lapse  of  from  thirteen  to 
sixteen  days  the  canal  was  found  completely  restored. 

Solutions  of  continuity  in  glands  cicatrise,  it  is  true;  but  the  new 
substance  has  not  the  properties  of  the  glandular  tissue.  The  same 
is  the  case  in  the  cicatrisation  of  muscles.  P.  F.  Meckel,  Richerand, 
P^ny,  Huhn,  Murray,  and  Autenrieth,  all  describe  the  substance  by 
which  divided  muscles  unite  as  similar  to  condensed  cellular  mem- 
brane, and  as  evincing  no  contractility  on  the  application  of  galvan- 
isuL*  Wounds  of  the  pregnant  uterus  cicatrise  very  quickly;  by  the 
contraction  of  the  or^n  the  wound  is  soon  rendered  extremely 
small.  It  appears  that  the  external  serous  covering  of  the  uterus 
has  the  principal  share  in  the  cicatrisation.!  A  new  formation  of 
true  muscular  substance,  as  described  by  Wolff^  is  certainly  not 
credible.  I  have  seen  in  the  museum  at  Heidelberg,  the  fibrous 
layers  on  the  pleura  and  pericardium,  of  which  Wolff  speaks,  but 
can  only  regard  them  as  mere  fibrinous  exudations.  We  know  no 
test  for  muscular  fibres  but  their  contractility  and  their  microscopic 
character8.§ 

The  question  of  the  regeneration  cf  nerves  has  been  investigated 
experimentally  by  Arnemann,  Haighton,  Prevost,  Mayer,  Fontana, 
Michaelis,  Swann,  Breschet,  and  Tiedemann;  but  it  is  still  involved 
in  considerable  doubt,  in  consequence  of  several  observers  not  having 
distinguished  between  the  mere  reunion  of  the  divided  ends  of  the 
nerve  and  the  possession  of  nervous  power  by  the  matter  forming 
the  cicatrix.  To  prove  the  latter  to  be  the  case,  whether  anatomi- 
cally or  physiologically,  is  extremely  difficult.  Nerves  when  divided 
generally  retract  somewhat  by  virtue  of  the  elasticity  of  their  sheath; 
but  the  fact  of  the  reunion  of  the  divided  ends  of  nerves  when  they 
lie  in  contact  cannot  be  doubted.  The  new  substance,  if  it  has  the 
properties  of  nerves,  must  contain  nervous  fibres.  It  appeared  to 
Arnemann  II  to  differ  in  structure  from  true  nervous  substance. 
Fontana,T  on  the  other  hand,  states  that  the  new  substance  which, 
united  the  divided  vagus  in  his  experiments  on  rabbits  was  similar 
to  nervous  substance;  but  it  is  impossible  that,  so  early  as  twenty- 
nine  days  after  the  division  of  the  nerve,  the  true  nervous  fibrils 
could  be  generated  in  the  cicatrix;  for,  on  examining  the  new  bond 
of  union  even  after  the  interval  of  seven  weeks,  I  was  unable  to 

*  See  Kleemsn,  Diss,  circa  Reprod.  Partinm.  Halle,  1766.    Huhn,  De  Regen. 
Part.  Moll.  Gott.  1787.    Mnrray,  De  Reintegrat.  Part.  &c.  Golt.  1787.    Aaten- 
lielh  et  Schnell,  Dies,  de  Nat.  fjnionis  Muscnl.  Valnerat,  Tub.  1804. 
See  Mayer  in  Grafe  and  WaUher*8  Joom.  11.  4. 
De  Format  Fibrar.  Muscnl.  in  Pericardio  atc}.  in  Plenra.  Heidelb.  1832. 
See  the  remarks  of  Wntxer  in  Miiller*8  Archly.  1834,  p.  451. 
j  Vervuche  uber  die  Reji^eneration.    Gott.  1797. 
f  Venoohe  ober  daa  Vipernegift.  . 
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distinguish  any  nervous  fibrils;  the  new  matter  seemed  still  to  consist 
of  dense  cellular  tissue.  Prevost*  divided  the  nervus  vagus  in  a  cat 
and  allowed  it  to  reunite;  and,  on  examining  the  cicatrix  after  four 
months,  found  the  nervous  fibres  continued  through  it.  The  assertion 
of  Michaelis,t  that  when  portions  of  nerve  from  nine  to  twelve  lines 
in  length  had  been  cut  out,  the  ends  were  again  united  at  the  end 
of  some  weeks  by  nervous  fibres,  is  very  improbable.  To  determine 
whether  the  new  substance  of  the  cicatrix  was  really  nervous  sub- 
stance, Meyer}  and  Tiedemann  applied  nitric  acid,  which  dissolves 
the  sheath  of  the  nerves,  but  not  the  nervous  substance  itself.  This 
test,  however,  is  a  deceptive  one:  as  far  as  my  experience  goes, 
the  minute  fibrils  of  the  nerves  cannot  be  recognised  by  any  che- 
mical means  of  investigation;  they  must  be  examined  by  means  of 
the  microscope  while  in  a  perfectly  fresh  state.  By  this  method, 
which  is  conclusive,  and  in  fact  not  very  di£5icult,  I  examined  the 
cicatrix  of  the  ischiatic  nerve  of  a  rabbit  which  had  been  divided 
seven  weeks  before,  but  could  not  satisfy  myself  with  any  certainty 
of  the  existence  of  parallel  fibres  in  the  cicatrix,  which  was  a  hard 
mass,  apparently  consisting  of  dense  cellular  tissue.  Schwann,  how- 
ever, has  discovered  true  nervous  fibres  in  the  regenerated  nervous 
substance;  in  his  experiment,  performed  on  a  frog,  the  conducting 
power  of  the  nerve  was  also  restored. 

Experiments  of  which  the  object  is  to  ascertain  whether  sensa^ 
iion  and  motion  are  restored  in  parts  after  division  of  the  nerves 
distributed  to  them,  are  of  great  importance;  but,  unfortunately, 
most  of  those  hitherto  institute  with  this  view  have  been  deficient 
in  critical  accuracy. 

Arnemann,  who  was  opposed  to  the  opinion  that  the  nerves  are 
reproduced,  once  observed,  afler  a  cutaneous  nerve  of  the  fore-paw 
of  a  dog  had  been  divided,  that  sensation  was  recovered.  Descot§ 
observed  the  same  thing  in  a  man  who  had  wounded  the  ulnar  nerve; 
but  his  case  is  not  conclusive,  for  the  nerve  was  not  completely  di- 
vided. I  was  witness  to  the  extirpation  of  a  tumour  of  the  ulnar 
nerve  from  the  arm  of  a  young  man  by  Professor  Wutzer;  the  nerve 
was  divided  above  and  below,  and  2i  inches  of  it  removed  with  the 
tumour.  It  is  clear  that  the  nervous  substance  could  not  have  been 
reproduced;  and  nevertheless,  at  the  end  of  three  or  four  weeks, 
sensation  gradually  returned  in  the  ukiar  side  of  the  fourth  finger, 
though  not  in  the  fiflh  finger,  the  return  of  sensation  being  evidently 
attributable  to  the  connection  of  the  palmar  branch  of  the  ulnar 
nerve,  which  goes  in  the  fourth  finger,  with  a  small  branch  of  the 
median  nerve.  At  the  end  of  eight  months,  the  fourth  finger  bad 
completely  regained  its  sensibility  on  both  sides.  Gruithuisen  has 
observed  in  his  own  person  a  gradual  but  imperfect  return  of  sen- 
sation afler  division  of  the  dorsal  nerve  of  the  thumb.    A  case  is 

•  Froriep*8  Not.  360. 

t  Uber  die  Re^en.  der  Nerren.    Oassel,  1785. 

t  Reirs  ArohiT.  ii.  449. 

i  Ditsert.  ear  lea  affect,  locales  des  Nerft. 
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related  by  Mr.  Earle*  in  which  a  part  of  the  ulnar  nerve  had  been 
cut  outy  and  in  which,  in  consequence,  the  little  finger  at  the  end  of 
five  years  was  still  useless,  and  the  sensations  in  it  very  imperfect. 
In  the  great  majority  of  Arnemann's  experiments,  the  lower  portion 
of  the  nerve  was  quite  insensible  one  hundred  and  even  one  hun- 
dred and  sixty  days  after  its  division. 

Among  the  most  remarkable  experiments  on  the  reproduction  of 
nerves  are  those  of  Haighton,  Prevost,  and  Tiedemann.  Haightont 
divided  the  nervous  vagus  on  one  side  of  the  neck  in  a  dog,  and 
three  days  afterwards  divided  that  on  the  opposite  side;  the  dog  died, 
as  when  both  nerves  are  divided  at  the  same  time.  In  a  second  dog 
he  divided  the  second  nervus  vagus  nine  days  after  the  first;  the  dog 
lived  thirteen  days.  In  a  third,  the  nerve  of  the  one  side  was  divided 
six  weeks  after  that  of  the  other  side;  the  dog  remained  in  a  weak 
state  for  six  months,  but  lived;  at  the  end  of  six  months  the  voice 
had  returned,  and  the  tones  had  become  higher.  Nineteen  months 
after  tiie  nervi  vagi  were  first  divided,  Haighton  again  divided  both 
nerves  one  after  the  other;  the  animal  died  on  the  second  day. 
Richerand  repeated  these  experiments  of  Haighton  with  different 
results,  fireschet  and  Delpech  also  deny  that  the  nervous  substance 
is  regenerated.:t  Prevost,  on  the  other  hand,  has  confirmed  Haigh* 
ton's  experiments;  he  repeated  them  on  new-born  kittens. 

In  another  series  of  experiments,  the  proof  of  the  reproduction 
of  the  nerves  consists  in  the  restoration  of  the  power  of  motion  in 
limbs,  the  nerves  of  which  have  been  divided.  From  most  experi- 
ments of  this  kind  no  inference  at  all  can  be  drawn,  unless,  as  in 
Tiedemann's  case,  all  the  nerves  of  the  limb  have  been  divided. 
Schwaun§  has  made  many  experiments  to  determine  the  result  of 
division  of  the  ischiadic  nerve  in  rabbits,  from  which,  however,  no 
certain  conclusion  can  be  deduced.  The  nerves  distributed  to  the 
muscles  of  the  thigh  come  off  from  the  iscliiadic  plexus  and  the 
ischiadic  nerve  very  high  up,  and  are  likewise  in  part  derived  from 
the  crural  and  obturator  nerves;  so  that  division  of  the  ischiadic 
nerve  in  the  middle  of  the  thigh,  and  even  Iiigher,  paralyses  merely 
the  muscles  of  the  leg  and  foot.  Although  the  animals,  therefore, 
will  not  be  able  to  step  perfectly  with  the  foot  in  such  a  case,  still 
they  will  be  able  to  use  the  leg  from  the  action  of  the  muscles  of  the 
thigh  being  unimpaired. 

Too  much  importance  had  been  attributed  to  Nysten's  experi- 
ments,!!  which  showed  that,  in  persons  who  had  died  some  days  after 
an  apoplectic  attack,  the  muscles  still  retained  their  irritability — 
contracted  on  the  application  of  galvanism,—although  the  brain  had 
lost  its  influence;  for,  in  the  experiments  which  I  have  made  with 
Dr.  Sticker,  we  found  that,  although  the  lower  portion  of  a  divided 

*  Med.  Chir.  Transact.  7. 
t  Mem.  Med.  Soc.  y.  iii.    Reil'a  Archiv.  ii.  80. 
X  Land,  Vivisectionen,  218. 

i  On  the  Treatment  of  local  affections  of  the  Nerves,  London,  1820,  translated 
into  German  by  Francke.    Leipz.  1824. 
II  Njsten,  loo.  ciu  p.  369. 
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nerve  retained  its  irritability  for  a  certain  period,  still,  if  the  union  of 
the  two  portions  were  prevented,  the  irritability  was  afterwards  lost; 
so  that  when  at  the  end  of  two  months  the  galvanic  stimulus  of  a  sin- 
gle pair  of  plates  was  applied  to  the  lower  portion  of  the  nerve,  it 
produced  no  contractions  in  the  muscles  to  which  the  nerve  was  dis- 
tributed. Even  when  applied  to  the  muscles  themselves,  the  galvanic 
stimulus  in  several  cases  did  not  excite  contraction.  The  experiments 
on  rabbits  made  by  me,  are,  therefore,  more  in  favour  of  the  supposi- 
tion of  reproduction  of  the  nerve  than  opposed  to  it.  In  the  third  ex- 
periment only  the  irritability  in  the  lower  part  of  the  nerve  was 
almost  completely  lost,  (although  the  nerve  was  allowed  to  unite,) 
and  in  this  case,  therefore,  it  seems  that  the  nerve  had  cicatrised,  but 
that  the  nervous  communication  was  not  restored.  Since  it  appears 
from  Sticker's  experiments  that,  unless  their  communication  with 
the  brain  and  spinal  cord  is  maintained,  nerves  cannot  preserve  their 
irritability  for  any  length  of  time,  the  mere  fact  that  the  lower  por* 
tion  of  a  divided  and  reunited  nerve  is  irritable  after  the  lapse  of 
several  months,  proves  that  the  union  of  the  nerve  restores  in  some 
degree  the  nervous  communication. 

Schwann  has  recently  performed  an  experiment,  which  clearly 
proves  the  fact  of  the  reproduction  of  nerves  in  the  frog: — He  dividea 
the  ischiadic  nerve  in  the  middle  of  both  thighs;  after  the  operation, 
the  frog  at  first  leaped  but  rarely,  generally  moving  only  by  crawl- 
ing; after  a  month  it  leaped  more  frequently,  and  at  the  end  of 
three  months  this  movement  was  performed  almost  as  well  as  by 
any  other  frog.  By  the  aid  of  the  microscope,  however,  the  now 
united  nerve,  at  the  place  of  division,  was  seen  to  contain  nervous 
fibrils,  lying  close  together  and  running  its  whole  length,  and  the 
transparent  aspect  seemed  to  result  only  from  the  neurilema  being 
less  perfectly  reproduced.  The  fibrils  were  continuous  with  those 
of  the  two  ends  of  the  nerve,  and  the  stretching  that  was  necessary 
for  the  microscopic  examination  fully  accounted  for  the  nervous 
cylinders  being,  at  some  points,  connected  only  by  very  delicate 
threads.  The  upper  end  of  the  nerve  was  enlarged,  as  is  the  case 
with  the  ends  of  nerves  in  the  stump  of  an  amputated  limb;  the 
lower  portion  did  not  present  the  same  appearance.  The  nerve  of 
the  other  side  could  not  be  examined.  The  fact  of  the  reproduction 
of  the  nervous  fibres  after  the  removal  of  a  portion  of  a  nerve  has 
been  confirmed  by  SteinrQck.    (Froriep's  Notiz.  Dec.  1838.) 

Without  the  reproduction  of  the  nervous  substance  which  has  been 
thus  demonstrated  by  Schwann,  the  experiments  of  Haighton,  Pro- 
vost, and  Tiedemann  are  inexplicable.  Tiedemann  divided  in  a  dog, 
the  nerves  of  the  fore-foot  and  leg,  namely,  the  ulnar,  radial,  median, 
and  external  cutaneous  nerves,  in  the  axilla,  and  at  the  expiration 
of  eight  months  observed  a  return  of  sensation  and  motion,  which 
was  still  greater  after  twenty-one  months;  and  at  last  the  dog  re- 
gained the  complete  use  of  the  foot.  This  experiment  is  most  con- 
vincing with  reference  to  regeneration  of  nerve.  The  return  of 
some  degree  of  sensation  in  transplanted  flaps  of  skin,  even  after  the 
division  of  the  portion  by  which  it  was  connected  to  its  original 
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ritnation,  as  in  the  case  of  the  flap  of  skin  turned  down  from  the 
forehead  to  form  a  new  nose,  is  also  an  argument  for  the  reproduc- 
tion of  nervous  fibres.  If  in  such  cases  no  reproduction  of  the  minute 
nervous  fibrils  at  the  surface  of  union  took  place,  such  a  portion  of 
akin,  after  the  division  of  the  connecting  isthmus,  ought  to  be  quite 
insensible.  I  learn  from  Professor  Diefienbach,  the  surgeon  the  most 
experienced  in  operations  of  this  kind,  that  the  sensibility  remains 
always  very  inconsiderable  in  these  parts,  but  that  its  existence  to 
a  limited  extent  cannot  be  denied. 

A  circamstance,  which  very  niuch  increases  the  difficulty  of 
imagining  the  process  that  takes  place  in  the  regeneration  of  divided 
nerves,  is,  that  many  nerves  contain  fasciculi  of  fibres  of  different 
kinds, — motor,  sensitive,  and  sympathetic,— of  which  the  first  only, 
as  we  shall  prove  hereafter,  have  power  of  exciting  muscular  con- 
tractions. In  the  process  of  regeneration,  therefore,  motor  fibres 
ought  to  unite  with  motor  fibres,  and  the  sensitive  fibres  with  sensi- 
tive, which  is  difficult  to  conceive  of  such  minute  parts.  Schwann's 
principal  object  in  his  experiment  detailed  above  was  to  ascertain 
whether  the  union  of  motor  with  sensitive  fibres  could  be  proved, 
by  the  effect  of  irritating  the  roots  of  the  nerves  in  the  spinal  mar- 
row; whether,  namely,  irritation  of  the  sensitive  roots  of  these 
nerves  would  excite  contractions  in  the  muscles  of  the  parts  to 
which  the  nerves  are  distributed.  With  this  view  he  laid  bare  the 
spinal  cord  in  the  frog,  in  which  both  ischiadic  nerves  had  been 
mvided  and  had  reunited,  and  divided  the  posterior  roots  on  both 
sides;  no  motion  was  produced  in  the  legs;  but  when  he  divided 
the  anterior  motor  roots,  strong  contractions  of  the  muscles  of 
the  legs  took  place.  This  negative  result,  however,  did  not  prove 
that  no  such  union  of  motor  and  sensitive  fibres  existed,  for  it  may 
be  that  the  sensitive  nerves  are  not  endowed  with  the  power  of 
communicating  an  irritation  from  the  centre  to  the  peripheral  parts. 

The  arguments  derived  from  neuralgic  cases  in  support  of  the 
opinion  of  the  production  of  nerves  are  the  weakest  of  any.  After 
the  division  of  a  nerve  the  extreme  branches  of  which  have  been 
the  seat  of  pain,  the  painful  sensations  often  return.  But  this  might 
be  explained  simply  by  supposing  that  the  affection  of  the  nerve 
which  caused  the  pain  originally  is  seated  higher  than  the  point 
where  the  nerve  was  divided,  or  that  the  cicatrix  itself  excites  pains 
in  the  nerve.  The  circumstance,  that  these  second  •  y  pains  are  felt 
in  the  extreme  parts,  cannot  surprise  us;  for  the  nerv  uis  trunks  con- 
tain all  the  separate  fibres,  the  extreme  portions  of  which  are  dis- 
tributed in  the  course  of  ramification  to  the  different  parts;  and,  as 
all  local  sensations  depend  'on  the  distinct  connection  of  each  of 
these  fibres  with  the  brain,  affections  of  the  nervous  stump  may 
excite  sensations  which  will  seem  to  be  in  the  extreme  parts.  This 
oocors  even  when  the  extreme  branches  of  the  nerve  are  entirely 
gone,  as  in  amputated  limbs.  In  all  the  persons  whom  I  have 
examined, — persons  who  had  lost  limbs  by  amputation, — twelve 
or  more  years  after  the  operation,  I  found  that  sensations  seated 
apparently  in  the  lost  parts,  never  entirely  ceased  to  be  felt.    When 
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the  nerves  in  the  stump  are  pressed  upon  for  a  considerable  time, 
the  patients  suffer  distinctly  from  the  sensation  of  the  arm  or  leg« 
the  greater  part  of  which  has  been  removed,  being  ^^asleep.'^  The 
belief  that  these  sensations  are  lost  a  short  time  after  amputation  is 
an  error  of  medical  men,  who  generally  do  not  watch  the  patients 
longer  than  a  few  months. 

Gruithuisen's  observations*  on  the  consequences  of  the  accidental 
division  of  the  nervus  dorsalis  radialis  pollicis,  in  his  own  person, 
are  extremely  interesting.  The  nerve  was  divided  by  a  large  trans- 
verse wound,  at  the  posterior  part  of  the  second  phalanx  of  the 
thumb,  which  reached  the  bone.  The  left  side  of  the  back  of  the 
thumb,  including  even  the  part  covered  by  the  nail  was,  in  conse- 
quence, rendered  perfectly  void  of  sensation.  During  the  inflamma- 
tion of  the  wound,  which  followed,  this  portion  of  the  surfeee 
became  the  seat  of  an  enduring,  piercing,  and  burning  pain  (evi- 
dently dependent  on  the  inflammation  affecting  the  upper  portion  of 
the  divided  nerve, — the  sensation  in  the  skin  being,  as  in  the  case  of 
amputations,  only  illusory).  In  the  course  of  a  week,  when  the 
wound  healed,  these  pains  ceased,  and  the  part  then  became  insen- 
sible as  before.  After  a  time,  however,  it  acquired  some  sensibility, 
but  of  an  extremely  undefined  character.  If  he  closed  his  eyes, 
while  this  part  (the  extent  of  which  was  two  inches  in  length,  and 
three-fourths  of  an  inch  in  breadth,)  was  touched,  he  could  not 
determine  at  what  point  of  the  surface  the  contact  took  place,  erring 
in  this  to  the  extent  of  from  three  to  five  lines.  When  he  struck  the 
cicatrix,  he  had  the  sensation  of  pricking  under  the  nail.  Eight 
months  after  these  observations  were  made,  the  sensation  was  still 
quite  as  imperfect  as  before.  Gruithuisen  concludes  with  the  re- 
mark, that  the  sensitive  impressions  can  be  transmitted  through  the 
cicatrix  of  a  divided  nerve;  but  that  they  become  so  dispersed  in  it, 
that  they  cannot  be  transmitted  by  distinct  nervous  fibres  to  the 
sensorium,  and  consequently  cannot  be  referred  to  a  determinate 
spot. 

Reproduction  of  brain  and  spinal  cord, — There  are  no  facts  to 
prove  that  the  consequences  of  loss  of  substance  of  the  brain  or  of 
the  spinal  marrow,  are  ever  completely  removed  by  the  reproduction 
of  new  substance. 

Arnemann,it  is  true,  observed  that  in  dogs,  in  which  from  twenty- 
six  to  fifty-four  "grains  of  the  substance  of  the  brain  had  been  lost, 
the  wound  was  afterwards  filled  by  a  new,  gelatinous,  yellow  mass, 
which  was  more  readily  soluble  in  water  than  the  substance  of  the 
brain.  But  it  is  not  certain  that  this  new  substance  was  really  cere- 
bral matter.  Destruction  of  the  superficial  parts  of  the  brain,  when 
unattended  with  compression  or  irritation,  is  often  followed  by  no 
extraordinary  consequences.  LfCsions  of  the  spinal  marrow  are,  as 
is  well  known,  but  too  incurable.  Wounds  of  the  brain  are  stated, 
by  Flourens,  to  cicatrise  very  readily,  but  without  the  reproduction 
of  nervous  substance  which  Arnemann  supposed  to  take  place* 

*  Beitng«  tor  Physiosnosie  and  Eatitogiiosle* 
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There  is  at  first  tumefaction  of  the  wounded  parts,  but  they  afler- 
vards  collapse  and  simply  cicatrise.  The  functions  of  the  brain  are 
frequently  restored  after  such  injuries,  but  when  this  is  the  case, 
it  takes  place  often  within  a  few  days  after  the  injury;  reproduction 
of  the  cerebral  substance  is  certainly  not  the  sole  cause  of  it.  It  is 
said,  however,  that  when  the  wall  of  one  of  the  ventricles  of  the 
brain  is  removed  to  a  certain  extent,  it  is  restored  by  the  shooting 
in  of  the  margins  of  the  opening. 

b.  Regeneration  with  suppurative  inflammation. 

Suppuration,  or  suppurative  inflammation,  always  ensues  when  a 
wound  is  prevented  from  healing  in  the  stage  of  fibrinous  exudation 
or  adhesive  inflammation.  Pus  is  formed  by  secretion  on  the  sur- 
face or  in  the  interior  of  the  inflamed  part,  and  at  the  moment  of  its 
effusion,  according  to  Brugmann  and  Autenrieth,  it  is  more  fluid  and 
transparent.  It  appears  to  be  formed  at  the  expense  of  the  organised 
matter,  of  which  the  composition  is  changed  by  the  inflammatory 
action.  The  globules  of  pus  are  unequal  in  size; — for  the  most  part 
they  are  larger  than  the  red  particles  of  the  blood,  with  which  they 
have  no  similarity  in  form;  they  are  either  particles  thrown  oflf  from 
the  suppurating  surface,  or,  like  the  particles  of  other  secretions,  are 
fonned  in  the  fluid  at  the  moment  that  it  exudes,  in  a  manner  similar 
to  that  of  the  formation  of  globules  in  a  solution  of  albumen  at  the 
commencement  of  its  coagulation. 

The  pus  globules  are  not  flattened  like  the  red  particles  of  the 
blood,  but  are  spherical,  or  nearly  so.  Their  size  varies  somewhat, 
but  in  the  mean  is  about  ^^Vrr  ^^  ^^  \nc\\.  They  appear  under  the 
microscope  nearly  colourless  and  transparent,  and  have  a  granular 
surface.  Each  globule  contains  a  nucleus,  which  acetic  acid  causes 
to  become  very  distinct,  rendering  the  outer  part  of  the  globule  or 
cell  transparent.  After  a  little  time  the  acetic  acid  wholly  dissolves 
the  outer  portion  of  the  globule,  and  a  part  of  the  nucleus  also;  so 
that  only  two  or  three  smaller  particles,  the  nucleoli,  are  left.  Be- 
sides these,  the  proper  pus  globules,  there  are  a  number  of  other 
much  smaller  particles  floating  in  the  fluid.*  By  a  chemical  analysis 
Gaeterbock  found  that  pus  contained  in  solution,  besides  albumen,  a 
peculiar  matter  which  he  has  named  <<pyine.''t  This  substance  re- 
sembles casein  and  chondrin  in  the  character  of  being  precipitated 
by  a  small  quantity  of  acetic  acid  and  by  alum;  but  it  is  distinguished 
from  chondrin  by  not  being  redissolved  by  excess  of  alum,  and  from 
casein  by  the  addition  of  an  excess  of  acetic  acid  not  causing  the 
solution  of  the  precipitate.  Muriatic  acid  also  precipitates  pyine; 
but  if  added  in  larger  quantity,  redissolves  it.     In  the  acid  solution 

*  Vogel  doabts  whether  *^  pyine^'  is  an  essential  component  of  pus. 

f  Pas  and  the  pus  globules  have  been  examined  microscopically  and  chemically 
bj  Kveral  obsenrera  within  the  last  four  years.  The  best  essays  on  the  subject 
are  those  of  Gaeterbock,  De  Pure  et  Granulatione.  Berolini,  1837;  Vogel,  Ueber 
Eiter,  Kitening  and  die  verwandt.  Vorgange.  Erlangen,  1838;  and  Valentin, 
Repertoricm«  1838,  p.  172.  An  account  of  the  observations  of  the  different  obser- 
ver! will  be  foand  in  Valentin's  ReperU  1838,  p.  164;  and  Miiller's  ArcbiT.  1838, 
p.  ziL  and  1639,  p.  zvii. 
12 
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thus  obtained  ferrocyanuret  of  potassium  throws  down  no  precipitate. 
Pyine  is  also  soluble  in  water,  and  the  precipitate  which  alcohol 
produces  in  its  solution,  may  be  again  dissolved  by  means  of  water. 
The  same  matter  is  also  contained  in  mucus,  in  which,  however,  the 
osmazome  and  albumen  of  pus  are  wanting.  Pure  mucus,  more- 
over,  contains  no  fatty  matter;  while  in  pus  this  is  so  abundant,  as  to 
cause  it  to  burn  like  sealing-wax,  and  the  microscope  sometimes 
detects  numerous  fat  globules  mixed  with  the  proper  pus  globules.* 
Pus,  too,  is  miscible  with  water,  and  is  soluble  in  acetic  acid,  while 
mucus  mixes  with  difficulty  with  water,  and  is  coagulated  by  acetic 
acid.t  These  differences,  however,  are  due  to  the  fluid  portion  only 
of  the  two  secretions;  for  mucus  contains  globules  exactly  similar  to 
those  of  pus.  The  observation  of  Brugmann  and  Autenrieth,  that 
pus  when  first  secreted  is  a  clear  fluid,  is  confirmed  by  Vogel  and 
Valentin.  The  mode  of  development  of  the  pus  globules  in  this  fluid 
as  described  by  Vogel,]:  accords  exactly  with  the  observations  of 
Schleiden  and  Schwann  relative  to  the  formation  of  the  primary  cells 
of  the  normal  tissues.  First,  granules  appear;  two  or  three  of  them 
become  aggregated  together  and  form  a  nucleus,  around  which  a 
semi-transparent  vesicle  is  gradually  developed,  and  acquires  the 
size  and  character  of  the  perfect  pus  globules.§ 

In  the  healing  of  wounds  by  the  first  intention,  or  by  adhesive 

*  Gueterbock,  loc.  citat.  p.  24;  and  Valentin's  Repert.  1833,  p.  173. 

t  Vogel,  loc.  citat.  p.  107. 

j:  Loc.  citat.  p.  152.  Vogers  observations  were  made  on  fluid  secreted  by  a 
blistered  surface,  and  on  the  pus  of  open  wounds. 

$  It  has  been  observed  by  many  writers  that  pus  is  found  in  the  veins  and  even 
in  coagula  contained  in  the  heart  in  cases  where  suppuration  has  been  goinflr  on 
in  other  parts  of  the  body,  but  particularly  in  cases  of  phlebitis.  Mr.  GalTiver 
has  recently  announced  (Philosophical  Magazine,  Sept.  1838)  that  pus  may,  by 
the  aid  of  the  microscope  and  other  means,  he  detected  in  the  blood  in  almost  every 
instance  in  which  there  was  either  extensive  suppuration  or  great  inflammatory 
swelling.  The  translator  has  had  the  opportunity  of  verifying  Mr.  Gulliver's  oo- 
servation  respecting  the  presence  of  globules  resembling  those  of  pus  in  the  blood 
in  the  cases  of  two  patients,  under  the  care  of  Dr.  Burrows,  at  St.  Bartholomew's 
Hospital,  in  whom  contamination  of  the  circulating  fluid  with  pus  was  rendered 
probable  both  by  the  symptoms  during  life  and  the  morbid  appearance  found  after 
death.  But,  admitting  that  the  globules  found  in  the  blood  in  such  cases  are 
really  pus  globules,  there  is  still  no  proof  either  that  they  are  absorbed  from  the 
original  seat  of  the  suppurative  action,  or  that  the  pus  effused  in  the  parts  second- 
arily affected  consists  either  wholly  or  in  part  of  such  globules  deposited  from 
the  blood.  It  would  be  much  more  probable  that,  the  blood  being  contaminated 
by  the  absorption  of  a  morbid  fluid,  pus  globules  are  developed  in  it  by  the  same 

Erocess  as  on  the  surface  of  ulcers,  and  that  the  effusion  by  the  liquid  part  of  the 
lood  gives  rise  to  the  formation  of  fresh  pus  in  the  same  manner  in  other  parts. 
Mr.  Gulliver^s  supposition  that  the  blood  particles  are  converted  into  pus  globules 
is  improbable,  and  is  supported  by  no  direct  observation,  except,  perhaps,  by  that 
of  W  eber,  relative  to  the  transformation  of  the  oval  blood  disks  into  colourless 
globular  bodies  in  the  vessels  of  the  larvae  of  Batrachia  where  the  circulation  has 
become  temporarily  arrested  in  the  part.  A  doubt,  however,  is  thrown  on  the 
nature  of  the  pus-like  bodies  observed  by  Mr.  Gulliver  in  the  human  blood  and  on 
their  relation  to  inflammatory  and  suppurative  action,  by  the  fact  that  similar  bodies 
are  found  in  the  blood  of  healthy  persons.  This  last  fact  was  communicated  to  the 
translator  some  months  since  bv  Mr.  Kieman,  and  has  been  more  recently 
tioned  to  him  by  Dr.  Gueterbocic. 
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inflammationy  the  edges  of  the  wound  are  united  by  means  of  the 
oi^anisable  matter  dissolved  in  the  blood.  But  when  wounds  heal 
by  suppurative  inflammation,  there  is  no  effusion  of  plastic  matter. 
Pus  is  not  susceptible  of  organisation.  Sir  E.  Home's  ideas  respect- 
ing the  conversion  of  pus  into  granulations  arc  quite  un physiological. 
During  suppuration  and  granulation  there  is  no  development  of  new 
vessels  in  matter  previously  exuded  on  the  surface;  but  the  size  of 
the  wound  is  diminished  by  the  interstitial  growth  of  the  already 
organised  particles  forming  its  margins  and  base.  The  new  matter 
formed  in  the  cavity  of  the  wound,  having  a  granular  surface,  has 
received  the  name  of  granulations.  These  granulations  contain 
reticulated  capillaries;  but  no  blood-vessels  with  free  open  extremi- 
ties, for  such  a  form  of  blood-vessels  exists  in  no  part  of  the  body. 
The  pus,  therefore,  is  secreted  simply  by  the  exposed  surface  of  the 
granulations.  The  encroachment  of  the  organised  parietes  of  the 
wound  on  the  cavity  equally  from  all  sides,  from  the  borders  as  well 
as  from  the  base  of  the  wound,  diminishes  its  size  both  in  circum- 
ference and  depth,  till  it  is  reduced  to  a  point  or  quite  closed,  when 
the  suppuration  ceases  spontaneously.  It  is  only  when  the  growth 
takes  place  more  rapidly  at  the  base  of  the  sore  than  at  the  borders, 
that  the  granulations  rise  above  the  surface;  and  under  these  circum- 
stances the  suppurating  wound  cannot  be  reduced  till  the  proper 
relation  between  the  borders  and  base  of  the  sore  is  restored  by 
cauterisation.  In  the  contrary  case,  when  the  bottom  of  the  wound 
is  not  regenerated  so  quickly  as  the  margins,  the  sore  becomes 
sinuous,  and  requires  to  be  laid  open  by  division  of  the  borders. 
When  the  suppuration  is  very  superficial,  the  secretion  of  pus  ceases 
simultaneously  with  the  inflammation,  without  any  reduction  of  the 
extent  of  the  wound  by  this  growth  of  the  base  and  margins  being 
necessary.  Pauli*  has  given  a  representation  of  the  microscopic 
appearance  of  the  capillaries  in  a  suppurating  wound.  The  struc- 
ture of  granulations  has  been  recently  investigated,  microscopically, 
by  several  observers;t  but  most  accurately  by  Henle.  The  surface 
of  the  granulations  is  in  great  part  formed  of  globular  bodies  or  cells, 
which  resemble  pus  globules  in  every  respect,  except  the  circum- 
stance of  their  nucleus  not  splitting  into  several  smaller  bodies  under 
the  action  of  acetic  acid;  within  the  most  superficial  stratum  formed 
by  these  bodies,  are  nucleated  cells  rendered  polyhedral  by  the  pres- 
sure they  exert  on  each  other;  and  still  deeper  in  the  substances  of 
the  granulations,  the  cells  are  elongated  into  spindle-shaped  bodies, 
and  present  the  various  forms,  indicating  their  transformation  into 
the  fibres  of  cellular  tissue,  which  afterwards  constitute  the  sub- 
stance of  the  cicatrix.  From  these  facts,  Hcnie,  and  other  recent 
writers  on  this  subject,  justly  infer  that  both  the  pus  globules  and  the 
new  substance  of  the  granulations  arc  formed  at  the  surface  of  the 
anppurating  wound.    The  process  seems  to  consist  in  the  dcvelop- 

*  De  Volner.  sanand.  Comment.  Gott.  1825. 

f  Gueterbock,  loc.  citat.  H.  Wood,  De  Puris  Natuni  atque  Formatione.  Berol. 
1837.  Vogel,  loo.  citaU  Valentin,  Repertor.  1837,  p.  3G3.  Miescher,  De  inflam. 
Ossism,  p.  181;  and  Henle,  Hafeland's  Jooraal,  Bd.  Izxxvi.  1838. 
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merit  of  '<  primary  cells"  in  the  plastic  fluid  effused^  and  in  the  as- 
similation of  a  part  of  these  cells  into  organised  substance,  and  ulti- 
mately into  cellular  tissue,  while  another  part  of  them  is  cast  off*  ia 
the  form  of  pus  globules.  If  the  fluid  efi'used  is  not  sufficiently 
copious  to  form  liquid  pus,  the  surface  of  the  wound  becomes  covered 
With  a  crust  or  scab,  in  which  the  nuclei  of  the  pus  globules  can  be 
seen  united  by  a  granular  matter.  When  the  organising  assimilative 
power  is  defective,  few  primary  cells  are  developed  in  the  efi'used 
fluid,  and  the  pus  is  then  thin  and  ichorous,  and  the  wound  generally 
does  not  heal.  On  the  contrary,  if  the  assimilation  is  active,  the 
primary  cells  are  formed  in  abundance,  and  in  that  case  the  pus  is 
thick  and  creamy,  and  granulations  grow  rapidly. 

In  cases  where  a  large  extent  of  skin  has  been  lost,  it  is  replaced 
partly  by  growth  inwards  of  the  skin  forming  the  margins  of  the 
wound,  and  partly  by  the  condensation  of  the  cellular  tissue,  as  has 
been  observed  in  a  striking  degree  in  cases  of  destruction  of  a  large 
part  of  the  scrotum.  When  great  loss  of  skin  occurs  in  cases  of 
necrosis,  in  which  the  surface  of  the  bone,  from  which  the  dead 
portion  is  thrown  off,  becomes  soft  and  gives  rise  to  a  granulating 
growth,  as  we  have  observed  in  a  case  of  extensive  loss  of  substance 
of  the  integuments  of  the  cranium,  with  necrosis  of  a  large  part  of 
the  external  lamella  of  the  cranial  bones  in  consequence  of  a  burn, 
the  substance  which  forms  the  cicatrix  seems  to  be  formed  in  part 
by  prolongation  inwards  of  the  surrounding  skin,  and  partly  also  by 
the  growth  of  cellular  tissue  from  the  surface  of  the  granulating  bone, 
which  also  forms  for  itself  a  new  periosteum. 

The  process  which  ensues  upon  necrosis  of  the  bones,  is  a  subject 
of  great  physiological  interest. 

Necrosis,  or  the  death  of  a  bone,  is  the  consequence  either  of  the 
unfavourable  termination  of  inflammation  of  the  bone  in  a  bad  con- 
stitution, or  of  its  vascular  supply  being  cut  ofi*  by  the  destruction  of 
its  periosteum  or  medullary  membrane.  Destruction  of  the  perios- 
teum, to  a  considerable  extent,  cuts  ofl*  the  supply  of  blood  which 
the  bone  received  through  the  medium  of  the  vessels  of  that  mem- 
brane, and  induces  the  death  of  the  exterior  layers  of  the  bone. 
When  the  medullary  tissue  of  a  bone  is  destroyed  by  inflammation, 
or  artificially  after  a  cylindrical  bone  has  been  sawn  through  in  an 
animal,  the  supply  of  blood  to  the  internal  layers  of  the  bone  is  in 
the  same  way  cut  off,  and  their  death  is  the  consequence;  but  in 
neither  case  does  the  whole  thickness  of  the  bone  lose  its  vitality. 
The  process  which  ensues  in  the  external  parts  of  the  bone  when  the 
internal  layers  are  destroyed,  and  in  the  internal  parts  when  the 
external  layers  become  necrotic,  is  very  remarkable.  The  osseous 
substance  becomes  inflamed;  the  consequence  of  which  is  the  effu- 
sion of  coagulable  lymph,  as  when  the  ends  of  broken  bones  become 
inflamed;  and  this  coagulable  lymph,  as  in  the  case  of  fractures, 
becomes  organised,  and  aflerwards  ossified.  If  the  lesion  and  con- 
sequent necrosis  is  on  the  outer  surface  of  a  cylindrical  bone,  the 
exudation  takes  place  on  the  inner  surface  into  the  cavity  of  the  bone, 
so  that  the  medullary  cavity  is  diminished  in  size.    The  callus  thus 
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fonned  on  the  inner  surface  of  the  bone,  strengthens  it,  supplying 
the  loss  of  substance  which  it  has  sustained  by  the  death  of  its  outer 
layers.  If  any  long  bone  is  sawn  across  in  a  living  animal,  and  its 
medulla  destroyed,  so  as  to  produce  necrosis  of  the  inner  layers  of 
the  bone,  the  exudation  takes  place  on  the  external  surface  of  the 
exterior,  still  living,  lamellae.  This  is  best  seen  when  a  hot  iron  has 
been  thrust  up  the  hollow  bone  of  some  animal,  or  when  the  cavity 
of  the  bone  has  been  plugged  with  wood. 

The  enlargement  of  the  bone  continues  during  the  whole  period 
of  its  inflammation.  It  is  very  distinct  where  the  living  bone  is  in 
contact  with  the  exfoliated  portion;  the  surface  of  the  bone  here 
becomes  softened  and  exceedingly  vascular.  The  growth  of  the 
bone,  thus  inflamed  and  softened,  has  the  principal  share  in  the  re- 
generation of  the  portion  of  bone  which  has  perished.  The  laminae 
of  bone  which  are  still  living,  become  soft,  red,  and  granulating,  at 
the  part  where  they  are  in  contact  with  the  dead  bone,  whether  this 
consist  of  the  internal  laminae,  as  in  internal  necrosis,  or  of  the  ex- 
ternal laminae,  as  in  external  necrosis;  but  in  the  former  case  the 
living  shell  of  bone  grows  towards  the  exterior,  so  as  to  form  a  strong 
cylinder  around  the  dead  ^^sequestnim,"  the  living  bone  beneath  the 
necrotic  layers,  growing  as  well  towards  the  exterior  as  towards  the 
medullary  cavity.  In  the  latter  case,  where  the  internal  layers  of 
the  bone  are  dead,  the  living  shell  of  bone  grows  towards  the  ex- 
terior so  as  to  form  a  strong  cylinder  around  the  dead  sequestrum. 
The  increase  in  size  of  the  inflamed  and  softened  bone,  goes  on  as 
long  as  the  surface  in  contact  with  the  dead  bone  continues  to  se- 
crete pus. 

If  the  whole  thickness  of  a  bone  has  died,  no  new  bone  can  be 
produced,  the  periosteum  having  no  share  in  the  process;  but  when 
merely  the  external  or  the  internal  layer  has  perished,  then  the  bone 
is  usually  reproduced.  But  even  in  this  case  an  entire  new  bone  is 
not  formed;  the  cylindrical  sequestrum,  in  the  case  of  internal  ne- 
crosis, is  only  the  internal  laminae  of  the  long  bone,  and  the  new 
cylinder  around  it  merely  the  external  laminae  of  the  bone  thickened 
and  swollen. 

There  has  been  much  contention  about  the  question,  whether  the 
new  osseous  mass  which  encloses  the  sequestrum,  is  reproduced 
merely  by  the  enlargement  of  external  layers  of  the  bones,  or  is 
formed  by  the  periosteum  itself.  Weidmann"^  supposes  that  both 
CBses  occur.  Troja  is  led  by  his  later  experiments  to  adopt  the  first 
opinion,  and  Scarpa  has  recently  proved  it  to  be  correct.  Meding, 
on  the  other  hand,  supports  the  opinion  of  the  formation  of  bone  by 
die  periosteum.  It  is  in  itself  inconceivable  that  a  membrane,  such 
as  the  periosteum,  which  serves  merely  to  contain  the  vessels  which 
pass  from  it  into  the  bones,  and  to  invest  the  latter,  can  itself  form 
organised  osseous  substance.  I  have  already  given  my  reasons  for 
not  assenting  to  this  opinion.  But  it  can  be  clearly  shown  in  mam- 
malia, which  are  better  adapted  for  this  purpose  than  birds^  that  the 

*  De  Nacrosi  Ossinm. 
12* 
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formation  of  the  new  tube  of  bone  is  effected  partly  by  the  effusion  of 
lymph  in  the  adhesive  stage  of  inflammation  on  the  surface  of  and 
by  the  inflamed  bone  itself,  not  by  the  periosteum;  but  that  the 
greatest  part  of  the  osseous  mass  is  formed  by  the  continued  growth 
of  the  living  layers  of  bone  which  surround  the  ini)er  sequestrnniy 
during  the  whole  period  of  suppuration.  I  rest  this  statement  upon 
the  excellent  observations  of  my  colleague,  M.  J.  Weber,  which  have 
been  made  known  by  M.  Bannerth  in  his  interesting  thesis,  in  which 
drawings  from  the  preparations  are  also  given.  The  opinion  of 
Scarpa,  that  the  enlargement  of  the  old  bone  takes  place  by  ^expan- 
sion," has  been  shown  by  Miescher  to  be  incorrect.  The  growth  of 
the  external  laminse  of  the  bone,  which  retain  their  life  in  internal 
necrosis,  is  effected  by  exudation.  The  description  which  I  have 
given  of  the  process  of  reproduction  in  bone,  is  founded  partly  on 
the  examination  of  Weber's  preparations,  and  partly  on  Miescher's 
observations.  In  conjunction  with  Dr.  Pockels  of  Brunswick,  abo, 
I  have  examined  the  bones  of  several  animals  on  which  he  had  pro- 
duced internal  necrosis  for  the  purpose  of  experiment,  and  the  results 
they  afforded  were  the  same.  On  the  subject  of  the  reproduction  of 
bone  attending  necrosis,  consult  Troja,  Neue  Beobacht  und  Vers. 
Ober  die  Knochen:  abers.  von  Schonberg.  Erlang.  1828.  K5hler, 
Exp.  circa  Regen.  Ossium.  G5tt.  1786.  Kortum,  loc.  cit.  Meding, 
Diss,  de  Regen.  Ossium,  Lips.  1823.  Scarpa,  (iber  die  Expansion 
der  Knochen  und  den  Callus.  Wiemar,  1828.  Bannerth,  Nature 
Conaminum  in  oss.  laes.  sanand.  Indagatio  Anat.  Physiol.  BonnaCi 
1831.  The  best  account  of  all  previous  researches  on  the  reproduc- 
tion of  the  tissues  will  be  found  in  the  prize  essay  of  Pauli,  De  Vai- 
ner, sanand.  Comment.  G5tt.  1825.  To  the  above.  Dr.  Baly  adds 
the  following  remarks  and  references: — Many  very  valuable  facts 
illustrative  of  the  whole  subject  of  the  growth  and  reproduction  of 
bone,  will  be  found  in  Mr.  Stanley's  Lectures,  delivered  at  the  Col- 
lege of  Surgeons  in  1837.  (See  Med.  Gazette,  vol.  xx.)  Mr.  Stanley 
is  of  opinion  that  new  bone  may  be  formed  not  merely  by  the  old 
bone  and  periosteum,  but  also  by  all  the  surrounding  soft  parts.  In 
the  Museum  of  St.  Bartholomew's  Hospital  are  preparations  demon- 
strating the  formation  of  plates  of  osseous  substance  on  the  inner 
surface  of  the  periosteum,  in  cases  where  nearly  the  entire  shaft  of  a 
long  bone  had  perished,  and  others  showing  the  results  of  the  experi- 
ments referred  to  by  Mr.  Stanley  in  his  lectures,  in  which  a  portion  of 
the  whole  thickness  of  a  long  bone  having  been  removed  in  a  living 
animal,  but  the  periosteum  being  left,  a  complete  regeneration  of  the 
bone  took  place,  while  the  removal  of  a  similar  portion,  together 
with  its  periosteal  covering,  was  attended  with  a  contrary  result. 
Similar  facts,  derived  from  morbid  anatomy  and  experiment  have 
been  adduced  by  Mr.  Syme  (in  the  Transact,  of  the  Royal  Society 
of  Edinburgh)  in  proof  that  the  periosteum  has  the  power  of  form- 
ing bone.  But  to  render  the  arguments  founded  on  the  pathological 
cases  here  alluded  to  conclusive,  it  should  be  shown  that  the  surface 
of  the  dead  bone  was  quite  smooth — that  portions  of  it  had  not  sepa- 
rated with  the  periosteum,  which  could  have  served  as  nuclei,  for 
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the  growth  of  the  new  osseous  cylinder;  and  with  reference  to  the 
experiments  on  animals,  which,  at  first  sight  appear  so  conclusive, 
it  might  be  objected  that  the  periosteum  may  be  more  prone  to  the 
exudation  of  plastic  matter  than  the  muscles  and  other  surrounding 
tissues,  and  yet  the  conversion  of  this  matter  into  osseous  substance 
be  effected  by  an  assimilating  action,  commencing  at  the  ends  of  the 
old  bones.  Mr.  Syme,  however,  relates  an  experiment  in  which  he 
merely  separated  the  periosteum  from  the  bone  to  a  certain  extent 
and  inserted  a  thin  plate  of  metal  beneath  it,  and  here  the  lamina  of 
new  bone  formed  on  the  exterior  of  the  metal  plate,  was,  he  states, 
quite  unconnected  with  the  old  bone,  except  through  the  medium  of 
tbe  periosteum.  Even  this  experiment  does  not  appear  absohitely 
conclcisiye;  for  the  separation  of  the  periosteum  from  the  bone  being, 
necessarily,  a  very  difficult  task,  minute  portions  of  osseous  substance 
may  possibly  be  removed  with  it  in  the  endeavour  to  maintain  it 
entire.  (For  the  observations  of  Heyne,  whose  opinions  accord  with 
those  of  Mr.  Stanley,  see  Graefe  und  Walther's  Journal,  Bd.  xxiv.; 
and  the  Archives  G6n6rales  de  M6decine,  April,  1837.) 


BOOK  II. 

OF  THE  CIRCULATING  FLUIDS,  OF  THEIR  MOTION,  AND 

OF  THE  VASCULAR  SYSTEM. 


SECTION  I. 


OF  THE  BLOOD.      ITS  GENERAL  PROPERTIES.* 

The  quantity  of  the  blood  in  the  body  cannot  be  exactly  deter- 
mined: it  is  calculated,  however,  that  in  adult  individuals  it  varies 
from  eight  to  thirty  pounds.  M.  Valentin  has  adopted  an  ingenious 
mode  of  ascertaining  the  quantity  contained  in  the  animal  body* 
Having  weighed  the  animal  and  determined  the  proportion  of  solid 
matter  in  a  portion  of  its  blood,  he  injects  into  its  vessels  a  given 
quantity  of  distilled  water,  which  soon  becomes  mixed  with  the 
blood.  He  then  takes  away  a  fresh  portion  of  blood,  and  ascer- 
tains the  proportion  of  solid  matter  in  it.  The  relation  between  the 
amount  of  solid  matter  in  the  blood  first  taken,  and  that  in  the  blood 
diluted  with  the  given  quantity  of  water,  enables  him  to  calculate 
very  easily  the  quantity  of  the  entire  blood  in  the  body  of  the  ani- 
mal.t  In  this  way  M.  Valentin  has  ascertained  the  relative  quantity 
of  the  blood  to  be  in 

*  On  the  blood  generally,  consult  Pannentier  and  Deyeux  in  Reil's  Archir.  b* 
i.  hef^.  2,  p.  76. — Hewson's  Experimental  In(}uirie8,  1772;  in  German.  Vom 
Blate.  Niirnb.  1780. — Prevostand  Dumas,  Bibliothdque  Universelle,  torn.  zvii.  p. 
294. — Meckel,  Archiv.  viii. — Scudamore  on  the  Blood,  London,  1824;  or  uber  das 
Blut  au8  d.  Engl.  Wiirzburg,  1826.— Berzelius,  Thierchemie,  1831;  or  the  7th 
volume  of  his  Traits  de  Chimie,  translated  into  French  by  M.  Esslinger. — Denis, 
Rech.  Experim.  sur  le  Sang  Humain,  Paris,  1830. — ^Thakray,  Inquiry  into  the 
Nature  of  the  Blood,  London,  1819. — Dr.  G.  Burrows,  Croonian  Lectures  for 
1834,  in  Medical  Gazette. 

f  Thus  1190  grains  of  blood  taken  from  the  left  jugnlar  vein  of  a  large  dog« 
yielded  24*54  per  cent,  of  solid  residue.  After  the  injection  of  10,905  grains  of 
water  into  the  blood-vessels,  1139  grains  of  blood  taken  from  the  right  external 
Jugular  vein,  afforded  21*86  per  cent.,  and  1274  grains  from  the  left  external  jugu- 
lar 21*89  per  cent.,  of  solid  residue.  The  proportion  of  solid  residue  in  the  dilated 
blood  was  therefore  21*87  per  cent.  Now  the  (quantity  of  water  injected  (vis. 
10,908  grains)  multiplied  by  the  proportion  of  solid  residue  in  the  diluted  blood 
(or  21*87  per  cent.)  and  divided  by  the  difference  between  the  residue  of  the  blood 
thus  diluted,  and  that  of  the  blood  before  the  injection  of  the  water  (that  is  24.54— 
21*87),  gave  89,323  grains  as  the  quantity  of  blood  which  remained  in  the  body 
after  the  extraction  or  the  first  1190  grains;  and  by  the  addition  of  this  last  qaan- 
tity,  the  whole  amount  of  blood  in  Uke  body  at  the  commencement  of  the  experi- 
ment was  found,  namely,  90,513  grains.  The  weight  of  the  dog  was  402,641 
grains,  the  proportion  of  the  blood  in  its  body  was  therefore,  as  1  :  4'44. 
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Large  dogs  as  1  :  4-50  (the  mean  of  four  experiments). 

A  lean  debilitated  sheep  as  1  :  503 

Cats  (female)  as  1  :  5-78  (the  mean  of  two  experiments). 

A  large  female  rabbit       as  1  :  6-20 

In  animals  of  the  same  species,  the  relative  quantity  of  blood  seemed 
to  be  constant,  whatever  was  their  size.  A  bitch,  however,  seemed 
to  contain  less  blood  than  the  male  dogs.  The  difference  observed 
in  the  proportional  quantity  of  the  blood  in  different  animals  ac- 
corded with  their  size;  large  dogs  contained  the  most,  the  rabbit  the 
least  blood. 

In  calculating  from  the  data  afforded  by  these  experiments  on 
animals  the  amount  of  blood  in  the  human  body,  M.  Valentin 
deemed  it  best  to  take  the  relative  weight  of  the  blood  in  the  body 
of  the  dog  as  the  standard,  namely,  1  :  4-3G  for  the  male  sex,  and 
1 :  4-93  for  the  female:  and  then,  adopting  M.  Quetelet's  table  of  the 
weight  of  the  human  subject  at  different  ages,  he  found  that  the 
mean  quantity  of  the  blood  in  the  male  adult,  at  the  time  when  the 
weight  of  the  body  is  greatest  (namely,  at  30  years),  should  be  about 
34}  lbs.,  and  in  the  adult  female  at  50  years,  when  the  weight  of  the 
body  in  that  sex  is  at  its  maximum,  about  26  lbs. 

The  blood  is  the  fluid  from  which  are  derived  the  materials  for 
the  formation  and  nutrition  of  all  parts  of  the  animal  body,  it  re- 
ceives the  effete  decomposed  materials  from  the  different  tissues,  for 
the  purpose  of  their  excretion  by  special  organs;  and  it  is  renovated 
by  the  new  nutrient  matters  poured  into  it  by  the  lymphatic  vessels. 
llie  nutrient  matters  consist  partly  of  substances  introduced  from 
without,  and  partly  of  matters  which  have  already  been  organised 
components  of  the  body.  Their  conversion  into  blood  is  effected  not 
80  much,  probably,  by  the  operation  of  particular  organs  as  by  the 
general  action  of  all  parts  of  the  system  upon  them;  for  in  the  ovum, 
even  before  most  of  the  organs  exist,  and  when  the  first  traces  only 
of  the  central  parts  of  the  nervous  system  are  formed,  blood  is  gene- 
rated within  the  area  vasculosa  by  the  germinal  membrane,  which 
.is  the  cicatrictila  or  germ  more  fully  developed  by  the  attraction  and 
assimilation  of  the  fluids  of  the  ovum. 

The  blood  which  is  brought  to  the  heart  from  the  lungs  by  the 
pnlmonary  veins,  and  projected  by  the  left  ventricle  through  the 
aorta  and  its  branches  into  all  parts  of  the  body,  has  a  bright  red 
colour;  that  which  returns  through  the  venous  system  of  the  body 
to  the  right  ventricle,  and  is  thrown  by  it  again  into  the  lungs,  has 
a  dark  red  colour.  The  blood  is  also  red  in  some  invertebrate 
animals,  as  some  of  the  Annelida  (red-blooded  worms).  It  has  a 
reddish  colour  in  some  of  the  Mollusca,  at  least  in  the  Planorbis, 
according  to  the  observation  of  Treviranus  and  myself,  and  in  an 
Entozoon  allied  to  the  Planariae,  according  to  M.  Milne  Edwards. 
Id  many  invertebrate  animals  it  is  colourless. 

If  the  blood  is  examined  with  the  microscope  either  in  the  minute 
▼eneb  of  a  transparent  part,  or  immediately  after  it  has  flowed  from 
the  body,  it  is  seen  to  consist  of  small  red  particles  or  globules^  and 
a  dear  colourless  fluid.    This  fluid  is  the  lympha  or  liquor  san- 
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guinisy  and  must  not  be  confounded  with  the  serum,  which  is  the 
thin  fluid  that  separates  from  the  crassamentum  during  coagulation. 
The  liquor  sanguinis  can  be  obtained  free  from  the  red  globules 
before  coagulation  takes  place,  by  filtering  the  blood  of  the  frog  or 
any  other  animal  in  which  the  red  globules  are  so  large  as  not  to 
pass  through  white  filtering  paper.  The  red  particles  are  specifically 
heavier  than  the  fluid,  and  consequently  can  contain  no  gasiform 
substance. 

The  specific  gravity  of  human  blood  varies  from  1-0527  to  1*057. 
It  has  a  saltish  taste,  a  weak  alkaline  reaction,  and  a  peculiar 
odour, — halitus  sanguinisj — which  difiers  somewhat  in  different 
animals,  and  is  strongest  in  the  blood  of  the  male  sex. 

The  blood  of  all  vertebrate  animals  usually  coagulates  within  the 
period  of  from  two  to  ten  minutes  after  its  escape  from  the  vessel; 
the  blood  of  the  human  subject  requires  from  three  to  seven  minutes 
for  its  coagulation,  that  of  the  rabbit  two  minutes  only.  It  becomes 
first  a  gelatinous  mass;  but  this  slowly  contracts,  and  ptesses  out  a 
dull-yellow  fluid,-— the  serum^ — which  appears  first  in  drops  on  the 
surface  of  the  coagulum,  and  gradually  increases  in  quantity.  The 
red  coagulum  is  called  crassamentum^  placentOy  coagulum  san* 
guinisy  or  clot. 

The  scrum  has  a  specific  gravity  of  from  1-027  to  1-029.  It  has 
a  saltish  taste,  and  in  the  higher  animals  a  weak  alkaline  reaction^ 
which  is  scarcely  perceptible  in  the  frog.  Hermann  was  led  into  the 
error  of  supposing  the  serum  to  be  acid,  by  observing  that  blood 
treated  with  tincture  of  litmus,  yields  a  reddish  serum,  which  really 
arises  from  the  red  colouring  matter  of  the  globules  being  soluble  ia 
the  tincture,  just  as  it  is  in  water.  The  serum  holds  in  solution 
several  animal  matters,  of  which  the  chief  is  albumen.  This  sub- 
stance requires  for  its  coagulation  the  action  of  certain  chemical 
agents,  such  as  acids  and  alcohol,  or  a  temperature  of  158^  Fahr.;  it 
does  not  coagulate  spontaneously. 

If  the  red  coagulum  is  washed  for  some  time  in  water,  the  colour- 
ing matter  is  dissolved,  and  a  white  fibrous  substance  remains  which, 
is  called  Jibrin,    This  substance,  like  the  red  clot,  sinks  in  water 
unless  it  accidentally  contains  bubbles  of  air. 

In  females  during  pregnancy  and  in  the  puerperal  state,  in  acute 
rheumatism  and  in  inflammation, — indeed  in  all  cases  where  the 
blood  coagulates  more  slowly  than  usual, — the  red  globules  often 
subside  below  the  surface  of  the  fluid  before  coagulation  takes  place, 
and  the  consequence  is,  that  afterwards,  when  the  whole  mass  coagu- 
lates, the  upper  part  of  the  clot  is  white, — forming  the  inflammatory 
crust  or  huffy  coat, — while  the  lower  part  is  red.  When  fresh  blood 
is  stirred  quickly,  the  red  globules  are  not  included  in  the  coagulum; 
the  fibrin  coagulates  slowly  into  colourless  fibres,  which  adhere  to 
the  rod  with  which  it  is  stirred,  while  the  rest  of  the  blood  remains 
fluid  with  the  red  globules  floating  in  it.  Fresh  blood,  if  exposed  to 
a  very  low  temperature,  freezes,  and  may  in  that  state  be  preserved, 
so  as  to  be  still  susceptible  of  coagulation  when  it  is  thawed.  Alka- 
lies prevent  the  coagulation  of  the  blood;  even  a  thousandth  part  of 
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caustic  soda  has  this  effect  Some  salts  also,  as  sulphate  of  soda, 
nitrate  of  potash,  carbonate  of  soda,  and  carbonate  of  potash,  when 
mixed  with  the  blood  out  of  the  body,  prevent  or  retard  this  pheno- 
menon. Fontana  states  that  the  poison  of  the  viper,  and  that  of  the 
ticuna,  added  in  the  proportion  of  one  part  to  twenty  parts  of  blood, 
have  the  same  effect,  while  the  viper's  poison  quickly  induces  the 
coagulation  of  the  blood  when  inserted  into  a  wound  of  the  living 
body.  There  are  certain  circumstances,  also,  in  which  the  blood 
remains  fluid  in  the  vessels,  namely,  in  men  and  animals  killed  by 
lightning  or  strong  electric  shocks,  in  those  poisoned  by  prussic  acid, 
in  animals  hunted  to  death,  and  in  men  killed  by  violent  blows  on 
the  epigastrium;  and  it  is  said  that  in  these  cases  the  limbs  do  not 
become  rigid.*  In  persons,  also,  who  have  died  after  protracted 
dyspnoea  terminating  in  asphyxia,  the  blood  is  generally  found  fluid, 
at  least  for  a  much  longer  period  than  usual  after  death. 

Except  under  the  circumstances  just  stated,  blood,  when  removed 
from  the  body,  always  coagulates,  whether  it  is  kept  at  rest  or  in 
motion, — whether  it  is  placed  in  a  temperature  equal  to  that  of  the 
living  body,t  in  vacuoy  in  close  vessels  quite  filled  so  as  to  exclude 
the  air,:|:  or  in  various  gases  which  do  not  form  part  of  the  atmo- 
sphere. The  sole  cause  of  the  coagulation  of  the  blood  is,  that  the 
E roper  combination  of  its  elements  is  maintained  so  long  only  as  the 
lood  is  under  the  influence  of  Uving  surfaces,  viz.  of  the  vessels. 
Blood  extravasated  in  the  body,  also,  generally  coagulates.  Blood 
which  is  enclosed  in  a  vessel  between  two  ligatures,  or  of  which  the 
motion  in  the  vessels  has  been  impeded  in  any  way,  coagulates, 
though  more  slowly  than  out  of  the  body;  it  seems  necessary,  there- 
fore, not  only  that  the  blood  should  be  in  contact  with  living  surfaces, 
but  also  that  it  should  continue  in  motion  so  as  to  be  constantly 
brought  into  relation  with  fresh  parts  of  them.  Schroeder  van  der 
Kolk's§  experiments  seem  to  show  that  coagulation  takes  place  with 
extraordinary  rapidity  after  the  brain  and  spinal  marrow  have  been 
broken  down;  in  a  few  minutes  after  the  operation,  coagula  were 
found  in  the  great  vessels.  Mayer  observed  that,  after  the  applica- 
tion of  a  ligature  to  the  nervus  vagus,  the  blood  coagulated  in  the 
vessels,  and  that  death  was  thus  produced.  Four  experiments,  how- 
ever, which  were  performed  under  my  direction,  two  on  dogs  and 
two  on  rabbits,  did  not  confirm  this  observation,  although  the  ani- 
mals were  examined  immediately  after  death,  which  was  the  effect 
of  the  operation,  a  ligature  of  the  nervus  vagus:  in  two  cases  only 

*  Abemethy,  Physiolog.  Lectures,  p.  246. — Hanter  on  the  Blood,  Works  by 
Mr.  Palmer,  vol.  iii.  p.  41,  Amer.  edit. 

t  AecordlDg  to  Sir  C.  Scadamore,  cold  retards  coagulation,  while  heat  accele- 
ntes  it. 

t  Dr.  B.  Babington  (Med.  Chirurg.  Transact,  vol.  xvi.)  has  shown  that  coas^- 
Imnon  is  reiarded  bv  exclusion  of  air,  and  to  such  a  degree,  that  the  red  narticles 
hvn  time  to  subside.  By  letting  blood  flow  into  a  vessel  containing  oil,  he  ob- 
tuned  a  thick  fibrinous  covering,  while  a  portion  of  the  same  blood  received  into 
to  empty  vessel  formed  no  huffy  coat. 

§  Comment  da  Sanguinis  Coagulations.  Groningen,  1820.  Diss.  sist.  Sang. 
Cosgnlantit  Hittoriam.    Groning.  1820. 
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was  a  small  coagulum  of  the  size  of  a  pea  discovered  in  the  left  side 
of  the  lieart,  and  none  in  the  pulmonary  vessels.  Hewson,  Parmen- 
tier,  and  Deyeux  have  observed  that  blood  extracted  from  the  vessels, 
coagulates  more  rapidly  in  proportion  as  the  vital  powers  of  the 
animals  dechne.  Several  observers — Gordon,  Thomson,  and  Mayer, 
for  example— declare  that  they  have  observed  elevation  of  tempera- 
ture during  coagulation;  while  Dr.  J.  Davy*  and  Schroeder  van  der 
Kolk  deny  this  most  decidedly. 


CHAPTER  I. 

Microscopical,  Mechanical  and  Chemical  Examination  of  the 

BloodA 

The  parts  into  which  the  blood  first  divides  are,  the  red  particles 
and  the  liqvor  sanguinis.  This  last  is  found  to  consist  of  servnif 
and  fibrin  in  solution;  and  the  serum,  again,  is  composed  of  the 
coagutable  portion,  or  albumen^  which  is  held  in  solution  by  an 
alkali,  also  casein,  salivin,  osmazome  and  water,  with  salts  of  soda 
and  potash^  v\z,  lactate  of  soda  Siud  chlorides  of  potassium  and 
sodium.  Fatty  matter,  rarely  in  a  free  state  in  the  blood,  is  com- 
bined most  generally  with  the  fibrin,  colouring  matter  and  albumen 
of  this  fluid.  We  proceed  now  to  speak  of  these  several  principles, 
except  where,— as  in  the  case  of  fibrin,  in  a  great  measure,  and 
albumen,  osmazome  and  fatty  matter  entirely, — they  have  been  de- 
scribed under  the  head  of  General  Anatomy  in  the  First  Book. 

OP  THE  BED  PARTICLES. 

There  is  great  want  of  accordance  in  the  descriptions  which 
writers  have  hitherto  given  of  the  red  particles  of  the  blood.J  I 
shall  state  here  merely  the  results  of  my  own  observations.§ 

Mode  of  examining  the  red  particles. — For  the  purpose  of  mi- 

*  Tentamen  ex  peri  men  tale  de  Sanguine.  Edinb.  1814. — Meckers  Archiv.  i* 
117,  ii.  3I7,iii.  454,  45G. 

j"  From  original  researches.  See  Poggendorf's  Annal.  1832.  8.  Berzelius  is 
chiefly  followed  for  the  chemical  part. 

X  A  full  account  of  the  observationB  of  different  physiologists  will  be  found  in 
E.  H.  Weber*s  edition  of  Hildebrandt*8  Anatomie,  fid.  i.  and  in  Burdach^s  Hhy- 
siologie,  Bd.  iv.  The  best  observers  have  been  Muys,  Fontana,  Nouvi  Osserva- 
zioni  sopra  i  globetti  rossi  del  sangue,  Lucca,  1766. — Hewson,  Experimental 
Inquiries,  pt.  iii.  Lond,  1777. — Prevost  and  Dumas,  Biblioth.  Univers.  t.  xvii.-* 
Meckel,  Archiv.  t.  iii. — R.  Wagner,  zur  vergleichende  Physiologic  des  Blutett 
1834. 

$  The  most  important  facts  relative  to  the  form  and  properties  of  the  red  par- 
ticles of  the  blood  were  known  to  Hewson.  A  short  historical  account  of  the 
observations  of  different  physiologists  on  these  bodies  was  given  by  the  translator 
in  the  former  edition  of  Uiis  work. 
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croscopic  examination,  tiie  blood  must  not  be  diluted  with  water;  for 
this  fluid  has  the  property  of  immediately  changing  the  red  particles 
froOi  a  flattened  to  a  spherical  form,  and  of  rendering  circular  those 
which  were  elliptical.  The  blood  should  be  either  diffused  very 
thinly  over  the  surface  of  the  glass,  or  diluted  with  some  serum  or 
a  weak  solution  of  common  salt  or  sugar;  these  solutions  produce 
no -change  in  the  appearance  of  the  red  particles.  The  method  I 
adopt  in  examining  these  bodies  in  the  blood  of  the  frog  is,  to  place 
a  small  quantity  of  the  serum  of  the  blood  of  this  animal  on  the 
glass,  and  to  add  to  it  a  small  quantity  of  the  fresh  blood.  It  is 
doubtless  attributable  to  the  use  of  bad  instruments,  and  to  the  blood 
having  been  diluted  with  water,  that  the  descriptions  given  of  the 
red  particles  have  been  so  various. 

The  form  of  the  red  particles  in  different  animals  is  very  various; 
bot  whether  elliptical  or  circular,  they  are  always  flattened. 

In  mammalia,  except  in  the  dromedary  and  alpaco,  including  the 
human  subject,  they  are  circular  disks.  I  have  examined  them  in 
the  calf,  cat,  dog,  and  rabbit,  as  well  as  in  man;  and  am  convinced 
that  they  are  flattened  in  all  these  animals  as  well  as  in  birds,  reptiles, 
and  fishes.  In  these  and  in  amphibia,  they  are  elliptical.  In  some 
fishes  they  are  more  nearly  circular,  but  never  perfectly  so.*  In 
reptiles,  amphibia,  and  birds,  the  long  and  short  diameters  of  the 
red  particles  are  about  in  the  proportion  of  two  to  one. 

They  may  be  compared  to  a  piece  of  money  seen  edgeways;  but, 
in  proportion  to  their  long  diameter,  they  are  much  thicker  than  a 
piece  of  money.  In  human  blood  their  thickness  is  about  one-fourth 
or  one-fifth  of  their  transverse  diameter. 

The  flattening  is  greatest  in  reptiles,  amphibia,  and  fishes;  and  of 
all  animals  it  is  most  remarkable  in  the  salamander.  In  birds,  also, 
the  red  particles  are  decidedly  flattened;  but  not  to  so  great  a  degree 
as  in  amphibia. 

Central  spot. — In  the  centre  of  each  red  particle  is  a  spot,  which 
in  the  circular  bodies  is  circular,  in  the  elliptical  also  elliptical;  on  the 
illaminated  side  of  the  particle  it  appears  light,  on  the  opposite  side 
dark.  This  spot  has  sometimes — I  may  say,  indeed,  has  always  in 
the  elliptical  globules — the  appearance  of  being  produced  by  a  cen- 
tral nucleus,  especially  when  the  particle  is  brightly  illuminated,  and 
all  shadow  avoided. 

I  will  presently  detail  experiments  by  which  I  am  able  to  demon- 
strate the  existence  of  a  nucleus,  with  chemical  characters  perfectly 
different  from  those  of  the  outer  vesicle,  in  each  of  the  red  particles 
of  the  frog  and  salamander.  And  as  this  nucleus  has  under  the 
microscope  exactly  the  same  appearance  in  the  red  particles  of  birds 
and  fishes  as  in  those  of  amphibia,  it  would  be  expected  to  exist  in 

*  Radolphi  deseribes  the  red  particles  of  fishes  to  be  circular,  and  I  formerly 
tboasht  they  were  to  in  the  Clupea  alosa;  bai  it  was  before  1  was  acquainted  witii 
the  light  method  of  examining  them.  The  error  arose  probably  from  inaccurate 
obterration,  or  from  diluting  the  blood  with  water.  According  to  Prof.  Wagner's 
obtenratioD,  also,  the  blood  corpuscalee  of  fishes  are  in  some  instances  elliptical,  in 
ochsn  mora  nearly  elicular. 
13 
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those  of  mammalia  also.  And  although,  on  account  of  the  minute- 
ness of  these  bodies  in  mammalia,  it  is  more  difficult  to  demonstrate 
the  nucleus  in  them,  I  have  really  seen  it  distinctly  with  an  excellent 
microscope.  Even  in  the  red  particles  of  human  blood,  I  have  seea 
a  minute,  round,  accurately  defined  nucleus,  which  had  a  more  yel- 
lowish and  shining  aspect  than  the  transparent  part  around  it.  The 
existence  of  the  nucleus  here  can  also  be  demonstrated  by  the  actioa 
of  acetic  acid,  though  much  less  distinctly  than  in  the  case  of  frog's 
blood. 

The  size  of  the  red  particles  in  human  blood  is  pretty  uniform; 
some  few  are  larger  than  others,  but  none  have  twice  the  diameter 
of  the  majority.  In  the  frog,  also,  their  size  is  for  the  most  pert 
equal;  some,  however,  without  differing  in  any  other  respect,  ere 
somewhat  smaller  than  the  rest,  and  appear  to  be  in  the  process  of 
formation.  Prevost  and  Dumas  have  found  the  red  globules  in  the 
embryo  to  be  larger  than  those  of  the  adult  animal.  In  the  embryo 
of  the  rabbit  their  dimensions  are  very  unequal;  the  greater  number 
are  of  the  same  size  as  in  the  adult,  and  a  few  are  more  than  twice 
that  size.  In  the  tadpole  the  same  bodies  appear  to  be  somewbei^ 
smaller  than  in  the  frog,  and  are  much  paler. 

The  red  particles  of  amphibia  are  the  largest  that  I  am  acquainted 
with;  in  birds,  reptiles,  and  fishes,  they  are  of  less  size;  in  uaaMOr 
malia  smallest,  and  among  mammalia  those  of  the  goat  are  the  most 
minute,  as  Prevost  and  Dumas  correctly  observed.  In  the  calf  they 
are  rather  smaller  than  in  man.  The  red  panicles  of  frog's  biood 
being  taken  as  a  standard  of  comparison,  and  observed  under  the 
microscope  side  by  side  with  those  of  other  animals,  it  is  found  that 
those  of  birds  are  about  one-half  the  size  of  those  of  the  frog;  that 
the  red  particles  of  the  salamander  are  not  quite  one-third  larger 
than  those  of  the  frog,  and  are  rather  more  elongated:  the  blood 
particles  of  the  lizard,  compared  with  the  same  bodies  from  the  frog, 
are  found  to  be  about  two-thirds  the  size,  while  the  circular  particles 
of  human  blood  measure  only  one-fourth  tlie  long  diameter  of  the 
elliptical  particles  of  frog^s  blood.  The  red  particles  in  the  Proteus 
anguinus  are,  according  to  R.  Wagner,  larger  than  in  any  other 
known  animal;  they  are  twice  as  large  as  those  of  the  blood  of  the 
frog.  The  red  particles  in  man  I  have  found  to  measure  from 
0.00023  to  0.00035  of  a  French  inch,  ^vtj  to  ^^V^  of  an  Eqglish  inch 
in  diameter. 

Lymph  globules  in  the  blood, — In  the  blood  of  the  frog  as  oIh 
tained  from  the  heart  of  the  animal,  I  have  found  other  smaller 
bodies,  much  less  numerous  than  the  red  particles,  about  one-fourth 
their  size,  and  perfectly  spherical.  They  are  colourless  and  have  e 
granulated  surface.  In  the  blood  of  the  elephant  Prof.  C.  H.  Schulta^ 
found  corpuscules  of  several  different  forms;  namely,  globular  colour- 
less bodies  containing  each  a  large  nucleus,  other  bodies  slightly 
coloured,  with  one  side  flattened  and  the  other  rounded,  and,  lastly, 
intermediate  forms  between  these  and  the  completely  flattened  ani 

•  MuUer*8  Arcbiv.  1839,  p.  859. 
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led  blood  particles.  The  colourless  globules  in  the  blood  of  the  frog 
agree  in  every  respect  with  the  scanty  globules  of  the  lymph  of  the 
aame  animal,  which  will  be  described  in  the  chapter  on  the  lymph, 
and  are  evidently  identical  with  them,  being  received  into  the  blood 
with  the  lymph  and  chyle.  The  relation  in  which  these  lymph  glo- 
bules of  the  blood  stand  to  the  red  particles  will  be  considered  here- 
after. 

It  is  generally  believed  that  the  conversion  of  the  chyle  into  blood 
is  effected  very  quickly.  Such  may  certainly  be  the  case;  but  the 
difficulty  of  distinguishing  the  chylous  globules  in  the  blood,  is  suffi- 
ciently explained  by  their  being  diffused  among  the  more  numerous 
red  particles.  During  the  ordinary  coagulation  of  the  blood  of  man 
and  mammalia  generally,  the  chylous  globules  are  included  in  the 
crassamentum  with  the  much  more  numerous  red  particles,  and  the 
serum  is  left  transparent;  but  if  coagulation  is  retarded  by  the  addi- 
tion of  a  minute  proportion  of  carbonate  of  potash,  the  red  particles 
subside,  while  the  chylous  globules  being  lighter,  are  suspended  in 
the  upper  part  of  the  fluid,  rendering  it  milky. 

Different  action  ofserwn  and  water  on  the  coloured  envelope, — 
Sir  Everard  Home*  speaks  of  the  red  particles  undergoing  rapid 
decomposition;  this  is  quite  incorrect.  The  blood  of  a  mammifcrous 
animal  from  which  the  fibrin  has  been  removed  by  brisk  stirring, 
retains  all  the  appearance  of  fresh  blood,  and  the  red  particles  remain 
suspended  in  it,  with  no  change  of  their  form  or  size  discoverable 
by  the  best  microscope  after  the  lapse  of  several  hours,  or  even  on 
the  following  day.  But  if  water  is  added  to  such  a  mixture  of  the 
rod  particles  and  serum  of  the  blood  of  a  mammiferous  animal,  a 
part  of  the  colouring  matter  is  quickly  dissolved,  and  a  large  portion 
of  the  red  particles  sink  to  the  bottom  of  the  vessel. 

The  solubility  of  the  colouring  matter  in  water  enables  us  to  de- 
monstrate the  existence  of  a  nucleus  in  each  of  the  red  particles. 
For  this  purpose  a  watch-glass  should  be  filled  with  a  mixture  of 
the  blood  and  water,  and  after  waiting  a  short  time  for  the  particles 
to  subside,  the  whole  should  be  immbrsed  in  a  large  glass  vessel 
partly  filled  with  water,  taking  care  not  to  disturb  the  sediment  in 
the  watch-glass.  After  standing  for  eighteen  or  twenty-four  hours, 
the  red  deposit  will  have  become  white;  and,  if  some  of  it  be  ex- 
amined with  a  microscope,  the  elliptical  red  particles  will  no  longer 
be  seen,  but  in  their  place  a  great  number  of  small  bodies,  not  more 
than  a  fourth  the  size  of  the  original  red  particles,  and  for  the  most 
part  roundish  in  form,  a  few  only  being  oval.  If  the  sediment  is 
examined  at  intervals  during  the  period  mentioned,  it  will  be  quite 
apparent  that,  in  proportion  as  the  water  becomes  tinged  with  the 
colouring  matter,  the  elliptical  particles  lose  their  red  envelope  and 
become  smaller  and  smaller  until  the  colourless  nuclei  merely  remain. 
These  nuclei  are  not  further  soluble  in  water,  but  form  at  length  a 
mucous  matter  at  the  bottom  of  the  glass,  still  consisting  of  the  same 
granules.    The  nuclei  of  the  red  particles  cannot  be  demonstrated 

*  Philosophical  Transactions,  1818. 
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in  this  manner  in  human  blood  on  account  of  their  minuteness;  but 
from  analogy  it  is  probable  that,  when  human  blood  is  treated  in 
the  same  way,  the  nuclei  of  its  red  particles  also  remain  undissolved, 
but  are  suspended  in  the  water.  When  the  blood  of  mammalia 
coagulates,  the  red  particles  are  included  in  the  clot;  and  when  the 
red  colouring,  matter  is  extracted  by  washing  in  water,  the  nuclei 
may  still  remain  in  the  fibrinous  mass,  or  they  may  be  separated 
from  it,  becoming  suspended  in  the  water,  but  they  are  not  dissolved. 
Water,  as  Berzelius  remarks,  dissolves  the  colouring  matter  of  the 
blood  corpuscules  in  all  proportions.  Prevost  and  Dumas  had  denied 
this;  but  the  experiment  just  described,  particularly  when  performed 
with  frog's  blood,  proves  beyond  doubt  that  the  colouring  matter  is 
really  dissolved,  and  not  merely  suspended  in  minute  particles  in  the 
water. 

Berzelius  seems  to  attribute  the  insolubility  of  the  colouring  mat« 
ter  in  serum,  to  the  albumen  which  this  fluid  contains.  But  I  cannot 
think  that  this  is  the  sole  cause,  and  believe  this  property  of  the  serum 
to  be  chiefly  owing  to  the  salts  which  enter  into  its  composition:  for 
when  I  added  to  a  small  quantity  of  the  frog's  blood  under  the  mi- 
croscope a  solution  of  yolk  of  egg,  the  change  in  the  red  particles 
from  the  flattened  to  the  spherical  form  took  place  as  rapidly  as  when 
I  added  pure  water;  but  when,  in  place  of  the  solution  of  yolk  of 
egg,  I  added  a  watery  solution  of  any  salt  which  produces  no 
chemical  change  in  the  blood,  such  as  carbonate  of  potash,  or  com- 
mon salt,  the  form  and  size  of  the  red  particles  were  not  in  the 
slightest  degree  altered. 

Effects  of  different  re-agents  on  the  red  particles. — The  nature 
of  the  red  particles  of  the  blood  is  much  elucidated  by  the  changes 
produced  in  them  by  the  action  of  various  fluids.  To  watch  these 
changes  a  good  compound  microscope  is  required,  and  the  blood  of 
the  frog  or  salamander  must  be  employed.  A  drop  of  the  frog's 
blood  freed  from  the  fibrin,  and  a  drop  of  any  fluid  of  which  we  de- 
sire to  try  the  eflect,  should  be  placed  side  by  side  upon  a  plate  of 
glass,  and  the  two  drops  made  to  unite,  the  eflects  produced  at  the 
moment  that  they  become  mixed  being  watched  by  means  of  the 
microscope;  or  the  red  particles  may  be  first  examined  separately, 
and  again  after  the  re-agent  has  been  added.  This  is  the  method  I 
have  constantly  adopted  in  the  following  experiments. 

Water. — The  instantaneous  eflect  of  water  on  the  red  particles  is 
very  remarkable.  Those  of  human  blood  become  indistinct;  the 
further  changes  that  they  sufier  cannot  be  distinguished  with  accu- 
racy, on  account  of  their  minute  size:  I  think,  however,  that  they 
are  rendered  globular:  for,  while  they  were  floating  about  under  the 
microscope,  I  could  perceive  none  with  a  sharp  border.  But  in  the 
blood  of  the  frog  every  change  is  distinctly  seen;  the  elliptical  bodies 
immediately  become  globular,  no  longer  presenting  a  sharp  edge  to 
the  eye  as  they  roll  over  in  the  fluid.  Whether  they  are  enlarged  at 
the  same  time,  I  cannot  determine;  their  diameter  is  now  interme- 
diate between  the  long  and  short  diameter  of  the  ellipsis  which  they 
before  presented.    Many  appear  unequal  in  size,  are  uneven  on  the 


ACTION  OF  DrrFSHXRT  CHEMICAL  AOElTrS  ON  THEM.  149 

nirface,  and  of  irregular  form;  the  majority  are  globular,  but  not 
accurately  so.  In  several  the  nucleus  is  displaced, — is  no  longer  at 
the  centre,  but  at  the  side;  in  a  few  it  is  wholly  wantmg;  in  these  it 
seems  as  if  the  violent  change  produced  in  them  by  the  water  had 
caused  the  expulsion  of  the  nucleus;  for,  besides  these  globules  which 
have  lost  their  nuclei,  a  few  nuclei  without  envelopes  can  also  be 
seen  strewed  over  the  field  of  the  microscope.  These  free  nuclei  are 
distinguished  from  the  smaller  globular  or  chylous  particles  of  the 
frog's  blood,  already  described,  by  their  elliptical  form.  More  water 
being  added,  the  red  particles  gradually  diminish  in  size,  dissolving 
away,  till  at  length  nothing  but  the  insoluble  nuclei  remain.  Water 
in  which  carbonate  of  potash,  common  salt,  sal  ammoniac,  or  sugar 
has  been  dissolved,  produces  no  change  in  the  size  and  form  of  tho 
globules,  unless  the  solution  of  carbonate  of  potash  is  saturated,  when 
it  seems  to  produce  a  slight  and  gradual  diminution  of  their  size. 

Jleetic  acid, — If,  instead  of  water,  dilute  or  concentrated  acetic 
acid  is  nsed,  the  elliptical  particles  immediately  become  irregular  in 
form,  and  some  are  rendered  globular.  The  red  colounng  matter  is 
in  a  few  minutes  almost  entirely  dissolved,  leaving  small  bodies  not 
more  than  one-third  or  one-fourth  the  diameter  of  the  original  red 
particles.  These  are  not  globules  contracted  by  the  action  of  the 
acid,  but  nuclei  deprived  of  the  red  colouring  matter.  By  means  of 
acetic  acid,  the  extremely  minute  nuclei  of  the  red  particles  of  the 
blood  of  mammalia  can  be  rendered  visible;  but  the  most  careful 
manipulation,  and  a  very  good  microscope,  are  required  for  the  ob- 
servation. 

If  the  blood  of  the  frog  freed  from  fibrin  is  mixed  in  some  quantity 
with  acetic  acid,  the  same  change  in  the  globules  takes  place;  but 
we  also  observe  that  the  nuclei  subside  in  the  form  of  a  light  brown 
powder,  which,  after  the  lapse  of  several  days,  remains  undissolved, 
and  which  is  found  even  at  a  later  period,  if  examined  by  the  mi- 
croscope, to  consist  of  the  unaltered  nuclei  of  the  red  particles.  Fibrin 
and  albumen  are  not  rendered  brown  by  the  action  of  acetic  acid;  on 
the  contrary,  it  renders  them  transparent,  and  by  degrees  in  part  dis- 
solves them.  The  brown  colour  of  the  deposit,  therefore,  seems  to 
depend  on  some  of  the  colouring  matter  which  still  adheres  to  the 
nnclei,  and  is  perhaps  chemically  changed;  for  the  nuclei  obtained 
by  subjecting  the  red  particles  to  the  action  of  a  large  quantity  of 
water  are  white,  and  remain  so  when  acetic  acid  is  poured  over 
them.  The  acid  used  in  these  experiments  was  ascertained  to  be 
pure,  and  was  somewhat  more  concentrated  than  the  acetic  acid  of 
the  Prussian  pharmacopcsia. 

Muriatic  acid  does  not  dissolve  all  the  colouring  envelope;  it 
diminishes  the  size  of  the  red  particles  very  slightly.  Chlorine  de- 
stroys the  colour;  the  frog's  blood  becomes  first  brown,  afterwards 
nearly  white,  like  milk,  the  albumen  coagulating  into  globular  gra- 
nules. If  this  white  matter  is  examined  by  the  aid  of  a  microscope, 
the  form  of  the  elliptical  particles  of  the  blood  can  still  be  distin- 
guished in  it,  but  they  are  somewhat  smaller. 

13» 
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The  form  of  the  red  particles  is  not  affected  by  oxygen  or  carbonic 
acid. 

Liquor  potassae  dissolves  the  red  particles  very  quickly, — the  nu- 
clei as  well  as  the  colouring  envelope, — without  previously  changing 
their  form.  Their  solution  is  effected  still  more  rapidly  by  liquor 
ammoniss^  and  is  also  complete;  but  at  the  moment  of  mixture  the 
red  particles  become  globular.  •Alcohol  causes  merely  slight  con- 
traction of  them;  and  the  globules  of  albumen,  produced  by  the 
coagulation  of  the  serum,  cloud  the  field  of  vision  and  render  the 
red  particles  indistinct.  Strychnia  and  morphia  produce  no  change 
in  them. 

The  size  and  form  of  the  red  particles  are  the  same  in  arterial 
and  venous  blood.  This  is  contrary  to  the  statement  of  the  other- 
wise accurate  Ealtenbrunner,  who  describes  them  as  increasing  some- 
what in  size,  and  losing  their  defined  border,  which  is  dissolved 
away,  as  it  were,  in  their  passage  through  the  capillaries. 

The  blood  of  invertebrate  animals  has  floating  in  it  bodies  analo- 
gous to  the  red  particles  of  the  blood  of  vertebrata,  but  proportion- 
ally much  less  numerous.  The  form  as  well  as  the  size  of  these 
bodies  is  very  various.  The  action  of  acetic  acid  renders  the  pre- 
sence of  a  granular  nucleus  in  their  interior  very  evident,  though, 
without  the  aid  of  this  re-agent,  the  nucleus  is  sometimes  visible. 
It  is  most  probable  that  the  blood  particles  of  all  animals  have 
nuclei. 

Chemical  Analysis  of  the  Bed  Particles. 

The  nuclei. — No  complete  chemical  analysis  of  the  nuclei  of  the 
red  particles  has  hitherto  been  made,  on  account  of  the  difficulty  of 
obtaining  these  bodies  in  sufficient  quantity.  The  red  particles 
being  large  in  frog's  blood,  the  nuclei  can  be  easily  obtained  free 
from  their  envelope  by  the  method  already  described.  They  are 
insoluble  in  water,  and  in  acetic  acid  they  remain  several  days  with- 
out undergoing  any  change;  while  they  are  soluble  in  a  solution  of 
alkali — of  soda  and  potash,  as  well  as  of  ammonia.  In  these  cha- 
racters they  resembled  coagulated  fibrin  and  albumen,  but  the  latter 
substances  are  more  soluble  in  acetic  acid. 

The  chemical  properties  of  the  envelope  of  the  blood  particles  also 
are  but  little  known.  It  is  impregnated  with  the  red  colouring 
matter,  which  is  readily,  and  in  all  proportions,  soluble  in  water. 
Acetic  acid  does  not  completely  dissolve  the  envelope,  but  leaves  a 
delicate  pellicle  around  the  nuclei.    (See  page  148.) 

The  colouring  matter  of  the  red  particles,  the  fibrin  dissolved  in 
the  blood,  and  the  serum  from  which  the  fibrin  has  separated,  are 
susceptible  of  a  more  complete  analysis. 

The  colouring  matter^  hsematiny  cruorin. — Berzelius  has  ana- 
lysed cruorin  in  three  states: — 

1st.  As  it  exists  in  the  red  particles;  2d.  dissolved  in  water;  dd.  in 
the  coagulated  state,  in  which  it  is  insoluble  in  water. 

1.  The  colouring  matter  in  its  natural  state  has  a  great  affinity  for 
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oxygeni  uniting  with  it,  and  becoming  of  a  brighter  colour  whenever 
it  comes  into  contact  with  it  or  with  atmospheric  air.  Carbonic  acid 
is  at  the  same  time  developed;  this  was  the  result  of  the  experiments 
of  Berthold,  and  of  those  of  Christison  and  myself.  If  a  stream  of 
oxygen  is  passed  through  blood  from  which  the  fibrin  has  been  re- 
moved, the  fluid  becomes  throughout  of  a  bright  red  colour.  The 
same  change  is  effected  on  the  surface  of  blood  thus  prepared,  as 
well  as  of  freshly  drawn  blood,  by  mere  exposure  to  air.  By  long 
contact  with  oxygen  the  colouring  matter  becomes  black,  (owing, 
perhaps,  to  the  carbonic  acid  formed  having  united  with  it,)  and  the 
bright  red  colour  cannot  then  be  restored.  Carbonic  acid,  sulphurous 
acid,  and  the  acids  generally,  change  the  colour  of  the  blood  to  a 
dark  brown.  Blood  from  which  the  fibrin  has  been  removed,  absorbs 
nitrons  oxide  in  large  quantity,  and  becomes  of  a  purple  red  colour; 
bnt  its  natural  colour  is  restored  by  transmitting  through  it  a  stream 
of  atmospheric  air.  Carburetted  hydrogen  also  is  said  to  communi- 
cate a  brighter  colour  to  dark  blood.  Several  salts — for  example, 
common  salt,  nitre,  and  sulphate  of  soda — have  the  same  efiect* 
Scbroeder  van  der  Kolk  observed  that  bright  red  spots  were  produced 
on  the  surface  of  venous  blood  by  the  electric  spark. 

The  colouring  matter  is  dissolved  by  water  in  all  proportions.  It 
is  obtained  in  the  state  of  solution  by  washing  the  crassamentum; 
but  as  we  cannot  avoid  removing  the  nuclei  at  the  same  time,  these 
bodies  suspended  in  the  fluid  necessarily  enter  into  its  analysis. 

2.  Tht  solution  of  cruorin  is  reddened  less  strongly  than  blood 
by  exposure  to  air.  By  evaporating  it  at  a  temperature  of  122^ 
Fahr.  a  blackish  mass  is  obtained  which  can  be  rubbed  to  a  dark 
red  powder,  and  is  then  again  soluble  in  water.  At  158^  Fahr.  the 
colouring  matter  in  the  watery  solution  coagulates,  and  is  then  in- 
soluble. Alcohol  and  the  mineral  acids  also  coagulate  it;  and  the 
addition  of  an  alkali  to  its  solution  in  acetic  acid,  or  of  an  acid  to  its 
solution  in  an  alkali,  Hkewise  precipitates  it  in  a  coagulated  state. 
Of  the  precipitates  thrown  down  by  the  salts  of  earth  and  metallic 
oxides,  some  are  brown;  others  are  black,  and  others  red.t 

3.  In  the  coagulated  state  produced  by  a  heat  of  158^  Fahr.,  the 
ooionring  matter  is  red  and  granular;  when  dried  by  heat,  it  becomes 
black.  The  long  action  of  boiling  water  changes  the  red  colouring 
matter,  just  as  it  does  fibrin.  Acids  also  form  with  coagulated 
cruorin,  as  with  fibrin,  neutral  combinations,  soluble  in  pure  water; 
those  formed  with  cruorin  being  of  a  dark  brown  colour.  The  co- 
agulated cruorin  is  soluble  in  alkalies  also.  It  is  precipitated  from 
its  solutions  in  alkalies  and  acids  by  tannin.  Tiedemann  and  Gmelin 
have  discovered  that  it  is  slowly  soluble  in  alcohol,  giving  this  fluid 
a  dark  red  colour.  It  may,  therefore,  be  separated  from  the  albumen 
which  it  contains,  by  means  of  alcohol,  in  which  the  albumen  is  in- 
soluble. Lecanu,  on  this  account,  regarded  the  substance  forming 
the  pellicle  of  the  red  particles,— the  haematosine, — as  a  compound 

*  Beraelias,  loe.  eit  p.  48.    See  also  Dr.  Barrows's  Croonian  Lectures.    Med. 
Gasette,  1834. 
t  Befielios,loe.  cit.  pp.  50, 51. 
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of  the  true  colouring  matter  which  he  calls  globulin,  and  albumen. 
There  is,  however,  no  reason  for  this  supposition;  for  the  albumen 
may  be  derived  from  some  serum,  or  from  the  nuclei  of  the  red  par- 
ticles, separated  with  the  colouring  matter  from  the  clot  during  its 
ablution.  *  Michaelis  gives  the  following  as  the  result  of  bis  SLnaljm 
of  this  substance: — 

In  Arterial  Blood.  In  Venons  Blood. 

Nitrogen,        .  .        17-S53        .  .        17-393 

Carbon,  .        .        .        51*383        .  .        53-231 

Hydrogen,      .        .        .  8-354        .  .  7-711 

Oxygen,         .        .        .        23-011        .  .        21-666 

100*  100- 

From  this  it  appears,  that  the  elementary  composition  of  the 
colouring  matter  agrees  with  that  of  fibrin.  The  ashes,  however, 
left  by  the  former  substance,  when  calcined,  are  in  larger  quantity 
than  that  obtained  from  fibrin,  abd  contain  a  considerable  proportion 
of  iron.  The  assertion  of  Brande  and  Vauquelin,  that  the  colouring 
matter  does  not  contain  a  larger  proportion  of  iron  than  -the  seram 
and  other  animal  substances,  has  been  proved  by  Berzelius  and 
Engelhardt  to  be  incorrect.  OehlenschlSgert  also  discovered  iron  in 
the  blood  of  puppies  which  had  not  yet  sucked.  Iron  is  therefore 
not  an  accidental  ingredient  derived  from  the  food.  The  ashes  of 
the  colouring  matter  are  always  alkaline,  and  of  a  red  brown  coloui; 
and,  according  to  Berzelius,  in  human  as  well  as  in  bullock's  blood 
amount  to  H  or  1^  per  cent  of  the  weight  of  the  dried  colouring 
matter.  In  the  colouring  matter  of  calPs  blood  it  amounts,  accord- 
ing to  Michaelis,  to  2-2  per  cent.  Berzelius,  in  the  analysis  of  1*3 
part  of  ashes,  obtained  from  100  parts  of  dried  colouring  matter, 
found 

Carb.  soda,  with  tmoes  of  phoe.  loda. 0*3 

Phosphate  of  lime,  •....••.  0*1 

Pure  lime, 0-2 

Subphosphate  of  iron, 0*1 

Oxide  of  iron, 0*5 

Carbonic  acid,  and  Iom,  ........  0*1 

1*3 

In  another  experiment  Berzelius  obtained  from  400  grains  of  dried 
colouring  matter,  five  grains  of  ashes,  which  were  composed  of 

Oxide  of  iron, 50*0 

Subphosphate  of  iron,     . 7*5 

Phosphate  of  lime,  with  a  small  quantity  of  phosp.  magnet.    .  6*0 

Pure  lime,      ....        * 20-0 

Carbonic  acid,  and  loes, .  16*5 

100*0 

The  average  result  of  Berzelius's  experiments  is,  that  the  colour- 
ing matter  contains  rather  more  than  one-half  per  cent,  of  its  weight 
of  metallic  iron.    According  to  Lecanu,j:  the  ashes  of  the  red  pure 

*  Lecana,  in  Poffgendorf 's  Annal.  1832,  ir.  550. 
i  Kastner,  Archiv.  1831,  Sept  Oct.  p.  317. 

^  Etudes  Chimiqnes  sur  le  sang  humain,  Paris,  1837,  as  quoted  by  Valentiii, 
Repertor.  1838,  p.  230. 
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colouring  matter  obtained  by  his  new  process  from  human  blood, 
contain  10  per  cent,  of  oxide  of  iron.  Few  persons  have  hitherto 
found  manganese  in  the  blood.  In  two  grammes*  of  blood-ashes, 
Wurzert  found  0*108  of  oxide  of  iron,  and  0*034  of  oxide  of  manga- 
nese. 

State  in  tchich  iron  exists  in  blood, — Menghini  asserts  that  blood 
dried  and  powdered  is  affected  by  the  magnet,  by  virtue  of-  the  iron 
which  it  contains;  while,  according  to  Sir  C.  Scudamore,  the  red 
colouring  matter,  when  calcined,  is  not  so  affected.  None  of  the 
common  and  most  delicate  tests  for  oxide  of  iron, — as  ferrocyanate 
of  potash,  tannin,  gallic  acid,  and  the  strongest  mineral  acids,-— 
detect  the  slightest  traces  of  iron  or  phosphate  of  lime  in  the  colour- 
ing matter  before  it  is  calcined:  it  appears,  therefore,  that  the  iron 
and  calcium  of  the  blood  are  not  in  the  state  of  salts.  The  assertion 
of  Fourcroy,  that  the  colouring  matter  is  a  solution  of  subphosphate 
of  the  peroxide  of  iron  in  albumen,  and  that  the  iron  contained  in 
the  chyle  is  neutral  phosphate  of  the  protoxide  of  iron,  is  proved  by 
the  experiments  of  Berzelius  to  be  incorrect;  for  the  subphosphate  of 
the  peroxide  of  iron  is  insoluble  in  serum  and  in  albumen,  whether 
with  or  without  the  addition  of  an  alkali.  The  opinion  of  MM. 
Prevost  and  Dumas,  that  the  colouring  matter  is  albumen  contain- 
ing peroxide  of  iron  in  solution,  appears  to  be  also  incorrect;  for  the 
mineral  acids  and  aqua  regia  should  extract  the  iron  from  the  uncal- 
dned  colouring  matter:^  if  such  were  its  constitution. 

£ngelhardt§  has  made  some  important  discoveries  relative  to  the 
share  of  the  iron  in  producing  the  red  colour.  He  first  showed 
that  a  solution  of  the  colouring  matter  of  the  blood  in  water,  when 
impregnated  with  sulphuretted  hydrogen,  after  a  time  loses  its 
colour,  becoming  first  violet,  then  green.  This  is  exactly  the  effect 
which  the  same  gas  has  on  iron;  and  the  experiment  therefore 
seems  to  proVe  that  this  metal  contributes  to  the  production  of  the 
red  colour.  Engelhardt  also  found  that  all  the  iron,  magnesium,  and 
phosphorus,  can  be  extracted  from  the  watery  solution  of  colouring 
matter,  or  from  the  coagulated  colouring  matter  suspended  in  water, 
by  passing  a  stream  of  chlorine  through  the  fluid,  or  by  mixing  it 
witii  a  solution  of  chlorine  in  water.  The  solution  of  colouring  matter 
becomes  at  first  greenish,  and  then  quite  colourless;  the  animal  mat- 
ter is  precipitated  in  white  flocculi  combined  with  chlorine  or  hydro- 
chloric acid;  while  the  iron,  calcium,  magnesium,  and  phosphorus 
remain  in  the  solution,  combined  either  with  oxygen  or  with  chlo- 
rine,— the  iron,  for  example,  in  the  state  of  chloride  of  iron,  the 
phosphorus  as  phosphoric  acid, — and  may  be  separated  from  it  by 
filtration.  The  precipitated  animal  matter  yields  no  ashes  by  calci- 
nation. Now  chlorine  has  no  affinity  for  oxides,  but  has  a  very 
strong  afiinity  for  metals.    Moreover,  iron  is  not  extracted  from  the 

» 

*  A  gramme  eijpals  15*438  ^ains  avoirdapois. 
f  Scnweigger,  Joarxi.  Iriii.  p.  481. 
t  Berzelius,  loc.  eit.  p.  58. — French  translation,  p.  61. 
S  Da  vera  msteris  saDguini  purpurea m  colorem  impertientis  natura.  Gottingen, 
1835. 
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blood  by  muriatic  and  other  mineral  acids,  which  have  a  gireat 
affinity  for  metallic  oxides,  but  none  for  the  metals  themselves. 
Hence  Berzelius  considered  it  more  probable  that  the  iron  in  the 
blood  is  in  the  metallic  state,  not  in  the  state  of  an  oxide,  although 
there  is  no  analogous  instance  known  of  a  quinary  combination  of  a 
metal  with  nitrogen,  carbon,  hydrogen,  and  oxygen. 

M.  Rose*  has  lately  adduced  new  facts  in  support  of  the  opinion, 
that  the  iron  contained  in  the  blood  is  in  the  condition  of  an  oxide. 
Rose  repeated  Engelhardt's  experiment.  By  filtering  the  fluid  after 
the  change  effected  by  the  chlorine,  and  afler  the  precipitation  of  the 
animal  matter,  he  was  able  to  separate  the  iron,  while  if,  instead  of 
filtering,  he  added  to  the  fluid  an  excess  of  ammonia,  all  the  pre- 
cipitate was  again  dissolved  and  a  dark  red  colour  produced,  and  no 
iron  was  thrown  down.  Rose  then  mixed  a  solution  of  colouring 
matter  with  a  certain  quantity  of  a  persalt  of  iron,  and  added  am- 
monia in  excess,  when  the  peroxide  of  iron  remained  in  solution, 
and  could  be  separated  neither  by  sulphuretted  hydrogen  nor  tincture 
of  galls.  Rose  found,  moreover,  that  when  a  persalt  of  iron  is  mixed 
in  small  quantity  with  a  solution  of  many  fixed  organic  substances, 
such  as  sugar,  gum,  starch,  sugar  of  milk,  and  gelatine,  the  peroxide 
cannot  be  precipitated  from  the  fluid  by  alkalies.  These  experiments 
are  certainly  in  favour  of  the  supposition,  that  the  iron  in  the  colour- 
ing matter  of  the  blood  is  in  the  state  of  an  oxide  combined  with 
animal  matter.  Berzelius,  however,  is  of  opinion  that  the  kind  of 
combination  which  in  the  experiments  of  Rose  retains  the  oxide  of 
iron  dissolved  in  the  albumen  or  colouring  matter,  is  not  that  by 
which  it  exists  naturally  in  the  colouring  matter  of  the  blood;  be- 
cause, were  that  the  case,  the  iron  would  be  extracted  from  the 
latter  by  acids,  as  it  is  from  such  artificial  compounds  of  colouring 
matter  or  serum  with  peroxide  or  protoxide  of  iron.  When  a 
mineral  acid  is  added  to  such  an  artificial  compound,  the  colouring 
matter  or  albumen  is  precipitated,  and  the  oxide  dissolved  in  the 
acid. 

Berzelius  believes,  therefore,  that  the  iron  in  the  colouring  matter 
is  in  the  metallic  state  << organically"  combined  with  nitrogen,  carbon, 
hydrogen,  and  oxygen,  together  with  a  small  quantity  of  phosphorus, 
calcium,  and  magnesium;  and  that  by  calcination  of  the  colouring 
matter  its  elements  are  oxidised,  so  as  to  ^orm  phosphoric  acid,  lime, 
magnesia,  and  peroxide  of  iron.  The  state  of  the  iron  in  the  chyle 
seems  also  to  favour  this  view;  for  it  must  there  be  in  quite  a  different 
state, — ^namely,  in  the  state  of  peroxide, — since  Emmertt  has  found 
that  it  is  extracted  by  nitric  acid;  and  forms  then  with  tincture  of 
galls  a  black,  with  ferrocyanate  of  potash  a  blue,  precipitate. 

Meanwhile  Gmelinit  opposes  the  view  which  attributes  the  red 
colour  of  the  blood  principally  to  the  iron,  though  he  does  not  deny 
that  iron  in  the  metallic  state  is  combined  with  nitrogen,  carbon, 
oxygen,  and  hydrogen,  in  the  colouring  matter. 

*  Po^gendorf' 8  Ann.  Tii.  81.  f  Reil,  Archir.  8. 

%  Gmelin,  Chemie,  It.  1169. 
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Treviranus  has  oflfered  a  peculiar  view  of  the  condition  of  the  iron 
in  the  blood.  He  supposes  that  the  substance^  called  by  Wiuterli — 
who  procured  it  by  carbonising  blood  with  potash, — sanguineous 
acidy  combined  with  iroui  is  the  cause  of  the  red  colour  of  the  blood. 

Hermbstaedty*  recently,  from  observing  that  sulphuretted  hydro^ 
gen  is  developed  during  the  putrefaction  of  blood  and  albumen,  as 
well  as  from  several  experiments,  has  been  led  to  the  conclusion  that 
sulphur  is  a  colouring  ingredient  in  the  blood.  His  explanation  is^ 
however^  devoid  of  ail  probability. 

0/  the  liquor  sanguinis, , 

The  liquor  sanguinis^— the  fluid  portion  of  the  blood  in  which 
the  red  particles  float  during  life, — separates,  when  coagulation  takes 
place,  into  two  parts, — the  serunif  and  the  fibrin  which  was  pre> 
viously  in  solution.  The  fibrin  coagulating  encloses  within  it  the 
red  particles.  The  serum  still  retains  the  albumen  in  solution.  We 
shall  treat  first  of  the  fibrin. 

1.  Of  the  state  in  which  fibrin  isfimnd  in  the  blood. 

Conflicting  opinions  have  been  held  respecting  the  relation  of  the 
fibrin  to  the  red  globules,  and  its  solution  in  the  fluid  part  of  the 
blood.  Sir  Everard  Home,  and  Prevost  and  Dumas,  caused  phy- 
siology to  retrograde  when  they  taught  that  the  coagulation  of  the 
blood  resulted  from  the  aggregation  of  the  red  particles,  and  that 
these  latter  are  merely  globules  of  fibrin  in  an  envelope  of  red 
colouring  matter.  Hewson  long  ago  showed  the  real  state  of  fibrin 
to  be  that  of  solution  in  the  fluid  part  of  the  blood.t  Berzelius  sub- 
sequently observing  that  the  lymph  contains  fibrin  in  solution,  con- 
jectured that  the  blood  also  must  contain  this  latter  in  that  state;  and 
hence  be  suggested  that  the  clot  was  formed  by  the  fibrin  coagulating 
and  enclosing  the  red  particles.  I  have  satisfied  myself  by  experi- 
ments that  this  is  a  correct  view  of  the  case,  and  that  fibrin  as  well 
as  albumen,  is  really  dissolved  in  the  liquor  sanguinis.  After  other 
experiments,  I  had  recourse  to  the  following  unquestionable  mode 
of  demonstrating  this  fact.  Knowing  that  the  red  particles  of  frog's 
blood  are  four  times  the  size  of  those  bodies  in  the  blood  of  mam- 
malia, I  conjectured  that,  although  the  red  particles  of  the  latter 
animals  pass  through  filter  paper,  those  of  the  frog  might  not;  and 
I  found  this  opinion  correct.  Thus,  as  generally  happens,  the  most 
nmple  means  was  the  last  thought  of.    I  am  now  enabled  to  show 

*  Sehweii^ger's  Jonm.  1833,  r.  and  vi.  314. 

f  In  Englud  this  has  been  not  merely  the  opinion  of  indiTidoals,  hot,  before 
pbjaiologiata  were  led  aatray  bj  the  incorrect  observationa  of  Sir  Everard  Home 
and  MM.  Prevoat  and  Dumaa,  waa  the  one  generally  held  and  taught  in  the  schoola. 
-  See  Hewaon*8  Eiperiinental  Inqpiriea,  part  i. ^Munm.^ H a nter*8  Treatise  on  the 
Blood,  p.  16  el  iequeni^  (Mr,  Falmer'a  ediuon.)— Dr.  Gordon'a  Outlines  of 
Lectures  on  Haman  Phjaiology,  1817,  p.  60,-^aDd  the  translator's  note  at  page 
1 10  of  the  former  editioa  of  this  work. 
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at  lecture  by  an  easy  experiment,  that  fibrin  is  held  in  solution  in 
the  blood;  that  it  passes  limpid  through  the  filter,  and  then  coagulates. 
The  experiment  can  bemade  on  quite  a  small  scale  with  the  blood 
of  a  single  frog;  a  small  glass  funnel  and  a  filter  of  common  white 
filtering  paper,  or  not  very  thick  printing  paper,  being  all  the  appa- 
ratus required.  The  filter  must,  of  course,  be  previously  moistened; 
and  it  is  better  to  add  some  water  to  the  blood  as  soon  as  the  latter 
is  poured  into  the  filter.  What  then  passes  through  is  a  perfectly 
clear  serous  fluid  diluted  with  water,  and  merely  tinged  in  the 
slightest  degree  by  the  red  colouring  matter,  which  in  frog's  blood 
is  not  rapidly  dissolved.  Sometimes  it  is  quite  colouriess.  Of  course, 
all  the  fibrin  of  the  blood  is  not  separated  by  this  process;  the 
greater  part  of  it  coagulates  before  it  can  pass  through  the  filter. 
To  find  the  paper  best  adapted  for  the  filter,  some  trials  must  be 
made  with  different  kinds.  If  the  paper  is  too  thin,  some  few  red 
particles  pass  through  it  with  the  fluid,  and  will  afterwards  be  seen 
here  and  there  in  the  coagulum.  If  the  paper  is  of  the  proper  thick- 
ness, the  coagulum  will  not  contain  a  single  red  particle. 

There  is  still  another  mode  of  proving  that  fibrin  exists  dissolved 
not  only  in  the  blood  of  the  frog,  but  also  in  that  of  mammttlia.  By 
adding  to  the  blood  of  man  or  any  vertebrate  animal  some  drops  of 
a  very  concentrated  solution  of  carbonate  of  potash,  coagulation  is 
retarded,  so  that  the  red  particles  have  time  to  subside.  In  the  space 
of  half  an  hour  a  soft  coagulum  forms,  of  which  the  lower  part  con- 
taining the  red  particles  is  red,  while  the  upper  is  white.  This  ex- 
periment was  performed  by  Mr.  Hewson. 

Proportion  of  fibrin  in  the  blood. — We  are  indebted  to  MM. 
Pre  vest  and  Dumas  for  an  attempt  to  calculate  the  amount  of  the 
red  particles  in  the  blood  of  diflerent  animals,  from  the  weight  of 
the  crassamentum  when  dried.  But,  as  Berzelius  has  remarked, 
the  result  of  such  calculations  can  never  be  exact;  because  the  cras- 
samentum contain^  a  large  quantity  of  serum,  the  albumen  and  salts 
of  which  must  be  left  behind  during  desiccation;  and  if  the  coagulum 
were  washed,  not  only  the  serum,  but  the  red  colouring  matter  also 
would  be  removed.  It  must  likewise  be  remembered,  that  Prevost 
and  Dumas  consider  the  fibrin  to  be  wholly  derived  from  the  red 
particles,  so  that  what  they  speak  of  as  the  amount  of  red  particles, 
must  be  regarded  as  the  sum  of  the  red  particles  and  fibrin  together. 
With  this  correction,  their  numerous  calculations  of  the  proportional 
weight  of  the  diflerent  component  parts  of  the  blood  are  of  value. 
The  same  remarks  apply  also  to  the  otherwise  excellent  researches 
of  Lecanu,  with  regard  to  the  quantity  of  the  red  particles  in  the  dif- 
ferent temperaments  and  sexes. 

To  determine  the  quantity  of  fibrin  in  the  blood  of  diflerent  ani- 
mals and  in  diflerent  diseases,  new  experiments  are  required.  The 
best  mode  of  ascertaining  the  quantity  of  fibrin  is  by  briskly  stirring 
the  blood  with  a  rod  or  bunch  of  twigs,  when  the  fibrin  separates  in 
the  form  of  a  colourless  or  nearly  colourless  coagulum,  and  leaves  the 
blood  of  its  natural  colour;  the  red  particles  floating  in  it  having 
undergone  no  change,  provided  that  water  had  not  been  added. 
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This  is  the  only  method  by  which  the  red  particles  can  be  separated 
in  their  perfect  state  from  the  fibrin.  If  the  fluid  parts  are  strained 
oflf  through  a  linen  cloth,  and  the  solid  fibrin  washed  so  as  to  purify 
it  from  serum,  the  weight  of  fibrin  contained  in  a  certain  quantity 
of  blood  can  be  accurately  determined.  The  exact  proportion  of  red 
particles  cannot  be  ascertained. 

The  only  point  which  I  have  investigated,  is  the  proportion  of 
fibrin  in  the  blood,  this  being  the  only  one  which  can  be  determined 
with  accuracy.  From  3627  grains  of  bullock's  blood  I  obtained,  by 
stirring,  18  grains  of  fibrin.  The  crassamentum  of  3945  grains  of 
the  same  blood  weighed,  when  dried,  641  grains.  So  that  in  100 
parts  of  the  blood  of  this  animal  there  were  16*248  parts  of  dry  cras- 
samentum and  0*496  parts  of  fibrin.  Fourcroy  estimates  the  quantity 
of  dry  fibrin  in  1000  parts  of  blood  at  from  1*5  to  4*3.  fierzelius  calcu- 
lated that  it  was  0  75;  while  Lassaigne  found  it  to  be  1-2.  In  twenty- 
two  experiments  Lecanu  found  the  proportion  of  dry  fibrin  in  1000 
parts  of  human  bloed  to  vary  from  1*360  to  7-235  parts.* 

Proporiioji  of  fibrin  and  red  particles  in  arterial  and  venous 
blood. — Prevost  and  Dumas  state,  as  the  result  of  their  experiments, 
that  arterial  blood  contains  more  red  particles  than  venous  blood; 
meaning  of  course,  that  it  contains  more  crassamentum.  Arterial 
blood  would  be  expected  to  contain  more  fibrin;  because  the  mate- 
rial for  the  nutrition  of  the  body  is  derived  from  arterial  blood,  and 
the  lymph  and  chyle,  both  of  which  contain  fibrin  in  solution,  are 
being  constantly  poured  into  the  central  parts  of  the  circulating  sys- 
tenou  The  result  of  several  experiments  instituted  by  Mayer,  Ber- 
thold,  and  myself,  agreed  with  this  supposition.  The  mean  result  of 
these  is,  that  the  quantities  of  the  fibrin  in  arterial  and  venous  blood 
are  in  the  proportion  of  29  to  24. 

The  substance  which  has  been  subjected  to  chemical  analysis 
under  the  name  of  fibrin  of  the  blood,  is  the  matter  which,  while  the 
blood  is  circulating,  is  in  a  state  of  solution,  and  coagulates  when 
the  blood  is  removed  from  the  body.  When  obtained  by  stirring  the 
blood,  it  is  pure;  but  if  procured  by  washing  the  coagulum,  it  may 
also  contain  the  nuclei  of  the  red  particles.  The  proportion  which 
these  bodies  form  in  it,  cannot,  however,  be  very  great;  for  there  is 
scarcely  any  difference  in  weight  between  the  coagulum  when  de- 
prived of  its  colouring  matter  by  washing,  and  the  fibrin  obtained 
irom  the  same  quantity  of  blood  by  stirring.  Whether  the  nuclei 
which  I  obtained  from  frog's  blood  consist  of  fibrin  or  not,  is  difficult 
to  say;  they  have  the  more  general  properties  of  coagulated  fibrin 
and  albumen. 

Coagulation qf  inflammatory  blood,^\n  inflammation, and  under 
some  other  circumstances,  the  blood  coagulates  in  an  unusual  man- 
ner. Before  coagulation  commences,  the  red  particles  subside  to  a 
certain  extent,  leaving  the  upper  part  of  the  still  fluid  blood  colour- 
less or  milky;  and  the  upper  layer  of  the  gelatinous  coagulum, 
which  soon  afterwards  forms,  is  white  or  of  a  grayish  yellow  colour, 
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while  the  lower  part  is  red.  During  the  contraction  of  the  coagulum, 
these  two  portions  of  the  clot  diminish  unequally  in  size;  the  upper 
whitish  or  grayish  yellow  substance  contracts  more  firmly;  and, 
although  at  first  the  coagulum  occupied  equally  at  all  heights  the 
entire  diameter  of  the  vessel  which  contains  it,  the  whitish  portion 
acquires  at  length  a  much  smaller  diameter  than  the  red  portion,  and 
thus  arises  the  peculiar  form  of  the  coagulum  of  inflamed  blood. 
The  cause  of  the  unequal  contraction  of  the  two  parts  of  the  crassa* 
mentum  is,  that  in  the  lower  portion  the  fibrin  is  kept  mechanically 
extended,  as  it  were,  by  the  red  particles  which  it  contains,  white 
in  the  upper  there  are  none  of  these  bodies  to  prevent  its  close  con- 
traction. It  must,  however,  be  understood  that  fibrin  is  present  and 
coagulates  in  all  parts  of  the  clot.  The  formation  of  a  buffy  coat 
may  always  be  predicted  before  coagulation;  for  the  subsidence  of 
the  red  particles  being  a  necessary  condition,  the  surface  of  the  blood 
is  observed  to  become  first  transparent,  and  afterwards  to  acquire 
an  opaline  aspect.  Mr.  Hewson  and  Dr.  B.  Babington*  have  shown 
that  the  colourless  fluid  which  produces  this  appearance  can  be  re- 
moved with  a  spoon,  and  that  it  afterwards  coagulates.  This  fact 
I  have  seen  verified  on  the  blood  of  a  pregnant  woman. 

Cause  of  the  buffy  coat, — This  peculiarity  of  the  blood  under  cer- 
tain circumstances,  namely,  the  subsidence  of  the  red  particles  to  a 
certain  extent  before  coagulation,  might  be  supposed  to  depend  on 
diminished  specific  gravity  of  the  serum,  were  it  not  that  the  serum 
of  inflammatory  blood  has  the  same  specific  gravity  as  that  of  healthy 
blood.  The  fact  that  inflammatory  blood  ordinarily  coagulates  more 
slowly  than  healthy  blood  may  in  some  measure  explain  the  pheno- 
menon; for  it  may  be  imagined  that  the  red  particles  have,  on  that 
account,  sufficient  time  to  subside  before  the  fibrin  coagulates.  This 
was  the  view  that  Hewson  took  of  the  formation  of  the  buffy  coat 
To  ascertain  the  correctness  of  this  mode  of  explaining  the  pheno- 
menon, I  instituted  a  series  of  experiments  with  different  kinds  of 
blood.  Among  other  confirmatory  results,  I  found  that  by  merely 
retarding  the  coagulation,  I  was  able  to  give  rise  to  the  process  by 
which  the  inflammatory  crust  is  formed;  the  only  difl!erence  being, 
that  the  fibrin  which  formed  the  artificial  crust  was  softer  and  more 
glutinous;  which  depended,  perhaps,  on  some  chemical  change 
effected  by  the  carbonate  of  potash.  There  is  another  cause,  for  the 
greater  firmness  of  the  inflammatory  crust;  it  is,  that  inflammatory 
blood  contains  more  fibrin  than  healthy  blood, — a  fact  which  Sir  C. 
Scudamore  ascertained.  It  is  difficult  to  say  why  the  red  particles 
should  begin  to  subside  in  healthy  blood  as  soon  as  it  is  drawn  from 
the  body,  and  yet  sink  so  very  slowly  in  blood  deprived  of  its  fibrin, 
even  though  it  be  inflammatory.  The  relative  specific  gravity  of 
the  serum  and  liquor  sanguinis  cannot  be  the  cause;  for  the  blood 
when  deprived  of  its  fibrin  is  specifically  lighter  than  it  was  before. 
It  may  be  that  there  is  less  adhesion  exerted  between  the  red  particles 
and  the  liquor  sanguinis,  which  still  holds  the  fibrin  in  solution,  than 
between  the  red  particles  and  the  serum  without  the  fibrin. 
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Dr.  J.  Davy  has  observed,  that  inflammatory  blood,  in  some  in- 
stances, does  not  coagulate  more  slowly  than  healthy  blood;  and 
since  the  presence  of  fibrin  in  the  blood  appears  from  the  above- 
mentioned  experiments  to  favour  the  subsidence  of  the  red  particles, 
the  formation  of  the  bufiy  coat  in  these  cases  may  arise  from  the 
blood  containing  a  greater  quantity  of  fibrin.  So  that  the  principal 
causes  of  the  subsidence  of  the  red  particles  and  formation  of  the 
bufiy  coat  in  inflammatory  blood  appear  to  be  its  slow  coagulation 
and  the  increased  quantity  of  fibrin  which  it  contains.  The  forma- 
tion of  a  loose  crust  on  the  crassamentum  in  cases  where  we  suspect 
a  commencing  disorganisation  or  decomposition  of  the  blood,  rather 
than  the  presence  of  an  increased  quantity  of  fibrin,  is  sufficiently 
explained  by  the  slow  coagulation  of  such  blood.*"  For  the  chemical 
characteA  of  the  fibrin,  the  reader  is  referred  to  Book  I.  p.  98-100. 

OF  THE  SERUM. 

The  fluid  which  remains  after  the  coagulation  and  contraction  of 
the  fibrin  of  the  blood,  is  called  the  serum;  and,  as  we  have  before 
remarked,  must  not  be  confounded  with  the  liquor  sanguinis.  It 
is  yellowish,  has  a  saline  taste,  a  specific  gravity  of  1-037  to  1-329, 
and  in  the  higher  animals,  a  distinct  alkaline  reaction.  When  ex- 
posed to  a  temperature  between  158°  and  167°  Fahr.,  whether  in 
vacuo  or  in  the  atmosphere,  it  is  converted  into  a  gelatinous  mass  by 
the  coagulation  of  the  albumen,  which  is  its  most  essential  compo- 
nent. It  contains,  also,  a  free  alkali, — soda,  (potash,  likewise,  ac- 
cording to  Berzelius,) — probably  combined  with  albumen  and  salts 
of  these  bases.  We  are  indebted  to  Prevost  and  Dumas  for  a  table, 
showing  the  proportional  quantity  of  the  solid  components  of  the 
serum  and  the  other  ingredients  of  the  blood  in  different  animals. 
From  this  table  it  appears,  that  in  the  serum  of  human  blood  about 
one-tenth  part  in  weight  consists  of  sohd  ingredients  in  solution,  the 
chief  of  which  is  albumen;  and  that  this  relative  proportion  is  pretty 
nearly  maintained  even  as  low  in  the  animal  scale  as  fishes:  while  the 
proportional  quantity  of  the  coagulum,  fibrin,  and  red  particles  in 
the  blood,  is  less  in  fishes  and  amphibia  than  in  the  higher  classes.t 
The  proportion  of  the  solid  parts  of  the  crassamentum  to  those  of  the 
seram  in  human  blood  is  as  12*92  to  8-69,  or  about  3  to  2.  The 
blood  of  carnivorous  animals  yields  more  crassamentum  than  that 
of  herbivorous  animals.  Dr.  Davy  states,  that  the  blood  of  the  lamb 
aflfords  a  softer  and  less  abundant  coagulum  than  the  blood  of  the 
full-grown  sheep.  I  have  verified  Fourcroy*s  statement,  that  the 
coagulum  of  fcetal  blood  is  softer  than  that  of  the  blood  of  the  adult 
animal.  From  Berthold's:^  experiments  it  appears  that  the  quantity 
of  fibrin  in  the  blood  of  cold-blooded  animals,  is  as  great  as  in  that 

*  On  the  labjeot  of  the  inflammatory  or  bufiy  coat,  consult  H.  Nasse,  Das  Blot. 
Bonn,  1836. 

t  The  exception  in  the  tortoise  in  the  table  of  MM.  PreTost  and  Dumas,  has 
been  shown  by  Mr.  J.  Marsh alPs  experiments  not  to  exist. 
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of  warm-blooded  animals,  while  the  colouring  matter  is  less  in 
quantity. 

If  serum  is  exposed  to  a  temperature  not  lower  than  75^  R.  [167^ 
Fahr.]  it  coagulates  into  a  solid  mass,  which  consists  principally  of 
albumen.  From  this  mass  exudes  a  brown  fluid,  the  <<  serosity,'' 
which,  according  to  Gmelin,  is  rendered  turbid  by  the  addition  of 
acids,  and  becomes  somewhat  gelatinous  on  cooling.  The  com- 
ponents of  this  fluid,  according  to  the  same  chemist,  are,  besides 
albumen  held  in  sohition  by  an  alkali,*  casein,  salivin,  osmazome, 
and  salts  of  soda  and  potash.  The  casein  was  found  by  Gmelin 
and  Geigert,  in  another  experiment,  in  the  blood  of  the  ox  also* 
Serum  of  the  blood  of  that  animal,  from  which  the  fibrin  had  been 
removed  by  stirring,  having  been  boiled  for  a  considerable  time  with 
alcohol,  the  fluid  obtained  from  it  by  filtering  deposited  in  cooling 
copious  flakes,  which  consisted  of  casein  mixed  with  ammonia  and 
cholesterine. 

If  serum  be  completely  coagulated  by  the  action  of  heat,  the  co- 
agulum  dried,  and  then  treated  with  boiling  water,  and  the  residuum 
left  on  evaporating  the  solution  thus  obtained  afterwards  acted  on 
repeatedly  with  alcohol,  the  alcohol  will  be  found  to  take  up  lactate 
of  soda,  chlorides  of  potassium  and  sodium,  and  osmazome;  while 
the  substance,  which  neither  the  boiling  water  nor  alcohol  dissolves, 
is  pure  albumen.  The  animal  matters  of  the  serum  are,  therefore, 
salivin,  casein,  lactic  acid,  osmazome,  and  albumen. 

1.  Salivary  matter  or  Salivin. — This  substance,  which  derives 
its  name  from  the  saliva,  is  not  peculiar  to  it;  but  is  found  in  various 
other  secretions,  in  the  fluid  effused  in  several  dropsical  affections, 
and  in  that  of  the  vesicle  excited  by  plaster  of  cantharides.  It  is 
soluble  in  water,  both  warm  and  cold,  but  insoluble  in  alcohol;  is 
precipitated  neither  by  the  metallic  salts  nor  by  strong  acids,  and  its 
solution  is  not  rendered  turbid,  or  only  in  a  slight  degree,  by  infusion 
of  galls. 

2.  Casein  occurs  in  great  abundance  in  milk;  and,  according  to 
Gmelin,  in  smaller  quantity  in  the  pancreatic  secretion  and  in  the 
bile.  It  is  soluble  both  in  hot  and  in  cold  water;  is  slightly  soluble 
in  cold,  but  more  so  in  hot  alcohol;  and  is  precipitated  by  muriate  of 
tin,  acetate  of  lead,  bi-chloride  of  mercury,  and  infusion  of  galls. 
Acetic  acid  and  the  mineral  acids  precipitate  it;  but  added  in  excess, 
redissolve  it.  It  is  precipitated  by  alum,  and  not  redissolved  by  an 
excess  of  that  reagent.  The  acid  solution  of  casein  is  like  the  albu- 
minous class  of  substances  precipitated  by  ferrocyanuret  of  potassium. 
The  precipitates  of  casein  by  acids  and  alcohol  are  again  soluble  in 
water,  a  character  which  distinguishes  casein  from  albumen.  The 
coagulation  by  the  digestive  principle  or  pepsin  contained  in  the 
fourth  stomach  of  the  ruminantia,  and  in  the  stomach  of  other  ani- 
mals, is  also  characteristic  of  casein.  The  precipitate  by  pepsin  is 
not  soluble  in  water. 

*  Mr.  Brande  also  found  albamen  in  the  serosity,  while  Dr.  fiostoek  maintains 
that  the  only  animal  matter  contained  in  that  fluid  is  osmazome.  See  Bostock's 
Physiology,  p.  292;  3d  edition. 
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3.  Lactic  acid, — This  acid  is  composed  of  carbon,  hydrogen,  and 
oxygen;  it  has  some  analogy  with  acetic  acid,  but  according  to  Ber- 
zelius  is  quite  distinct  from  it.  It  forms  with  bases,  salts  of  peculiar 
form,  which  Berzelius  says,  are  not  produced  by  acetic  acid  rendered 
impure  by  animal  matter.  Pure  lactic  acid,  prepared  by  the  method 
most  recently  described  by  Berzelius,  is  colourless,  without  smell, 
and  has  a  pungent  acid  taste,  which  is  very  quickly  diminished  by 
the  addition  of  water.  It  is  soluble  in  alcohol  in  all  proportions,  while 
ether  dissolves  it  in  small  quantity  only.  It  is  found  in  muscle  and 
in  the  crystalline  lens;  and,  with  its  salts,  occurs  in  many  secretions, 
particularly  in  the  milk.  Lactic  acid  and  its  salts,  are  always  com- 
bined with  osmazome,  and  are  extracted  together  with  it  by  alcohol, 
but  can  be  separated  from  it  by  means  of  infusion  of  galls,  which 
precipitates  the  osmazome. 

Osmazome,  albumen,  and  the  fatty  matter  of  the  blood,  have  been 
already  described  in  book  first,  under  the  head  of  Component  Proxi- 
mate Principles  of  the  Tissues. 

Composition  of  the  blood  in  the  different  sexes,  ages,  and 
TEMPERAMENTS. — This  inquiry,  originated  by  Lecanu,  constitutes 
a  new  epoch  in  this  department  of  Physiological  Chemistry.  Lecanu* 
seems  to  have  made  an  extraordinary  number  of  observations,  and 
to  have  compared  them  with  accuracy.  He  found  the  quantity  of 
water  in  1000  parts  of  blood  to  vary  from  778-625  to  8531 35,  the 
average  being  815-880.  In  the  female  it  varied  from  790*394  to 
853-135;  in  the  male,  from  778-625  to  805*26.  So  that  the  blood  of 
the  female  contains  the  greater  proportion  of  water.  This  was  the 
result  also  of  Denis's  experiments,  of  which  twenty-four  were  made 
on  men,  and  twenty-eight  on  women.  The  latter  author  found  the 
proportion  of  water  in  man  to  vary  from  805  to  732;  in  woman, 
from  848  to  750:  the  mean  proportion  of  the  two  being  as  767  to 
787.  The  quantity  of  water  in  the  blood,  according  to  Lecanu,  bears 
no  determined  relation  to  the  period  of  life;  Denis,  however,  found 
its  proportion  greater  in  children  and  aged  persons.  With  respect  to 
the  temperaments,  Lecanu  found  that,  in  the  sanguine  temperament, 
the  blood  contains  less  water  than  it  does  in  the  lymphatic.  In 
women  of  sanguine  temperament,  the  proportion  of  water  in  four 
experiments  varied  from  790*394  to  796*175  in  1000  parts  of  blood; 
ill  women  of  phlegmatic  temperament,  it  was  found  as  the  result  of 
five  experiments  to  vary  from  790*840  to  827*130.  The  average  in 
women  of  sanguine  temperament  was  therefore  793*007;  in  those 
of  the  phlegmatic  803*710.  From  similar  observations  on  men,  the 
average  for  those  of  the  sanguine  temperament  of  this  sex  was  found 
to  be  786*584;  for  those  of  the  phlegmatic,  800*566.  Thus,  in  the 
female  sex,  the  excess  of  water  in  the  phlegmatic  temperament  is 
10-703;  in  the  male  it  is  13*982. 

The  proportional  quantity  of  albumen  varies  in  general  from 
57-890  to  78*270,  and  is  nearly  equal  in  the  two  sexes;  it  does  not 
vary  in  any  determinate  degree  between  the  ages  of  twenty  and 
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sixty^  nor  is  there  any  striking  difference  in  its  quantity  in  the  dif- 
ferent temperaments. 

The  quantity  of  crassamentum  in  1000  parts  of  blood  varies  gene- 
rally from  68-349  to  148-4509  the  average  being  108*399.  In  men 
it  varies  from  115-850  to  148*450,  in  women  from  68*349  to  129*990; 
so  that,  according  to  Lecanu,  the  blood  of  men  contains^  in  1000 
parts,  about  32*980  parts  more  of  the  components  of  the  crassamen- 
tum than  the  blood  of  women.  The  quantity  of  the  coagulum  does 
not  appear  to  increase  proportionally  with  the  age,  at  least  not  be- 
tween the  ages  of  20  and  60  years;  but  it  is  greater  in  the  sanguine 
than  in  the  phlegmatic  temperament — a  result  which  agrees  with 
Denis's  observation.  In  four  observations  on  women  of  sanguine 
temperament,  the  proportion  of  coagulum  in  1000  parts  of  blood, 
varied  from  121*720  to  129*654;  in  five  observations  on  women  of 
phlegmatic  temperament,  from  92*670  to  129*990;  the  average  in 
women  of  sanguine  temperament  being  126*174,  in  those  of  the 
phlegmatic  117*300, — making  a  difference  of  8-874  between  the 
temperaments.  In  men  of  the  sanguine  temperament  the  proportion 
of  coagulum,  in  five  observations,  varied  from  121*540  to  148*450; 
in  those  of  the  phlegmatic  temperament,  in  two  observations,  it  was 
115150  and  117*484. 

During  menstruation  Lecanu  found  that  the  blood  contained  less 
coagulum. 


CHAPTER  II. 

Electric  Properties  of  the  Blood. 

DuTROCHET  has  made  some  ingenious  experiments  respecting  the 
action  of  galvanism  on  animal  substances.  He  even  flattered  him- 
self that  he  had  formed  muscular  fibres  from  albumen  by  the  agency 
of  galvanism,  and  supposed  that  the  red  particles  of  the  blood  formed 
each  a  pair  of  plates,  the  nucleus  being  negative,  the  envelope  posi- 
tive.* But  all  the  appearances  which  he  has  attributed  to  different 
electric  properties  of  the  blood,  arc  explicable  by  the  precipitation 
of  the  albumen,  colouring  matter,  and  fibrin  in  consequence  of  the 
decomposition  of  the  salts  of  the  serum,  and  of  the  oxidation  of  the 
copper  wire  used  in  the  experiments, — both  the  decomposition  of 
the  salts  and  the  oxidation  of  the  copper  being  the  usual  effects  of 
galvanic  action.t 


•  Aniral.  des  Sc.  Nat.  1831— Froriep.  Notiz.  716. 
f  Brief  reference  has  been  already  made  (p.  7t 
specting  the  alleged  electric  properties  of  the  blood 


f  Brief  reference  has  been  already  made  (p.  73)  to  Belliogeri's  tsserUon  rs- 
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CHAPTER  III. 

or  THX  OBOASriC  PROPERTIES  AND  RELATIONS  OP  THE  BLOOD. 

a.  The  Vivifying  Influence  of  the  Blood. 

Tax  arterial  blood  in  its  course  through  the  capillary  vessels  of 
the  body,  loses  its  bright  red  colour,  and  becomes  again  venous. 
The  reciprocal  action  between  the  blood  and  the  organised  matter,  by 
which  this  change  is  effected  and  maintains  the  vitality  of  the  organs, 
at  the  same  time  that  it  renders  the  blood  incapable  of  again  exer- 
cising this  necessary  vital  stimulus  until  it  has  regained  its  arterial 
character  in  the  lungs  is,  unknown.    In  the  process  of  arterialisation, 
the  blood  absorbs  oxygen  from  the  atmosphere,  and  gives  out  car- 
bonic acid, — the  oxygen  which  it  absorbs  being  in  greater  quantity 
than  the  carbonic  acid  exhaled.   The  same  portion  of  blood  acquires 
and  again  loses  its  arterial  properties  within  the  period  of  a  few 
minutes;  for  it  will  be  shown  at  a  future  page,  that  the  blood  circu- 
lates through  the  whole  body  in  that  space  of  time.    It  is  only  while 
in  its  arterial  state  that  the  blood  is  capable  of  maintaining  life.  The 
suppression  of  the  change  which  the  blood  undergoes  in  the  lungs 
produces  asphyxia  and  death,  chiefly,  as  Bichfit  has  shown,  by  inter- 
rupting the  functions  of  the  brain  and  nervous  system.    The  neces- 
sity for  arterial  blood  is  less  urgent,  however,  in  new-born  children, 
and  still  less  so  during  the  state  of  hybernation  and  torpor,  and  in 
the  lower  animals;  in  the  foetus  of  the  Mammalia  the  necessity  for 
the  aeration  of  the  blood  seems  to  be  wholly  wanting.  The  functions 
most  dependent  on  the  arterial  state  of  the  blood,  are  those  of  the 
nervous  system,  and  those  of  animal  life  generally.    This  is  evi- 
denced by  the  symptoms  of  the  morbus  coeruleus^  in  which  the 
two  kinds  of  blood,  owing  to  some  defect  in  the  circulating  organs, 
— ^for  instance,  a  persistence  of  the  canal  in  the  ductus  arteriosus^  or 
of  the/aramen  ovale, — continue  to  be  partly  mixed.    Nutrition  and 
secretion  are  here  little  interfered  with,  even  although  the  surface 
18  dusky  and  bluish:  but  the  muscular  power  fails;  the  slightest 
exertions  bring  on  symptoms  of  suffocation,  fainting,  and  even 
asphyxia;  the  sexual  passion  is  not  developed,  the  temperature  is 
lower  than  natural,  and  there  is  a  tendency  to  hemorrhage,  even  to 
a  fatal  extent.*    That  arterial  blood  is  not  so  necessary  for  the  per- 
formance of  the  functions  of  organic  life  is  moreover  deducible  from 
the  fact  that  secretions  are,  in  some  cases,  formed  by  organs  which 
receive  a  much  larger  quantity  of  venous  than  of  arterial  blood. 
Thus  the  bile  is  secreted  in  part  from  the  blood  of  the  vena  porta, 
the  urine  in  reptiles  and  fishes  in  greater  part  from  the  venous  blood 

*  Consnlt  Nassers  remarks  on  the  influence  of  arterial  blood  on  the  develop- 
nent  and  fanetioni  of  the  human  body,  founded  on  cases  of  the  morbus  cceruleus. 
—Rail,  Anhiv.  u  x.  p.  318. 
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which  in  these  animals  is  carried  to  the  kidneys  by  afferent  veins 
independent  of  the  arteries,  and  of  the  efferent  veins  that  return  the 
blood  to  the  heart. 

The  application  of  a  ligature  to  all  the  arterial  trunks  of  a  limb 
deprives  it  of  power  of  motion,  and  at  last  of  vitality.  Sir  A. 
Cooper  has  shown*  that  rabbits  may  be  killed  instantaneously  by 
exciting  pressure  upon  the  vertebral  arteries  and  carotids  simul- 
taneously, so  as  to  cut  off  the  supply  of  arterial  blood  to  the  brain. 
Great  losses  of  blood  produce  immediate  asphyxia  in  the  higher 
animals:  cold-blooded  animals,  however,  survive  for  a  considerable 
time  the  abstraction  of  the  greater  part  of  their  blood,  and  frogs  live 
many  hours  even  after  the  removal  of  the  heart,  and  retain  perfect 
power  of  motion.  But  even  parts  which  have  been  removed  from 
the  body,  and  have  lost  their  irritability,  appear  to  recover  in  some 
degree  their  vitality  by  immersion  in  blood,  as  in  the  case  of  the 
heart  of  the  frog  in  Von  Humboldt's  experiments;  and  the  motion 
of  the  microscopic  cilia  on  portions  of  mucous  membranes  separated 
from  the  body  is,  according  to  the  observation  of  Purkinje  and 
Valentin,  maintained  longest  by  immersion  in  blood. 

Transfusion  of  blood, — Prevost  and  Dumas  showed  that  the 
vivifying  power  of  the  blood  does  not  reside  so  much  in  the  serum 
as  in  the  red  particles.  An  animal  bled  to  syncope,  is  not  revived 
by  the  injection  of  water  or  pure  serum  of  a  temperature  of  68^  Fahr. 
into  its  vessels.  But  if  blood  of  another  of  the  same  species  is  used^ 
the  animal  seems  to  acquire  fresh  life  at  every  stroke  of  the  piston, 
and  is  at  last  restored.  Professor  Dieffenbach  has  confirmed  these 
experiments.  It  is  stated  by  Prevost  and  Dumas,  and  Dieffenbach, 
and  also  by  Dr.  Bischoff,t  that  revival  takes  place  likewise  when 
the  blood  injected  has  been  previously  deprived  of  its  fibrin.  I  have 
shown  that  the  red  particles  of  the  blood  remain  perfectly  unchanged 
after  the  removal  of  the  fibrin;  blood,  therefore,  from  which  the 
fibrin  has  been  removed,  and  heated  to  the  proper  temperature, 
ought  to  be  preferred  in  a  few  cases  where  transfusion  of  blood  in 
the  human  subject  is  justifiable,  or  necessary,  on  account  of  hemor* 
rhage;  for  in  this  state  the  blood  is  completely  fluid  and  remains  so, 
and  thus  the  principal  difficulty  of  transfusion, — namely,  the  coagu- 
lation of  the  blood  while  it  is  being  transferred  from  one  animal  to 
the  other,— is  avoided.  Blood  of  animals  of  a  different  genus,  of 
which  the  corpuscules,  though  of  the  same  form,  have  a  different 
size,  effect  an  imperfect  restoration,  and  the  animal  generally  dies 
within  the  period  of  six  days.  The  pulse  becomes  quicker;  the 
breathing  remains  natural,  though  the  temperature  sinks  very 
rapidly;  the  excretions  are  mucous  and  bloody;  while  the  cerebral 
functions  seem  to  be  unaffected. 

The  injection  of  blood  with  circular  corpuscules  into  the  vessels  of 
a  bird  (of  which  the  corpuscules  are  elliptic  and  of  larger  size),  pro- 
duces violent  symptoms  similar  to  those  of  the  strongest  poisons,  and 

*  Gut,  Hospital  Reports,  toI.  i. 
t  Mailer,  Archir.  1835,  p.  347. 
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generally  deaths  which  ensues,  indeed,  instantaneously,  even  when 
a  small  quantity  only  of  the  blood  has  been  injected;  such,  for  ex- 
ample, was  the  effect  of  the  transfusion  of  some  blood  of  the  sheep 
into  the  veins  of  a  duck.  The  results  which  Dr.  Bischoff  obtained 
in  his  experiments  differed  from  those  of  former  observers,  in  the 
circumstance  that  he  found  no  ill  effect  from  the  injection  of  the  blood 
of  mammalia  into  the  veins  of  birds  if  he  had  previously  deprived 
it  of  its  fibrin.  But  even  blood  thus  preparea  was  poisonous  to 
frogs,  particularly  human  blood:  the  blood  of  quadrupeds  and  birds 
was  less  violent  in  its  action;  that  of  fishes  seemed  to  have  little  ill 
effect  The  transfusion  of  the  blood  of  man,  mammalia,  or  birds 
into  the  veins  of  the  frog  was  always  followed  by  death,  generally 
in  the  space  of  a  few  hours.  The  circulation  was  in  all  cases  much 
enfeebled.  AAer  death  there  were  found  exudations  of  serum  mixed 
with  red  particles  both  of  the  blood  injected  and  of  that  of  the  frog 
itselfl*  According  to  later  experiments  of  Dr.  Bischoff,t  it  is  the 
venous  blood  only  of  mammalia  which  is  poisonous  to  birds;  arte- 
rial blood  of  a  mammiferous  animal  injected  iiito  the  vessels  of  a 
hen,  produced  no  ill  effect,  while  a  few  drops  of  venous  blood  were 
immediately  fatal. 

An  incautious  injection  of  air  into  the  veins  and  blood  of  a  living 
animal  is  almost  immediately  fatal,  by  obstructing  the  circulation  in 
the  small  vessels,  and  in  the  heart.  Nevertheless,  in  Nysten's  ex- 
periments, very  small  quantities,  not  only  of  atmospheric  air  and 
oxygen,  but  even  of  irrespirable  gases,  such  as  nitrogen,  nitrous 
oxioe,  hydrogen,  carbnretted  hydrogen,  carbonic  acid,  and  carbonic 
oxide,  were  injected  into  the  vessels  without  fatal  consequences. 
Nitric  oxide  gas,  sulphuretted  hydrogen,  ammonia,  and  chlorine, 
were  the  only  gases  which  he  found  to  be  absolutely  deadly.]:  Re- 
cent experiments§  have  confirmed  the  observation,  that  the  injection 
of  a  considerable  quantity  of  atmospheric  air  is  required  for  the  pro- 
duction of  death  in  horses  and  dogs,  and  that  the  fatal  result  is,  in 
these  animals,  by  no  means  so  instantaneous  as  it  has  been  in  the 
human  subject,  when,  during  operations,  air  has  gained  entrance  into 
the  veins.  The  insufflation  of  respired  air  seems  to  be  more  quickly 
fatal  than  the  injection  of  fresh  atmospheric  air.  The  most  probable 
cause  of  death,  when  it  follows  the  injection  of  a  large  quantity  of 
air,  is  apparently  paralysis  of  the  right  cavities  of  the  heart,  which 
in  nearly  all  the  experiments  have  been  found  distended  by  frothy 
blood,  or  unmixed  air,  while  the  left  cavities  of  the  heart  generally 
contained  no  air.    Mr.  Blake ||  has  ascertained  that  certain  salts  in- 

*  Compare  Die  Transfasion  de8  Blutse,  von  Dieflenbach.    Berlin,  1828. 

t  rMdller'e  Arohiv.  1838,  p.  352.] 

^  Njiten,  Reeherches  de  Physiol,  et  de  Chim.  Pathol.     Paris,  1811. 

f  See  Rapport  surles  Exp6riences  relatives  a  Tintrod action  de  Pair  dans  lee 
▼einetf  faitee  par  M.  Amussat. — Bulletin  de  PAcad.  de  Medecine,  t.  ii.  No.  xii.— 
Yelpeao,  Gaxette  Medicale,  Feb.  29,  1838.— Dr.  Cormack,  on  the  presence  of  air 
in  the  organs  of  eircalation.  Edinb.  1837.— Also  an  able  review  of  these  works 
in  Dr.  Fortieses  British  and  Foreign  Medical  Review,  No.  xii. 

J  See  the  Medical  Gazette,  July  29,  1839,  and  the  Edinb.  Med.  and  Sur.  Jonr- 
for  April,  1839. 
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jected  into  the  veins,  cause  death  very  qnickly  by  arresting  tbe- 
heart's  action:  such  seemed  to  be  the  mode  of  action  of  salts  of  pot-. 
ash|  ammonia,  baryta,  lime,  and  magnesia,  while  the  salts  of  soda 
produced  death  with  equal  rapidity  by  obstructing  the  circulatioa 
through  the  lungs. 

b.  Evidences  of  life  in  the  blood  itself 

•Automatic  movements  qf  the  blood-corpuacules, — It  is  beyond 
dispute  that  the  blood  must  be  regarded  as  a  living  fluid,  but  hitherto 
observers  have  failed  to  detect  a  vital  act  in  it  as  a  visible  phenome- 
non. Professor  C.  H.  Schultz  has  spoken  of  an  active  vital  process 
which  can  be  seen  to  be  constantly  going  on,  between  the  individual 
molecules  of  the  blood  and  the  substance  of  the  vessels,  by  which 
new  globules  are  formed,  while  the  old  are  lost.*  More  recently 
Professor  Schultz  has  stated  more  definitely  that  the  blood  particles 
themselves  do  not  move,  and  that  the  flickering  vibratory  motioa 
(which  is  seen  when  the  circulation  in  transparent  parts  is  viewed 
by  the  direct  light  of  the  sun)  is  due  to  the  fluid  part  of  the  blood. 
This  oscillatory  motion  is  visible,  according  to  Schultz,  in  the  smallest 
capillaries,  even  when  they  contain  no  red  particles.t  These  observa* 
tions  are  quite  opposed  to  the  experience  of  other  observers,  while 
Rudolphi,  Purkinje,  and  Koch,  with  Meyen,  and  myself,  all  agree  as 
to  the  true  explanation  of  the  appearance  which  Schultz  calls  a  vital 
movement  of  the  blood.  When  the  circulation  of  the  blood  is  viewed 
in  transparent  parts  by  bright  daylight,  (not  by  the  direct  rays  of  the 
sun,  which  produce  a  dazzling  but  very  confused  illumination,  from 
their  being  refracted  by  the  transparent  animal  structures,)  there  is  not 
the  slightest  appearance  of  spontaneous  independent  motion  of  the 
individual  red  particles,  of  attraction  and  repulsion  of  them,  or  of  the 
minute  molecules  of  liquor  sanguinis.  If,  however,  the  direct  rajrs 
of  the  sun  are  allowed  to  shine  through  a  transparent  part,  the  dis- 
tinctness of  the  image  is  entirely  lost,  owing  to  the  refraction  of  light 
which  is  produced  by  the  inequalities  of  the  surface,  as  well  as  by 
the  red  particles,  which  act  as  so  many  little  lenses;  the  observer  no 
longer  perceives  the  red  particles  flowing  through  the  vessels,  but 
there  is  a  general,  sparkling,  flickering  motion,  in  which  frequently 
even  the  direction  of  the  current  is  not  distinguishable.  The  same 
deception  of  vision  is  produced,  when  a  fluid  containing  globules — 
milk,  for  example — is  viewed  while  flowing  over  the  surface  of  a 
glass  under  the  microscope,  by  the  direct  rays  of  the  sun;  and  even 
clear  water  flowing  over  the  surface  of  ground  glass  has,  by  a  simi- 
lar light,  the  same  appearance.^:  The  granular  substance  of  the 
animal  tissues  may  be  compared  to  the  surface  of  ground  glass. 

The  notion  of  Eber  and  Mayer,§  that  the  red  particles  are  infusory 
animals,  is  still  less  admissible.     The  theory  which  ascribes  to  the 

*  C.  H.  Sohultz,  der  Lebensprocess  im  Blate.    Berlin,  1829. 
I  C.  H.  Schultz,  das  system  der  circulation.    Stuttgart.  1836,  p.  74. 
\  Meyen,  Isis,  1838,  394,  and  the  review  by  an  anonymous  writer— Isis,  18S4, 
3. — are  especially  worthy  of  being  consulted  on  this  subject. 
$  Mayer,  Supplemente  zor  Lebre  vom  Krieslauf.    Bonn.  1827. 
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blood  a  self-propelling  power — a  power  of  motion,  which  continues 
when  the  heart  has  ceased  to  act — will  be  considered  in  treating  of 
circulation  in  the  capillaries. 

Treviranns,  Mayer,  and  others  have  regarded,  as  an  automatic 
movement,  that  confused  motion  of  the  globules  which  is  seen  to 
continue  for  several  seconds  in  a  drop  of  blood  placed  on  a  glass 
under  the  microscope.  The  fallacy  of  this  opinion  is,  however,  com- 
pletely proved  by  the  fact,  that  these  momentary  whirling  motions 
can  be  seen  in  blood  which  has  been  long  removed  from  the  body. 
Thus,  for  example,  in  a  drop  of  frog's  blood  which  has  been  taken 
from  the  animal  twelve  or  twenty-four  hours,  and  from  which  the 
fibrin  has  been  removed,  we  can  distinguish  by  means  of  the  micro- 
scope the  same  motions  of  the  red  particles  as  in  fresh  blood;  they 
cannot,  therefore,  be  dependent  on  vitality.  In  the  blood  of  warm- 
blooded animals  such  motions  may  also  arise  from  evaporation.  It 
is  probable,  likewise,  that  the  slight,  but  sometimes  rapid,  change  of 
form  which  every  drop  of  fluid  spread  on  a  glas^  plate  undergoes  at 
the  edges,  has  considerable  influence  on  these  motions.  That  blood- 
corpuscules  lying  near  the  surface  of  ciliated  membranes,  such  as 
the  mucous  membranes  of  the  generative  and  respiratory  organs, 
are  like  all  other  small  bodies  thrown  into  motion,  is  easily  intel- 
ligible. 

Motion  in  blood  during  its  coagulation, — Heidmann*  has  de- 
scribed contractions  and  dilatations  which  he  has  observed  in  the 
blood  during  coagulation.  I  have  myself,  however,  been  able  to 
detect  no  dilatation,  and  no  other  contraction  than  the  gradual  im- 
perceptible contraction  of  the  coagulated  fibrin.  The  contractions 
which  Tourdes  and  Circaud  described  as  produced  in  the  fibrin  by 
galvanism  ,have  been  proved,  even  by  Heidmann  himself,  not  to 
exist,  and  I  certainly  saw  nothing  of  the  kind  in  galvanising  the 
liquor  sanguinis  of  the  frog's  blood. 

Is  the  blood  endowed  with  life? — The  question  whether  the  blood 
18  a  living  fluid  or  not,  calls  to  mind  a  critical  state  of  our  science. 
Everything  which  evidences  an  action  that  cannot  be  explained 
by  the  laws  of  inorganic  matter,  is  said  to  have  an  organic,  or,  what 
is  the  same  thing,  a  vital  property.  To  regard  only  the  solids  of 
the  body  as  living  is  incorrect,  for  there  are  strictly  no  organic  solids; 
in  nearly  all,  water  constitutes  four-fifths  of  their  weight.  Although 
then  organic  matter  generally  be  considered  as  merely  << susceptible  of 
life/'  and  the  organised  parts  as  <Miving,"  yet  the  blood  also  must 
be  regarded  as  endowed  with  life,  for  its  actions  cannot  certainly  be 
comprehended  by  chemical  and  physical  laws.  The  semen  is  not 
.merely  a  stimulus  for  the  fructification  of  the  egg,  for  it  impregnates 
the  eggs  of  the  batrachia  and  fishes  out  of  the  body;  and  the  form, 
endowments,  and  even  tendencies  to  disease  of  the  father,  are  trans- 
ferred to  the  new  individual:  the  semen,  therefore,  although  a  fluid, 
is  evidently  endowed  with  hfe,  and  is  capable  of  impartiag  life  to 
other  matter.    The  germinal  membrane  is  a  completely  unorganised 

•  Reil,  Arehiv.  vi.  4S6. 
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aggregation  of  animal  matter,  and  nevertheless  is  animated  with  the 
whole  organising  power  of  the  future  being,  and  is  capable  of  im- 
parting life  to  new  matter,  although  soft  and  nearly  allied  to  a  fluid. 
The  blood  also  manifests  organic  properties;  it  is  attracted  by  living 
organs  which  are  acted  on  by  vital  stimuli;  there  subsists  between 
the  blood  and  the  organised  parts  a  reciprocal  vital  action,  in  which 
the  blood  has  as  large  a  share  as  the  organs  in  which  it  circulates. 
The  fibrin  of  the  blood  effused  in  inflammation  is  at  first  fluid,  and 
forms,  as  it  becomes  solid,  pseudo-membranes,  which  afterwards,  by 
means  of  a  mutual  vital  action  exerted  between  them  and  the  oreans 
bv  which  they  are  poured  out,  become  organised  and  traversea  by 
blood  and  vessels.  The  blood  itself  has,  therefore,  the  properties  of 
life,  and  this  is  the  case  with  all  the  animal  fluids  except  those 
which  are  the  means  of  carrying  out  of  the  body  the  effete  material, 
such  as  the  urine  and  carbonic  acid.  The  saliva  and  the  bile  exert 
an  assimilating  action  on  the  food,  the  different  organs  perform  the 
same  functions  with  regard  to  the  blood,  and  here  there  is  no  clearly 
defined  limit  between  substances  capable  of  life  and  those  endowed 
with  it.  Those  organic  substances,  however,  in  which  life  is  least 
evident,  remain  susceptible  of  life  as  long  as  they  are  not  chemically 
changed. 

c.  Formation  of  the  Blood. 

The  materials  for  the  formation  of  the  blood  are  the  lymph  and 
chyle.  The  former  fluid  yields  the  nutritive  matters  taken  up  from 
the  intimate  structure  of  the  organic  body;  the  latter,  those  absorbed 
from  the  intestinal  canal.  Both  are  poured  into  the  blood  by  the 
thoracic  duct.  The  lymph  and  chyle  contain  albumen  and  fibrin  in 
solution,  but  these  substances  are  in  less  proportion  in  them  than  in 
the  blood.  The  lymph  has  so  great  a  resemblance  to  the  liquor  aan- 
guiniSj  that  the  latter  fluid  may  be  correctly  termed  the  lymph  of 
the  blood,  while  the  blood  may  be  regarded  as  lymph  with  red  par- 
ticles, or  the  lymph  as  blood  without  red  particles.  The  chyme  or 
digested  food  in  the  intestines  contains  albumen  in  solution,  but  no 
coagulating  fibrin;  the  latter  substance  is  formed  in  the  absorbent 
system,  and  thence  is  poured  into  the  blood.  It  is  a  remarkable 
iact,  which  I  have  observed  to  be  nearly  constant,  that  in  frogs  kept 
long  without  food,  the  blood  frequently  loses  its  property  of  coagu- 
lation, and  that  in  these  cases  the  lymph,  which  usually  coagulates 
quickly  like  the  blood,  also  does  not  coagulate.  In  winter,  however, 
the  blood  of  the  frog  often  coagulates,  although  not  completely;  and 
here,  as  in  all  cases  where  the  blood  of  this  animal  does  not  coagu- 
late perfectly,  the  coagulation  of  the  lymph  is  also  not  so  firm. 
Lymph  and  chyle  contain  somewhat  less  solid  matter  than  the  blood, 
and  especially  less  fibrin.  Chyle  is  less  distinctly  alkaline  than  the 
blood.  There  is  a  certain  quantity  of  uncombined  fat  in  the  chyle, 
which  appears  to  become  more  intimately  combined  in  the  blood. 
Iron  also  is  in  a  state  of  less  intimate  combination  than  in  the  blood, 
and  can  be  detected,  according  to  Emmert,  by  adding  tincture  of  galls 
to  chyle  previously  treated  with  nitric  acid. 
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Autenrieth  supposes  that  the  chyle  poured  into  the  circulation,  is 
converted  into  blood  in  the  course  of  ten  or  twelve  hours,  because 
within  this  period  the  serum  is  frequently  observed  to  be  milky.  It 
is  probable,  however,  that  the  change  is  effected  still  more  slowly; 
for,  as  I  have  already  remarked,  when  the  coagulation  of  the  blood 
is  retarded  by  the  addition  of  sub-carbonate  of  potash,  the  super- 
natant fluid  from  which  the  red  particles  have  subsided  is  often 
somewhat  turbid  and  milky. 

Origin  qf  the  red  particles. — The  scanty  globules  of  lymph  ob- 
tained from  the  lymph  cavities  under  the  skin  of  the  frog  are  only 
about  one-fourth  of  the  size  of  the  blood  particles  of  that  animal; 
while  from  the  elliptical  nuclei  of  the  latter  bodies  they  differ  in  their 
form,  being  spherical,  and  for  the  same  reason  they  are  still  more 
unlike  the  very  elongated  nuclei  of  the  red  particles  of  the  salaman- 
der's blood.  Were  it  not  for  these  differences,  we  might  suppose 
the  lymph  globules  to  be  the  nuclei  of  future  blood  corpuscules, 
more  especially  as  bodies  exactly  similar  to  them,  and  evidently 
identical  with  them,  are  found,  mingled  with  the  red  particles,  in 
the  blood.  The  globules  of  the  chyle  of  the  higher  vertebrata  differ 
still  more  than  these  lymph  globules  from  the  red  particles  of  their 
blood.  It  is  exceedingly  probable,  however,  that  the  lymph  globules 
are  the  cells  which  afterwards  become  the  red  particles  of  the  blood 
in  an  early  stage  of  their  development;  just  as  the  roundish  cells  of 
the  rete  tnucosum^  as  observed  by  Henle,  are  an  early  form  of  the 
epidermis  scales.  It  will  be  shown  hereafter,  that  the  lymph  glo- 
bules of  the  frog  contain  a  nucleus;  that  this  nucleus  is  apparently 
first  formed,  and  that  the  cell  or  exterior  part  of  the  globule  is  after- 
wards  developed  around  it  and  gradually  enlarges,  while  the  size  of 
the  nucleus  remains  the  same.  This  corresponds  exactly  with  the 
mode  of  formation  of  the  primary  cells  of  tlie  epidermis  and  other 
tissues,  in  the  manner  already  explained  in  Book  First.  The  iden- 
tity of  the  colourless  spherical  bodies  with  the  globules  of  the  lymph 
can  scarcely  be  doubted;  it  only  remains,  therefore,  to  demonstrate, 
that  the  flattened  and  elliptical  blood  corpuscules  are  formed  from 
them  by  the  flattening  and  extension  of  the  cell  surrounding  their 
nucleus,  as  the  analogy  of  the  process  of  development  of  the  other 
o^nic  elements  of  the  body  would  lead  us  to  suppose.  It  must  be 
confessed  that  this  is  not  yet  absolutely  certain,  though  there  are 
several  circumstances  strongly  corroborative  of  the  opinion,  such  as 
the  similarity  of  size  between  the  nuclei  of  the  lymph  globules  and 
those  of  the  red  particles,  the  presence  in  the  blood  of  the  frog  of  red 

Crtides  smaller,  more  circular,  and  less  flattened  than  the  rest,  and 
itly,  the  fact  observed  by  M.  Schultz,  that  in  the  blood  of  the 
elephant  there  are  bodies  of  various  form,  apparently  representing 
states  of  transition  between  the  colourless  globule  and  the  flattened 
red  particle.  That  such  intermediate  forms  are  not  more  frequently 
seen  may  be  accounted  for,  by  supposing,  that  the  transformation  of 
the  globule  into  the  disk  takes  place  very  rapidly  at  the  same  time 
that  the  red  colour  is  acquired.  The  transformation  of  the  round 
cells  of  the  epidermis  into  the  broad  flat  scales  must,  according  to 
15 
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the  observation  of  Schwann,*  be  very  rapid,  for  in  the  embryo  of 
the  pig  he  could  detect  no  forms  intermediate  between  them.  Ac- 
cording to  the  observation  of  Prof.  Weber,  indeed,  the  red  particles 
of  the  blood  circulating  in  the  capillaries  under  certain  circumstances 
reassume  for  a  time  the  globular  form  and  colourless  appearance  of 
lymph  globules.  (See  the  account  of  the  circulation  in  the  capilla- 
ries.) 

In  what  part  of  the  system  the  red  colouring  matter  or  envelope 
of  the  red  particles  of  the  blood  is  produced,  is  quite  unknown;  it  is 
not  present  in  the  chyle  and  lymph,  a  slight  trace  of  it  only  being 
sometimes  discoverable  in  the  thoracic  duct.  Respiration  seems  ta 
have  a  share  in  its  production.  Hewson's  hypothesis,  that  the  red 
colouring  matter  is  formed  in  the  spleen  and  in  the  lymph  of  the 
spleen,  which  is  sometimes  of  a  dirty  red  colour,  is  without  founda- 
tion; the  spleen  having  been  extirpated  from  living  animals  without 
bad  consequences. 

Formation  of  the  blood  in  the  ovum, — In  the  incubated  egg  the 
sole  material  for  the  first  formation  of  the  blood,  is  the  substance  of 
the  germ  or  germinal  membrane,  which  itself  grows  by  assimilation 
of  the  fluid  of  the  egg,  or  the  yolk.  It  may  be  distinctly  observed^ 
that  the  blood  is  generated  in  the  germinal  membrane  before  the 
vessels  and  glands  are  formed,  which  in  the  adult  have  some  influ- 
ence on  the  formation  of  the  blood.  The  germinal  membranei  al 
first  simple,  is  after  a  short  time  found  to  consist  of  an  upper,  thinner, 
or  serous  layer,  and  an  under,  thicker,  or  mucous  layer.  Around 
the  first  trace  of  the  embryo,  which  is  visible  in  the  centre  of  the 
germinal  membrane,  a  transparent  space,  or  area  pellucida^  is 
formed,  while  the  part  of  the  germinal  membrane  nearer  the  circum- 
ference remains  opaque,  and  this  opaque  portion  again  is  soon 
divided  by  a  line  of  separation  into  an  outer  and  inner  space.  These 
changes  take  place  in  the  ova  of  birds,  during  the  first  sixteen  or 
twenty  hours.t  That  part  of  the  opaque  portion  of  the  germinal 
membrane  which  is  immediately  within  the  line  of  separation  above- 
mentioned,  and  which  surrounds  the  innermost  portion  or  trans- 
parent area,  is  called  the  area  vasculosoy  because  within  it  the  blood 
and  vessels  are  formed.  As  far  as  the  area  vasculosa  extends 
there  is  found  between  the  two  layers  of  the  germinal  membrane  a 
granular  deposit,  which  soon  becomes  arranged  in  dense  granular 
islets,  separated  by  transparent  interspaces;  and  in  these  interspaces 
first  a  yellowish,  afterwards  a  red  fluid, — the  blood,— collects.  The 
presence  of  blood  is  first  distinctly  observable  in  the  periphery  of  the 
area  vasculosa. 

In  the  bird,  the  red  particles  of  the  blood  for  the  first  few  days 
after  its  appearance  in  the  germinal  membrane,  are,  according  to 
Prevost  and  Dumas,  round,  and  do  not  begin  to  assume  the  elliptic 
form  before  the  sixth  day;  on  the  ninth  dav  they  are  all  elliplicj 
He wson,  Schmidt,§  and  Dpellinger,  have  made  a  similar  observation. 

*  Structar  und  Wachsthnm  der  Thiere  und  Pflanzen,  p.  86. 
^  Yon  Baer;  de  ovi  Mammal ium  genesi. 

Froriep,  Notix.  175. 

Uber  (lie  Blalkorner.    Wfinbarg,  1899. 
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The  same  fact  has  been  observed  also  by  Baumgiirtner*  in  reptiles 
and  fishes^  and  by  E.  H.  Webert  in  the  tadpole. 

Banmg&rtner  describes  the  formation  of  the  red  particles  of  the 
blood  in  the  following  manner: — The  corpuscules,  he  says,  are  at  first 
not  elliptic  or  flattened,  but  globules  composed  of  a  number  of  smaller 
globules  similar  to  those  of  the  yolk  of  the  egg;  they  gradually  be- 
come transparent,  and  at  the  same  time  this  granular  state  disappears; 
the  transparent  ring  is  then  developed,  and  the  nucleus  formed.  The 
elliptic  form  is  gradually  assumed.  Weber  also  describes  the  cor- 
puscules  of  the  blood  in  very  young  tadpoles  to  be  composed  of 
several  smaller  granules.  Baumgartner  supposes  that  the  smaller 
granules  here  mentioned  are  derived  from  the  yolk.  Another  mode 
in  which  Doellingerj:  and  BaumgSlrtner  imagine  the  red  particles  of 
the  blood  to  be  formed,  both  in  young  and  adult  animals,  is  the  sepa- 
ration of  particles  from  the  parenchyma.  According  to  Schultz,§ 
the  blood-corpuscules  are  formed  in  the  germinal  membrane  of  the 
chick,  by  the  development  of  a  delicate  membranous  vesicle  around 
a  globule  of  the  yolk,  and  by  the  subsequent  extension  and  flattening 
of  this  vesicle. 

It  is  evident  that  in  the  embryo  the  blood  is  formed  from  the  sub- 
stance of  the  germinal  membrane,  which  assimilates  to  itself  the 
fluids  of  the  egg,  and  that  no  particular  organ  is  then  required;  for 
at  that  period  no  organs,  such  as  intestinal  canal,  liver,  spleen,  or 
lungs,  exist.  This  fact  teaches  us  that  we  must  not  expect  to  dis- 
cover the  process  of  the  formation  of  the  blood  and  its  red  particles 
(from  the  globules  of  the  chyle?)  in  any  special  organs  of  the  adult 
animal;  indeed,  it  is  very  probable  that  in  the  adult  the  chyle  is 
converted  into  blood  under  the  influence  of  the  same  general  vital 
conditions  which  are  in  action  in  the  incubated  egg. 

Jiction  of  respiration  in  the  production  of  blood, — Respiration 
seems  to  have  an  essential  share  in  the  process,  inasmuch  as  even  in 
the  incubated  egg  the  influence  of  atmospheric  air,  and  in  aquatic 
animals  that  of  water  containing  air,  seems  to  be  quite  necessary  for 
the  development  of  the  embryo,  and  the  air  in  these  cases  suflers  the 
changes  which  ordinarily  take  place  in  respiration.  In  the  foBtus  of 
mammalia  there  is,  however,  even  at  a  later  period,  no  distinct  dif- 
ference between  arterial  and  venous  blood,  and  the  want  of  respira- 
tion is  supplied  by  a  process  of  another  kind,  which  is  maintained  by 
means  of  the  union  of  the  ovum  with  the  uterus,  but  of  which  the 
natnre  is  unknown. 

Perhaps  respiration  is  not  more  immediately  necessary  for  the 
formation  of  the  colouring  matter  than  for  the  maintenance  of  life. 
That  the  blood  during  respiration  undergoes  a  change  necessary  to 
the  preservation  of  life,  is  proved  by  death  occurring  whenever  this 
function  is  interrupted.    The  nature  of  the  change,  however, — the 

*  Uber  die  Nerven  nnd  Das  Blut.    Freiburg,  1830. 
t  Loe.  eit.  iv.  478. 

j:  Denktohr.  der  Acad,  zn  Miinchen,  yii.  169. 
$  Syttem  der  Circulation.    StuUgart,  1836. 
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influence  which  respiration  has  on  the  formation  of  the  bloody— 
cannot  be  accurately  determined;  we  have  no  means  of  ascertaining 
whether  the  blood  would  acquire  its  red  colour  and  the  other  pro- 
perties connected  with  this  colour, — whether  any  red  particles  would 
be  developed, — if  respiration  were  not  performed.  A  very  small 
portion  only  of  the  changes  which  take  place  in  the  passage  of  the 
blood  through  the  lungs  is  recognisable,  and  that  is  the  change  of 
the  dark  red  colour  of  the  blood  to  a  bright  red,  which  during  its 
passage  through  the  capillary  vessels  of  the  body  generally  is  recon- 
verted to  a  dark  red.  But  unfortunately  even  here  it  is  the  change 
of  colour  only  that  we  are  acquainted  with,  and  not  the  chemical 
change  which  accompanies  it 

The  absorption  of  oxygen  and  the  separation  of  carbonic  acid  are 
the  causes  to  which  arterial  blood  owes  its  property  of  being  the  sole 
stimulus  of  living  structures.  Venous  blood  which  has  not  under- 
gone this  change  has  a  poisonous  action  on  the  organs  of  the  body, 
particularly  on  the  nervous  system,  and  annihilates  their  irritability; 
its  action  being  similar  to  that  of  carbonic  acid,  sulphuretted  hydro- 
gen, carburetted  hydrogen,  and  some  other  gases,  by  which  the  irri- 
tability of  the  organs  of  the  body  is  destroyed,  and  by  most  of  which 
the  arterial  blood  is  darkened  in  colour.  Cuvier*  supposes,  indeed, 
that  the  arterial  quality  of  the  blood  is  diminished  even  during  its 
course  from  the  heart  to  the  capillary  vessels,  by  reason  of  some 
change  of  composition  which  it  undergoes,  and  thus  explains  the 
inferior  degree  of  vitality  possessed  by  parts  distant  from  the  heart. 

Another  difficulty  which  we  are  quite  unable  to  solve  is,  whether 
the  venous  blood  is  incapable  of  supporting  life  from. having  lost 
something  which  arterial  blood  possesses,  or  from  having  suffered 
some  noxious  change  in  the  combination  of  its  elements,  the  natnral 
combination  being  in  the  latter  case  again  restored  by  respiration  and 
the  separation  of  the  carbonic  acid.  It  is  very  remarkable,  however, 
that  the  venous  blood  of  the  embryo  of  mammalia,  which,  strictly 
speaking,  does  not  respire,  has  not  this  poisonous  influence;  whether 
it  is  that  the  injurious  quality  cannot  be  developed  until  respiration, 
and  the  consequent  reciprocal  action  of  true  arterial  blood  with  the 
tissues  take  place,  or  that  the  want  of  respiration  is  supplied  by  the 
connection  of  the  embryo  with  the  mother. 

Since  the  blood  is  constantly  throwing  ofi*  carbon  in  the  process  of 
respiration,  it  might  be  thought  that  the  relative  proportion  of  nitro- 
gen in  the  body  ought  to  increase.  But  this  increase  is  not  perma- 
nent; for  an  excess  of  that  element  is  being  constantly  excreted  from 
the  body  in  the  urea  and  uric  acid  of  the  urine,  which  are  more 
highly  azotised  than  any  animal  substance. 

The  influence  of  the  spleen,  supra-renal  capsules,  and  of  the  thy- 
roid and  thymus  glands  on  the  formation  of  the  blood,  is  not  at  all 
understood. 

Influence  of  the  excretions  on  the  formation  qf  the  blood. — The 
separation  from  the  blood  of  certain  matters  which  are  afterwards 

*  Verg.  Anat  p.  147.    Anatomie  eomparee. 
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eliminated  from  the  animal  economy,  has  a  great  share  in  preserving 
the  normal  composition  of  the  circulating  fluid.  Some  of  the  matters 
here  alluded  to  have  been  introduced  from  without,  and  are  either 
in  themselves  useless,  or  are  in  too  abundant  quantity.  Of  these, 
water  is  got  rid  of  by  exhalation  from  the  lungs  and  skin  and  by  the 
urine;  the  mineral  substances  are  expelled  chiefly  by  the  urine;  and 
matters  containing  an  excess  of  carbon,  nitrogen,  oxygen,  or  hydro- 
gen, are  eliminated  in  various  ways: — the  carbon  by  the  lungs;  com- 
binations containing  much  carbon  and  hydrogen  by  the  liver;  and 
those  in  which  the  nitrogen  is  abundant  by  the  kidneys.  Some  sub- 
stances, also,  that  are  newly  formed  in  the  body,  being  taken  up  into 
the  blood,  disturb  its  normal  constitution,  and  must  therefore  be  ex- 
creted from  it.  Such  seem  to  be  several  of  the  matters  contained  in 
the  urine.  This  shows  how  the  proper  composition  of  the  blood 
when  once  established  is  maintained. 

Another  question  is,  whether  the  separation  of  certain  ingredients 
from  the  new  nutritive  matter  which  the  blood  derives  from  the 
food,  contributes  essentially  to  the  original  production  of  the  normal 
composition  of  the  blood.  The  lithic  acid  of  the  urine,  which  resem- 
bles urea  in  containing  a  greater  proportion  of  nitrogen  than  any 
other  organic  substances,*  is  derived  without  doubt,  at  least  in  part, 
from  this  source;  for  its  quantity  in  the  urine  is  increased  by  merely 
taking  animal  food,  or  substances  containing  a  large  proportion  of 
nitrogen;  and  in  the  urine  of  herbivorous  Mammalia  it  does  not  exist, 
being  replaced  by  hippuric  (urino-benzoic)  acid.  It  is  not  yet  known 
whether  lithic  acid  pre-exists  in  the  blood,  and  is  merely  separated 
from  it  by  the  kidneys,  or  whether  it  is  first  formed  in  the  urinary 
oi^ns;  although  under  certain  circumstances  it  is  deposited  from  the 
blood  in  different  parts,  for  instance,  in  the  neighbourhood  of  joints, 
forming  gouty  concretions. 

Urea  is  not  formed  originally  by  the  organs  which  excrete  it, — 
namely,  the  kidneys;  for  Prevost,  Dumas,  Mayer,t  Vauquelin  and 
Segalas}  have  shown  that  it  can  be  detected  in  the  blood  when  the 
kidneys  have  been  extirpated,  so  that  the  cause  of  its  not  being 
found  in  healthy  blood§  appears  to  be  its  excretion  by  the  kidneys 
as  fast  as  it  is  formed.  On  the  third  day  after  the  extirpation  of  both 
kidneys,  the  following  symptoms  arise: — Brown,  copious,  very  fluid 
evacaations  from  the  intestines;  vomiting,  and  fever,  with  the  tem- 
perature elevated  to  110^  Fahr.,  sometimes,  however,  depressed  to 

*  Tot  the  composition  of  area  and  nric  or  lithic  acid,  see  the  Section  on  Secre- 
tion, chapter  Tiii. 

iTiedemann  a  Treviranos,  Zeitschrifl  far  Physiol.  2,  2,  278. 
Biblioth.  Unifers.  xviii.  208. — Meckel's  Archiv.  yiii.  325. 
§  Dr.  Marchand  has  foand  that  the  solution  of  the  alcoholic  extract  of  seram  of 
eow^s  blood  when  mixed  with  chloride  of  sodium,  causes  that  salt  to  crystallise 
In  oetahedrona  instead  of  cubes.  And  since  the  property  of  thus  modifyingr  the 
fcum  of  crystallisation  of  common  salt  is,  as  far  as  we  at  present  know,  possessed 
hj  nraa  alone,  be  regards  this  fact  as  a  nearly  positive  proof  of  the  presence  of  that 
cnbstance  in  healthy  blood.  AVhen  the  kidneys  are  affected  with  Bright's  disease, 
the  urea  it  excreted  in  diminished  quantity,  and  is  then  always  present  in  the 
blood  (Chrittiton),  and  in  the  dropsical  effusions  (Rayer  and  Marchand}. 
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92°  Fahr.;  a  small  and  quick  pulse,  rising  to  200  beats  in  a  minute; 
and  frequent,  short,  and  at  last  laboured  breathing.  Death  ensues 
between  the  fifth  and  the  ninth  day.  By  some  writers  urea  in  the 
blood  is  supposed  to  be  a  useless  compound,  which  has  entered  the 
circulation  with  the  more  necessary  products  of  the  conversion  of 
food  into  blood;  and,  in  support  of  this  view,  they  cite  the  varying 
proportion  of  urea  with  the  quality  and  quantity  of  animal  food 
found  in  the  urine  as  the  product  of  renal  secretion  from  the  blood. 
By  others,  urea  is  believed  to  be  an  effete  product  of  the  change  of 
material  constantly  taking  place  in  the  organised  parts  of  the  body. 
The  formation  of  urea  by  reptiles,  which  have  fasted  for  months^ 
and  its  presence  in  the  urine  of  a  madman  who  fasted  eighteen  dajrs^ 
and  in  the  urine  of  herbivorous  animals  whose  food  contains  very 
little  nitrogen,  and  also  in  that  of  the  carnivorous,  as  the  dog,  when 
fed  for  eight  days  on  a  diet  of  sugar  perfectly  free  from  nitrogen^ 
&vour  this  last  opinion.  It  is  the  more  probable  one,  from  the  cir- 
cumstance, also,  that  the  lithic  acid  at  least  is  formed  in  the  embryo. 
It  is  found  in  the  allantois  not  only  of  birds,  but  also  of  Mammalia; 
and  the  foetus  of  Mammalia,  while  in  the  uterus,  does  not  respire  in 
the  proper  sense  of  the  word,  and  therefore  has  no  arterial  bloody 
although  the  want  of  respiration  is  supplied  by  its  connection  with 
the  mother.  Besides,  the  formation  of  the  substances  of  which  we 
are  here  speaking,  commences  extremely  early  in  the  embryo. 

By  means  of  the  skin  the  blood  throws  off  lactic  acid,  lactate  of 
ammonia,  muriate  of  ammonia,  and  carbonic  acid.  Lactic  acid, 
which  also  passes  off  by  the  urine,  is,  according  to  Berzelius,an  uni- 
versal product  of  the  spontaneous  decomposition  of  animal  matteis 
within  the  living  body;  it  is  formed  in  great  quantity  in  the  muscles, 
is  neutralised  by  the  blood  and  its  alkali,  and  separated  in  the  kid- 
neys with  acid  urine. 

The  important  office  which  the  bile  performs  in  the  assimilation 
of  animal  matters  in  the  intestines  is  not  well  understood.  The  fact 
of  its  being  poured,  both  in  vertebrata  and  in  moUusca,  into  that  part 
of  the  canal  where  the  formation  of  the  chyme  is  completed,  proves 
that  it  is  not  excrementitial  merely;  besides  its  most  abundant  com- 
ponent, picromel,  has  evidently  some  connection  with  the  assimila- 
tion of  the  chyme,  for  it  is  not  found  in  the  faeces.  Some,  however, 
of  the  components  of  the  bile  are  certainly  excrementitious  matteis 
thrown  off  from  the  blood;  and  these  are  essential  components  of 
the  faecal  matter.  Such  are  the  cholesterine  and  resin  of  the  bile,  and 
the  colouring  matter,  of  which  no  traces  are  found  in  the  chyle.  The 
liver,  therefore,  frees  the  blood  from  an  excess  of  matters  containing 
carbon  and  hydrogen,  and  from  fatty  matter,  while  the  kidneys  re- 
move from  it  the  superabundance  of  those  materials  which  contain 
a  largo  proportion  of  nitrogen.  The  colouring  matter  of  the  bile, 
which  is  excrementitious,  also  contains  nitrogen.  The  lungs  and 
liver  are  so  far  analogous,  inasmuch  as  both  separate  from  the  blood 
substances  containing  a  large  proportion  of  carbon.  In  the  former 
case,  however,  it  is  already  combined  with  oxygen;  in  the  latter  case, 
it  is  still  in  the  oxidisable  state.    Earlier  pnysiplogists^  and  more 
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recently  Autenriethy  and  particularly  Ticdemann  and  Gmelin,  have 
directed  attention  to  a  certain  vicarious  action  in  the  functions  of  the 
lungs  and  liver;  and  although  it  does  not  appear  that  the  size  of  the 
liver  is  throughout  the  animal  kingdom  in  the  inverse  ratio  of  the 
size  of  the  respiratory  organs,  yet  pathological  observations  are  cer- 
tainly in  favour  of  the  existence  of  such  a  relation. 

The  excretory  action  of  the  liver  is  exerted  also  under  circum- 
stances in  which  digestion  is  not  carried  on.  For  although  the  liquor 
ananiosis  swallowed  by  the  foetus,  it  is  only  during  the  latter  period 
of  gestation;  while  the  liver  is  developed  and  secretes  at  a  very  early 
stage  of  foetal  life,  and  the  bile,  although  less  bitter  and  less  coloured 
at  that  period,  contains,  according  to  Lassaigne,*  a  green  resinous 
matter  ftnd  a  yellow  colouring  matter,  but  no  picromel.  In  fact,  it 
is  the  excrementitious  matter  of  the  bile  of  the  foetus,  which  collects 
together  with  intestinal  mucus  in  the  lower  part  of  the  canal,  form- 
ing the  meconium.  It  appears  from  the  experiments  of  Tiedemann 
and  Gmelin,  that  the  secretion  of  bile  is  still  carried  on  in  hybernating 
animals  during  their  state  of  torpor.  These  inquirers  also  adduce 
the  observation  of  Cuvier,  that  in  many  molluscous  animals  a  small 
portion  only  of  the  bile  is  poured  into  the  upper  part  of  the  intestinal 
canal;  while  the  rest  is  evacuated  by  a  separate  duct  either  into  the 
caecam,  as  in  the  Aplysia,  or  near  the  anus,  as  in  the  Doris  and  Te- 
thys.  It  is,  however,  at  present,  very  doubtful  whether  the  secretion 
which  in  the  last  two  animals  is  poured  out  near  the  anus,  is  bile, 
and  it  certainly  cannot  be  the  greater  part  of  it.  I  have  examined 
several  large  examples  of  the  Doris,  and  found  the  excretory  duct 
which  Cuvier  discovered.  It  appears,  however,  to  arise,  not  like  the 
bile  dncts,  from  the  clustered  vesicles  of  the  liver;  but  by  numerous 
branches,  some  of  which  run  between  the  lobes  of  the  liver,  from  a 
reticular  tissue  which  is  extended  over  its  whole  surface,  while  one 
large  trunk  comes  from  the  interior.  To  me  it  appeared  that  two 
kinds  of  fluids  are  here  separated  from  the  blood,  which  is  distributed 
through  the  mass  of  the  liver,  there  being,  perhaps,  a  special  appa- 
ratus for  the  formation  of  each  secretion.  In  its  point  of  termination, 
the  duct  discovered  by  Cuvier  is  analogous  to  the  excretory  duct  of 
the  saccus  calcareus  of  snails,  but  its  origin  is  certainly  very  different. 

The  frequency  of  diseases  of  the  liver  and  the  intestinal  canal  in 
tropical  climates  and  hot  seasons,  and  of  affections  of  the  liver  and 
abdominal  organs  in  damp  marshy  air,  is  still  unexplained.  Could 
it  be  ascertained  that  these  circumstances  in  some  way  impede  the 
circulation  and  cause  congestions,  it  would  be  easy  to  conceive  why 
the  liver  and  intestinal  canal  should  suffer  most  in  consequence;  for 
the  circulation  in  these  viscera  must  be  doubly  impeded,  the  blood 
of  the  intestinal  veins  and  vena  porta  having  to  circulate  through  a 
second  capillary  system,  namely  that  of  the  liver,  before  it  reaches 
the  general  circulation.  Tiedemann  and  Gmelin  maintain  that  the 
increased  secretion  of  bile  in  tropical  climates  is  required  to  compen- 
sate for  the  diminished  purification  of  the  blood  in  the  lungs;  many 

*  Adii.  de  China,  et  de  Phys.  xyii.  304. 


176  FORMS  OF  THS  CIBCULATINO  ORGANS. 

persons  supposing  that  the  function  of  the  latter  organs  is  rendered 
inefficient  on  account  of  the  rarification  of  the  air  by  the  heat.  Ste- 
vens* thinks  this  assumption  incorrect;  for  in  the  West  Indies,  he 
says,  the  inhabitants  of  the  smallest  islands,  which  are  the  driBst  and 
hottest,  but  in  which  there  are  no  stagnant  waters,  are  not  subject  to 
diseases  of  the  liver,  and  increased  secretion  of  bile,  and  these  dis- 
eases arc  prevalent  in  hot  climates  only  where  the  atmosphere  is 
impregnated  with  malaria. 


SECTION  II. 
OF  THE  CIRCULATION  OF  THE  BLOOD  AND  OF  THE  VASCULAR  SYSTEM. 

CHAPTER  I. 
Oftht  Forms  of  the  Vascular  System  in  the  animal  kingdom. 

Peculiar  chemical  changes  of  an  organic  nature  are  effected  in 
the  blood  in  special  organs  of  the  body.  All  parts  of  the  system, 
however,  require  a  supply  of  blood  which  has  undergone  these 
changes,  and  tience  the  circulation  of  this  fluid  is  indispensable. 

The  circulation  of  the  blood  was  discovered  in  the  higher  animals 
by  Harvey  in  1619.  It  has  since  been  found  to  have  a  much  more 
extended  existence;  and  although  it  cannot  be  asserted  to  be  a  uni- 
versal character  of  all  animals,  yet  at  every  advance  of  observation 
new  traces  of  vessels  are  discovered  in  the  most  simple  beings. 
Ehrenberg  has  described  them  in  the  rototoria,  and  even  microscopic 
minuteness  does  not  appear  to  preclude  the  existence  of  this  complex 
structure.  The  following  are  the  more  important  facts  relative  to 
the  different  forms  of  the  vascular  system  in  the  animal  series: — 

Circular  currents  in  the  lotoer  animals. — In  several  of  the  lowest 
tribes  of  animals  there  are  small  circular  currents  of  granules  similar 
to  those  in  the  Chara.  These  circular  currents  in  animals  appear 
not  to  be  dependent  on  the  action  of  a  heart,  but  have  been  sup- 
posed to  be  the  result  of  ciliary  motion,  although  neither  Dutrochet, 
Donn6,  nor  any  other  observer,  has  been  able  to  detect  cilia  on  the 
globules  lining  the  cells,  in  which  the  rotation  of  granules  is  observed. 
(See  the  Bibliotheque  Univers.  Jan.  1838;  and  Comptes  Rendus, 
1838,  Nos.  16  and  18.) 

In  the  lowest  animals  of  which  the  circulation  has  been  accurately 
observed,  as  in  the  Planarise,  Echinodermata,  and  leech  tribe,  the 
motion  of  the  blood  is  effected  by  one,  two,  or  more  contractile  ves- 
sels. These  vascular  trunks  are,  however,  neither  arteries  nor  veins, 
but  are  in  part  contractile  hearts,  which  force  the  blood  into  anasto- 
mosing branches. 

Holothuria. — The  vascular  system  in  the  Holothuria,  the  disco- 

*  Obseirations  od  the  Healthy  and  Diseased  Properties  of  the  Blood,  London, 
1833,  p.  59. 
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Tery  of  which  is  attributed  to  Tiedemann,  but  was  previously  de* 
scribed  and  beautifully  figured  by  Hunter,*  seems  to  bo  of  this 
nature:  it  is  situated,  in  common,  on  the  intestine  and  on  the  respira- 
tory organ,  and  is  independent  of  the  system  of  water  tubes  with 
which  the  skin  of  this  animal  is  provided  for  the  erection  of  its  ten- 
taculat. 

In  the  Annelida  there  is  a  progressive  contraction  of  the  vascular 
trunks,  advancing  regularly  in  one  direction,  and  thus,  according  to 
Dug6s,  driving  the  blood  in  a  continued  circle  in  the  larger  vessels; 
while  at  the  same  time  the  circulating  fluid  is  thrown  alternately 
from  side  to  side  through  the  transverse  anastomising  branches,  one 
trunk  being  filled  while  the  other  contracts,  as  is  seen  in  the  Hirudo 
valgaris4  M.  Milne  Edwards,§  who  has  recently  investigated  very 
accurately  the  circulating  system  of  the  marine  Annelida,  finds  that 
while  they  all  agree  in  having  two  principal  systems  of  vessels,  the 
dorsal,  in  which  the  direction  of  the  current  is  forwards,  and  the 
ventral,  in  which  it  is  from  before  backwards,  the  contractile  organs 
which  give  rise  to  this  motion  of  the  blood  are  in  different  genera 
situated  at  different  parts  of  the  circle.  In  the  Terebellss  the  ante- 
rior part  of  the  dorsal  vessel  acts  the  part  of  a  pulmonic  heart,  and 
drives  the  blood  into  the  branchiae,  which  are  themselves  contractile, 
and  force  the  blood  into  the  ventral  vessel,  or  systemic  aorta.  la 
the  Nereides  the  dorsal  vessel  acts  the  part  of  the  systemic  heart. 

Insects. — In  animals  in  which  there  is  but  one  contractile  vessel, 
the  circulation  is  simple  but  perfect;  the  fluctuating  motion  of  the 
blood  from  side  to  side  does  not  exist,  and  there  are  distinct  arterial 
and  venous  currents.  Such  is  the  circulation  which  Carus||  has  dis- 
eoyered  in  insects:  the  blood  flows  in  a  simple  circle;  being  im- 
pelled forwards  by  the  dorsal  vessel,  it  returns  in  the  opposite  direc- 
tion through  the  body,  and  again  enters  the  dorsal  vessel. 

The  currents  are  very  simple  and  do  not  ramify;  the  feet,  for 
example,  have  each  two  currents  running  in  opposite  directions,  the 
arterial  being  reflected  uninterruptedly  into  the  venous,  so  as  to  form 
a  loop.  It  is  at  present  unknown  whether  the  internal  organs  of 
insects  receive  any  separate  vascular  currents. 

Jirachnida  and  Crustacea. — The  circulation  in  the  Arachnida 
and  the  lower  Crustacea,  such  as  the  Daphniae  and  Onisci,  according 
to  Zenker  and  Gruithusen,  is  nearly  as  simple  as  in  insects.    There 

^  See  the  Catalogae  of  the  Mus.  of  the  Collpge  of  Sargeons,  vol.  I.  p.  251. 

t  Tiedeinann,  Anatomie  der  Rohrenholothiirie,  &c. 

%  J.  Mdller,  Meckel's  Archiv.  1828;  and  my  observations  on  the  Arenicolie  in 
the  4th  Tol.  of  Bardarh*8  Physiol.  On  the  subject  of  the  annelides  generally, 
consult  Doges,  Aon.  des  sc.  nat.  t.  xv. 

f  Amral.  des  so.  nat.  1838,  t.  x. 

I  Efltdeekong  eines  Blatkrieslauf,  &c.  Leipzic,  1827. — Not.  act.  nat.  ctir.  t.  xv. 

LS.  The  ▼islble  circulation  of  the  blood  in  insects  was  imperfectly  known  to 
euwenhock  (Arcana  Nature)  and  Baker.  Hunter  was  well  acquainted  with 
the  heart  or  dorsal  yessel  of  insects,  and  also  with  the  lateral  canals,  which  he 
correctly  regarded  as  reins, — and  he  knew  the  course  of  the  circulation  from  dis- 
section and  injections.  (See  vol.  iii.  of  Mr.  Palmer's  Edition  of  Hunter's  Works, 
p.  173;  and  the  Cttalogae  of  the  Hunterian  Museam,  yol.  ii.  p.  31.) 
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is  no  distinct  pulmonary  circulation;  but  a  part  of  the  blood  is  aerated 
in  the  respiratory  organs  in  its  coarse  through  the  general  circulation. 
In  the  Arachnida  with  tracheal  organs  of  respiration  as  well  as  in 
insects,  the  blood  is  aerated  by  the  tracheae  which  ramify  most  mi- 
nutely in  all  parts  of  the  body. 

In  the  higher  Crustacea  there  is  either  a  long  tubular  heart,  as  in 
the  Squillae  and  allied  genera,  or  a  short  wide  one,  as  in  the  Deca* 
poda.  The  blood  is  collected  fiom  the  body  by  veins,  and  by  them 
carried  to  the  branchiae;  from  the  branchiae  it  returns  to  the  heart, 
which  again  distributes  it  to  the  body.  That  this  is  the  course  of  the 
blood  in  Crustacea  was  discovered  by  MM.  Edwards  and  Audoin, 
and  while  at  Paris  I  satisfied  myself  of  it  by  injecting  a  lobster.  I 
agree  with  Meckel  that  Strauss  is  incorrect  in  considering  the  mem- 
branous covering  of  the  heart  of  these  animals  to  be  an  auricle.* 

Mollusca. — The  circulation  in  the  MoUusca  is  similar  to  that  in 
the  Crustacea.  In  the  naked  Actphala  or  Tunicataj — as  the  ascidia 
and  salpa, — the  veins  from  the  branchise  enter  the  ventricle  imme- 
diately. In  the  Conchiferaj  as  well  as  in  most  Gasteropoda^  the 
blood  is  first  collected  in  an  auricle  (in  the  conchifera  there  are  two 
auricles),  and  thence  passes  to  the  ventricle. 

In  the  majority  of  the  Mollusca  all  the  venous  blood  circulates 
through  the  branchiae  before  reaching  the  heart.  In  Gasteropoda 
(Lima  and  Helix)  the  blood  from  the  lungs  is  in  part  distributed  to 
the  organ  which  secretes  the  lithic  acid  {saccus  calcareus)^  and  is 
then  collected  again  to  be  sent  to  the  auricle. 

Cephalopoda. — In  the  Sepia  there  are  three  separate  ventricles. 
The  systemic  ventricle  or  heart  gives  off  the  aorta,  which  distributes 
the  blood  to  the  body,  whence  it  is  brought  by  veins  to  the  two 
lateral  branchial  hearts;  by  these  it  is  sent  to  the  branchiae,  and  by 
the  branchial  veins  is  returned  to  the  systemic  heart. 

In  Fishes  there  is  but  one  auricle  and  one  ventricle,  the  venous 
blood  from  the  body  generally  being  collected  in  the  auricle,  and 
thence  transmitted  to  the  ventricle.  By  the  ventricle  the  blood  is 
impelled  through  the  contractile  bulbus  arteriosus  into  the  branchial 
arteries,  generally  four  in  number  on  each  side,  being  by  them  con- 
veyed to  the  branchiae,  from  which  it  is  returned  by  the  same  number 
of  branchial  veins;  these  branchial  veins  unite  to  form  the  aorta,  by 
the  branches  of  which  the  blood  is  distributed  to  the  body. 

In  Reptiles  there  are  two  auricles  and  one  ventricle  imperfectly 
divided  into  two  cavities.  The  venous  blood  brought  from  the  body 
to  the  right  auricle  is  partially  mixed  in  the  ventricle  with  arterialised 
blood,  which  is  received  from  the  lungs  by  the  left  auricle,  and  poured 
into  the  ventricle:  from  the  right  compartment  of  the  ventricle  the 
left  aortic  trunk  and  the  left  pulmonary  artery  generally  arise;  from 
the  left  cavity  the  right  aortic  trunk  and  generally  the  right  pulmo- 
nary artery;  it  is  from  the  right  aortic  trunk  that  the  arteries  of  the 
bead  and  upper  extremities  arise,  and  these  parts,  as  in  the  foetus  of 

*  See  Add.  d.  8c.  nat.  1887,  tab.  34-32. 
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mammalia  and  birds,  receive  a  larger  proportion  of  arterial  blood: 
the  two  aortic  trunks  unite  behind  to  form  the  descending  aorta. 

JimphibicL — Interndediate  in  the  chain  of  animals  between  fishes 
and  reptiles  is  the  class  of  Amphibia  or  batrachian  reptiles,  of  great 
interest  in  a  physiological  point  of  view,  on  account  of  the  metamor- 
phosis of  the  branchial  into  the  pulmonary  circulation  which  is  ob- 
served in  them.  All  the  Amphibia*  have  two  auricles,  the  separation 
between  which  is  not  visible  externally,  and  one  ventricle.t 

In  the  Frog, — The  branchial  circulation  in  the  frog,  during  the 
earliest  period  of  its  larval  condition,  when  it  has  external  branchiae, 
18  similar  to  that  in  the  larva  of  the  salamander.  During  the  second 
period,  in  which  it  has  internal  covered  branchiae,  and  in  which  the 
Jungs  begin  to  be  developed,  the  distribution  of  the  vessels  is,  accord- 
ing to  Huschke,  more  like  that  of  fishes;  the  arterial  trunk  divides  into 
the  branchial  arteries  for  the  four  branchial  arches,  and  the  branchial 
veins  collecting  into  large  trunks  run  parallel  to  the  arteries.  In  the 
larva  of  the  frog,  however,  there  is  a  short  anastomosing  branch  con- 
necting the  artery  and  vein  at  the  commencement  of  each  branchial 
arch,  which  does  not  exist  in  the  fish.  After  the  metamorphosis 
there  remains  on  each  side  but  one  arterial  arch,  which,  after  giving 
off  behind  the  arteria  brachialis,  unites  with  that  of  the  opposite  side 
to  form  the  aorta  abdominalis.  The  pulmonary  arteries  and  those 
of  the  head,  although  they  appear  to  arise  from  the  commencement 
of  these  two  aortic  arches,  do  not  really  communicate  with  them;  for, 
when  accurately  examined,  each  of  the  two  diverging  stems  into 
which  the  bulbus  arteriosus  divides,  is  found  to  consist  of  three  tubes 
united  apparently  into  one  trunk,  but  internally  separated  by  thin 
septa.  These  tubes  are  the  remains  of  the  branchial  arteries;  the 
middle  one  is  continuous  with  the  aorta;  the  most  inferior  gives  off 
the  pulmonary  artery  and  a  vessel  to  the  occiput,  while  the  superior 
one  forms  the  arterial  trunk  from  which  the  head  is  supplied.  Near 
the  origin  of  the  arteries  of  the  head  there  is  a  glandular  enlargement, 
— the  so-called  carotid  gland,  which  Huschke  has  shown  to  be 
formed  of  minute  ramifications  of  the  artery  which  enters  it,  and  of 
the  venous  radicles,  which  again  unite  into  a  single  trunk  that  issues 
from  the  mass.  This  body  is  supposed  to  be  the  remains  of  the  ca- 
pillary vessels  of  the  first  branchial  arch.  I  have  satisfied  myself  that 
it  has  a  cavity  in  its  interior,  and  that  the  stem  entering  it  is  con- 
tinuous till  its  exit,  passing  through  a  spongy  tissue,  which  is  most 
dense  externally,  although  the  external  surface  when  finely  injected 
does  present,  as  Huschke  describes,  a  delicate  network,  formed  from 
▼essels  passing  in  and  out. 

*  On  the  heart  of  the  amphibia,  consult  Weber's  Beitrage  ziir  Anal,  nnd  Phy- 
aioL    Bonn,  18351.    The  existence  of  two  auricles  in  the  perreni-branchiate  am- 

5»hibia  was  ditcoTored  by  Mr.  Owen,  Tsee  Transactions  of  the  Zoologfical  Societv 
or  1834,)  and  a  year  later  by  Prof.  Mayer  of  Bonn,  (see  his  Analect.  zur  vergf. 
Anat.  1835.) 

tForanacconntof  the  characters  which  distinguish  amphibia  from  reptiles,  see 
iollery  in  Tiedemann's  Zeitschrift,  iv.  3. 
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•Aortic  arches  in  the  embryo  of  the  higher  Vertebrata.'^The  true 
Reptiles  never  possess  branchiae,  and  they  undergo  metamorphosis 
only  during  the  foetal  state,  like  the  other  Vertebrata.  In  the  earliest 
period  of  foetal  life,  the  embryos  of  all  vertebrate  animals  have  clefts 
in  the  neck,  and  between  them,  arched  plates.  In  these  plates  run 
the  aortic  arches,  which  unite  again  posteriorly  into  one  commoa 
trunk.  This  was  discovered  by  Rathke;  it  is  satisfactorily  seen  in 
the  embryo  of  the  bird  on  the  third  day  of  incubation.  A  similar 
structure,  but  less  distinct,  exists  also  in  Mammalia  and  in  man.  It 
is  more  easily  seen  in  the  embryo  of  Reptiles.  In  these  higher  Ver- 
tebrata, however,  there  are  no  real  branchiee  with  branchial  lamellaB, 
but  merely  branchial  arches,  from  which  in  Fishes  and  Amphibia 
tlie  branchia  are  developed  by  ramification  of  the  aortic  arches,  while 
in  all  other  vertebrate  classes  they  gradually  disappear;  being,  it 
would  seem,  converted  into  the  cornua  of  the  os  hyoides.*  In  alt 
vertebrate  animals,  then,  during  the  earliest  stage  of  existence,  the 
main  arterial  stem  divides  into  aortic  arches.  These  arches  are  in- 
deed persistent  in  reptiles;  in  some  cases  two  on  each  side,— as  in 
the  true  lizards  and  blind  worm^ — in  other  cases  one  only  on  each 
side, — as  in  serpents.  In  the  higher  vertebrata, — birds  and  mam- 
maUa,  which  have  two  auricles  and  two  ventricles,— it  is  during  the 
fcetal  state  only  that  the  several  aortic  arches  exist;  at  first,  indeed, 
several  on  each  side,  which  unite  posteriorly  to  form  thb  descending 
aorta.  In  mammalia  there  are  during  foBtal  life  two  aortic  archee, 
which  unite  posteriorly  to  form  the  descending  aorta.  Of  these,  one 
arises  from  the  left  ventricle,  and  gives  off  the  arteries  for  the  upper 
part  of  the  body;  the  other  from  the  right  ventricle  gives  off  the  pal- 
monary  arteries  as  lateral  branches.  The  continuation  of  this  latter 
arch,  namely,  the  ductus  arteriosus,  by  which  it  unites  with  the 
aortic  arch,  at  last  ceases  to  be  pervious,  and  then  the  pulmonary 
arteries  become  the  sole  branches  of  the  trunk  arising  from  the  rigiu 
ventricle.  The  arch  of  the  aorta,  or  arcus  ventriculi  sinistri,  in 
mammalia,  turns  from  the  left  side  behind  the  oesophagus,  while  in 
birds  it  turns  from  the  right  side;  but  when  it  is  recollected  that  in 
the  embryo  state  of  both  classes  of  animals  there  are  several  arterial 
arches  on  each  side, this  apparent  anomaly  becomes  easily  intelligible. 
Besides  the  communication  between  the  two  arterial  arches,  there  is 
in  the  foetus  another  means  of  communication  between  the  two  sides 
of  the  heart,  namely,  the  foramen  ovale.  When  either  this  opening, 
or  the  ductus  arteriosus  remains  unclosed  after  birth,  the  arterial 
and  venous  bloods  are  mixed,  and  the  ccerulean  disease  is  produced. 

Varieties  in  the  circulation  dependent  on  the  relation  between 
the  less  and  greater  circulations, — As  soon  as  a  true  circulation  is 
met  with  in  ascending  the  animal  scale,  all  further  modifications 
depend  on  the  relation  in  which  the  vessels  of  the  respiratory  organs, 
or  the  smaller  circulation,  stand  to  the  vessels  of  the  body,  or  the 
greater  circulation.  Thus  either  a  portion  only  of  the  blood  is-aerated 
in  the  course  of  the  greater  or  systematic  circulation^  in  which  case 

•  J.  Muller,  MeekePs  Archiv.  1830,  p.  419. 
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the  smaller  or  pulmonary  circulation,  to  use  Cuvier's  expression,  is 
merely  a  fraction  of  the  greater,  or  all  the  blood  must  first  pass 
through  the  smaller  circulation  of  the  lungs  or  branchia,  before  it  is 
distributed  to  the  body  generally. 

The  varieties  which  nature  presents  in  the  origin  of  the  arteries 
and  veins  of  the  respiratory  organs  from  the  systemic  circulation 
are  very  numerous,  and  seem,  indeed,  to  comprehend  all  imaginable 
forms.    They  may  be  arranged  as  follows: — 

1.  The  smaller  circulation  a  fraction  of  the  greater  circulation. 

2.  The  smaller  circulation  opposed  to,  or  distinct  from,  the  greater 
circulation. 

Portal  circulation, — Besides  the  pulmonary  circulation,  there  is 
in  all  vertebrate  animals  another  still  smaller  circulation,  which,  like 
the  branchial  circulation  of  amphibia,  is  an  appendage  merely  of  the 
general  circulation.  This  is  the  portal  circulation;  it  is  a  mere  sub- 
ordinate part  of  the  venous  circulation,  in  which  the  blood  makes  an 
additional  circuit  before  it  joins  the  rest  of  the  venous  blood.  There 
are  in  the  vertebrate  classes  two  portal  circulations;  one  of  the  liver^ 
the  other  of  the  kidneys.  The  latter  exists  only  in  reptiles,  amphibia 
and  fishes;  the  former  in  all  the  vertebrata. 

In  Mammalia,  including  man,  the  veins  which  collect  the  blood 
from  the  spleen,  stomach,  intestines,  gall-bladder,  and  pancreas,  unite 
to  form  the  portal  vein,  which  ramifies  through  the  liver  like  an 
artery;  from  the  capillary  vessels  of  the  liver,  the  blood,  a  part  of 
which  was  supplied  by  the  hepatic  artery,  returns  through  the  he- 
patic veins  to  the  vena  cava,  and  there  becomes  mingled  with  tho 
venous  blood  of  other  parts.  In  the  other  classes  of  the  vertebrata, 
a  part  of  the  blood  of  the  lower  extremities  also  is  carried  to  the 
portal  vein;  and  in  fishes  sometimes  the  blood  from  the  air-bladder 
and  genital  organs.* 

In  reptiles  and  amphibia,  the  kidneys  have,  beside  the  renal  arte- 
ries, portal  veins,  which  bring  to  them  a  part  of  the  blood  of  the 
posterior  extremities  and  tail.  The  blood  returned  from  the  posterior 
extremities,  from  the  abdominal  muscles,  and  from  the  tail,  goes  partly 
to  the  liver,  and  partly  to  the  kidneys:— in  frogs  and  salamanders  to 
these  viscera  only;  whil^in  some  reptiles,  as  the  crocodile,  a  portion 
of  it  is  sent  to  the  vena  cava.  In  some  fishes,  as  for  example,  the 
gados,  the  blood  of  the  tail  and  middle  part  of  the  body  goes  wholly 
to  the  kidneys;  in  others,  as  in  the  carp,  pike,  and  perch,  the  venous 
blood  of  the  posterior  parts  of  the  body  is  distributed  to  the  kidneys, 
liver,  and  vena  cava.t 

Meckel,  who  considered  these  portal  veins  which  carry  blood  to 
the  kidneys,  to  be  ordinary  venous  trunks  conveying  it  from  them, 
founded  his  opinion  chiefly  on  the  class  of  birds,  in  which  Jacobson 
incorrectly  described  portal  veins  going  to  the  kidneys;  hut  the  non« 
existence  of  these  veins  in  birds,  which  had  been  previously  proved 
by  Nicolai,  is  no  argument  for  their  not  existing  in  reptiles,  amphibia, 

*  See  Jaeobton,  Nicolai,  and  Rathke. 

t  Jaoobion,  Meckel's  Aiehir.  1817—147.    Nicolai,  kis,  1826—404. 
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and  fishes,  in  which  classes  indeed  Nicolai  has  established  their 
presence. 

OF  THE  HEART. 

Essential  characters. — The  principal  impelling  power  of  the  cir- 
culation is  the  rhythmic  motion  of  the  heart.  The  heart  is  that  part 
of  the  vascular  system  which,  from  having  muscular  parietes,  not 
possessed  by  the  blood-vessels  generally,  is  endowed  with  contrac- 
tility. In  its  simplest  form,  therefore,  the  heart  still  resembles  a 
vessel;  this  is  exemplified  by  the  vessel-like  multiple  hearts  which 
constitute  at  the  same  time  the  main  vascular  trunks  of  the  annelida, 
by  the  contractile  vascular  trunks  on  the  intestinal  canal  of  the  holo- 
thuria,  and  by  the  dorsal  vessel  of  insects,  which  is  divided  into  a 
series  of  chambers.  The  correctness  of  this  view  is  very  evident  on 
examining  the  organ  in  different  orders  of  the  Crustacea:  thus,  in  the 
squillas  the  heart  is  a  contractile  dorsal  vessel,  while  in  the  decapoda 
it  is  a  short  and  circumscribed  chamber  or  ventricle. 

In  the  embryo  of  the  higher  animals  the  heart  is  at  first  tubular, 
and  is  nothing  more  than  the  contractile  part  of  the  vessels  at  which 
the  venous  trunks  are  reflected  into  the  arterial  stem. 

In  the  adult  of  the  higher  animals,  too,  the  heart  consists  of  a  short 
double  muscular  sac;  but  the  contractile  substance  is  continued  for  a 
certain  extent  on  the  venous  trunks  that  open  into  it,  and  in  fishes 
and  reptiles,  upon  a  part  of  the  arterial  stem,  the  so-called  bulbus 
aortm.  In  the  frog  the  trunks  of  the  venae  cavae  can  be  most  distincdy 
seen  to  contract  regularly  like  the  heart.  This  was  observed  by 
Haller,*  Spallanzani,  and  Wedemeyer.  The  contractions  appear  to 
me  to  extend  over  the  inferior  cava  as  far  as  the  liver;  and  are  still 
continued  and  with  regularity,  in  the  venous  stems,  after  the  heart  is 
removed.  First,  the  cavae  contract,  then  the  auricles,  next  the  ven- 
tricles, and  lastly  the  bulbiis  aoriae.  I  have  observed  contraction  of 
the  great  veins  in  the  mammalia,  both  in  the  young  marten  and  in 
the  young  cat;  in  these  animals,  however,  the  contraction  of  the  venae 
cavae  and  pulmonary  veins  is  synchronous  with  the  contraction  of  the 
auricles.  In  young  animals  the  pulmonary  veins,  as  far  as  they  can 
be  followed  in  the  substance  of  the  lungs,  present  most  distinct  con- 
tractions as  long  as  their  coats  are  not  injured  by  pressure.  The 
contraction  of  the  cardiac  end  of  the  superior  vena  cava  is  as  distinct 
But,  during  the  contraction,  the  distance  to  which  the  contractile 
substance  of  the  cava  extends  may  be  clearly  distinguished;  beyond 
this  limit  the  vessel  exhibits  not  the  slightest  contraction,  but  becomes 
rather  turgid  and  distended  by  blood  at  the  time  that  the  part  conti- 
guous to  the  right  auricle  is  contracted.  Retzius  has  described  a  layer 
of  peculiar  fibres  at  the  origin  of  the  vena  cava  of  serpents,  and  E. 
H.  Weber  has  found  the  same  in  the  inferior  cava  of  mammalia. 

These  observations  indicate,  that  in  its  simplest  form  the  heart  is 
merely  that  part  of  the  vascular  system  which  is  furnished  with 

•  Elementa  PbytloL  t.  ClVi. 
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muscular  structure,  and  endued  with  the  power  of  active  motion; 
and  that  it  is  still  a  heart  when,  as  in  the  lower  animals,  it  has  the 
form  of  a  simple  contractile  vascular  stenL  The  rest  of  the  vascular 
system  consists  merely  of  tubular  canals,  which  in  reference  to  mo- 
tion are  passive,  but  may  exert  other  important  influences  on  the 
blood.  Thus,  for  example,  by  virtue  of  a  power,  the  nature  of  which 
18  not  known,  they  maintain  the  fluidity  of  the  blood  as  long  as  it  is 
in  motion;  and  the  interchange  of  matters  between  the  blood  and  the 
tissues  which  takes  place  through  their  parietes  is  eflected  by  their 
influence.* 
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CHAPTER  11. 

or  THB  OBNEBAL  PHENOMENA  OF  THE  CIRCULATION. 

Cardiac  Beat  and  the  Pulse. — The  heart  of  an  adult  man  in  the 
middle  period  of  life  contracts  from  seventy  to  seventy-five  times  in 
a  minute.  The  frequency  of  its  action  gradually  diminishes  from 
the  commencement  to  the  end  of  life,  thus: — 

In  the  emliryo  the  number  of  beats  in  a  minnte  it 

JiMt  after  birth,  .... 

During  the  firat  year,        .... 

Daring  the  second  year 

Daring  the  third  year       .... 

About  the  seventh  year 

About  the  foarteenth  year 

In  the  middle  period  of  life    . 

In  old  age  ..... 

In  persons  of  sanguine  temperament  the  heart  beats  somewhat 
more  frequently  than  in  those  of  the  phlegmatic;  and  in  the  female 
sex  more  frequently  than  in  the  male.  The  number  of  the  pulsa- 
tions in  a  minute  varies  very  much  in  different  animals. 

In  fishes  the  number  of  beats  in  a  minute  is  from    20  to    S4 

In  the  frof  ....                          about    60 

In  birds from  100  to  140 

In  the  rabbit about  120 

••      eat  .                                                                     .110 

"dog  ......              95 

"      sheep  .......        75 

**      horse  ..*.••              40 

After  a  meal  the  heart's  action  is  accelerated,  and  still  more  so 
during  bodily  exertion;  it  is  slower  during  sleep.  The  observations 
of  Dr.  KnoXyt  Nick,t  Hohl,§  and  Dr.  Guy,||  have  shown  that,  in  the 
state  of  healthy  the  pulse  is  most  frequent  in  the  morning,  and  be* 

*  1  have  ffiTen  t  more  elaborate  description  of  the  yarious  forms  presented  by  the 
eirealation  in  the  animal  kingdom,  in  Burdach^s  Physiologie,  B.  iv. 

t  Sdlnb.  Med,  Surg.  Journal,  1815;  and  a  more  recent  paper  in  the  11th  toI.  of 
the  same  joomaL 

%  Loe*  eitat* 

f  Die  GeburUhnlflieke  Exploration.    Halle,  1835. 

I  Guy,  Hoapitid  ReporU,  Noa.  ri.  and  rii. 
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comes  gradually  slower  as  the  day  advances;  and  that  this  drnimti- 
tion  of  frequency  is  both  more  regular  and  more  rapid  in  the  evening 
than  in  the  morning.  It  is  found,  also,  that,  as  a  general  rule,  the 
pulse  is  more  frequent  in  the  standing  than  in  the  sitting  posture,  and 
in  this  than  in  the  recumbent  position;  the  difference  being  greatest 
between  the  standing  and  the  sitting  posture.  Thus,  in  100  healthy 
males  of  the  mean  age  of  27  years,  and  in  a  state  of  rest,  Dr.  Ouy 
found  the  mean  number  of  the  pulse,  standing,  79;  sitting,  70;  and 
lying,  67.  The  extremes  were  very  far  distant  from  this  mean  re- 
sult. Exceptions  to  the  general  rule  were  met  with  in  34  cases  out 
of  the  100.  In  either  sex  the  effect  of  change  of  posture  is  greater 
as  the  frequency  of  the  pulse  is  greater,  and  in  accordance  with  tbis^ 
is  more  marked  in  the  morning  than  in  the  evening.  But  it  is  re- 
markable that  in  the  female  the  pulse,  though  more  frequent,  is  much 
less  influenced  by  posture  than  in  the  male.  In  early  youth,  also, 
the  effect  of  posture  on  the  pulse  is  less  than  in  adult  age,  and  this 
influence  of  age  is  greater  in  the  female  than  in  the  male.  Different 
causes  have  been  supposed  to  account  for  the  effect  of  posture  onttie 
frequency  of  the  pulse.  Dr.  Guy,  by  supporting  the  body  in  differ- 
ent postures,  without  the  aid  of  muscular  effort  of  the  individual,  has 
proved  that  the  increased  frequency  of  the  pulse  in  the  sitting  and 
standing  positions  is  really  dependent  on  the  muscular  exertion  en- 
gaged in  maintaining  them;  the  usual  effect  of  these  postures  on  the 
pulse  being  almost  entirely  prevented  when  the  ordinarily  attendant 
muscular  exertion  was  rendered  unnecessary(a).  The  effect  of  food, 
like  that  of  change  c^  posture,  is  greater  in  the  morning  than  in  the 
evening.*  According  to  Parrot,t  the  frequency  of  the  pulse  in- 
creases in  a  corresponding  ratio  with  the  elevation  above  the  sea: — 

When  the  poise  at  the  level  of  the  sea  was        .  .  .70 

At  1000  metres!  above  its  level,  it  was         ...  75 

1500 S3 

2000       .......  90 

3500             .......  95 

3000 100 

4000 110 

In  inflammations  and  fevers  the  pulse  is  much  more  frequent  than 
during  health.  When  the  vital  powers  decline,  it  becomes  frequent 
and  feeble.  In  nervous  affections  with  more  oppression  than  ex- 
haustion of  the  forces,  the  pulse  is  often  remarkably  slow. 

If  the  heart  of  a  living  mammiferous  animal  or  bird  is  laid  bare, 
the  two  ventricles  are  seen  to  contract  simultaneously,  and  the  two 
auricles,  with  the  commencement  of  the  pulmonary  veins  and  of  the 
venae  cavae,  also  simultaneously,  the  contraction  of  the  auricles  and 

(a)  In  hypertrophy  of  the  heart,  the  differential  pnlse,  as  it  is  called,  is  not  met 
with.    There  is  no  change  in  the  pulse  with  change  of  posture. 

*  The  greater  number  of  the  fkcts  relative  to  the  variations  of  the  pulse  under 
the  influence  of  posture  and  period  of  the  day,  were  first  ascertained  by  Dr.  Knox; 
they  have  been  confirmed  and  others  added  by  the  numerous  and  weil^oondocted 
observations  of  Dr.  Guy,  (Med.  Gaaette,  1839.) 

j-  Froriep,  Notizen,  313.  See  also  Nick,  uber  die  Bedingungen  der  Haafigkeil 
des  Pulsus.    Tubingen,  1836. 

X  A  metre  is  about  three  feet  three  inohet. 
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that  of  the  ventricles  not  being  synchronous.  In  warm-blooded 
animals  the  auricles  contract  immediately  before  the  ventricle.  In 
the  frog  the  contractions  of  the  venous  trunks,  of  the  auricles,  the 
▼entricle,  and  the  bulbua  aortx^  appeared  to  me  to  follow  the  order 
in  which  I  have  specified  the  parts,  the  intervals  between  the  four 
contractions  being  nearly  equal;  so  that  the  same  interval  of  time 
elapsed  from  the  contraction  of  the  auricles  to  the  contraction  of  the 
ventricle,  as  between  the  contraction  of  the  ventricle  and  that  of  the 
bulb  of  the  aorta.  I  am  convinced,  from  repeated  observations,  that 
the  auricles  and  ventricle  do  not,  as  Oesterreicher*  asserts,  alternate 
in  action  at  equal  intervals,  like  the  motions  of  the  pendulum,  but 
that  the  time  that  intervenes  between  the  contraction  of  the  auricles 
and  the  contraction  of  the  ventricle  is  much  less  than  that  which 
elapses  from  the  moment  of  the  contraction  of  the  ventricle  to  the 
moment  when  the  auricles  again  act;  and  that  generally  the  con- 
traction of  the  bulbus  aortas  and  venous  trunks  occur  in  the  interval 
of  time  last  indicated.  In  warm-blooded  animals  I  have  seen  the 
contractions  of  the  auricles  cease  altogether  for  some  moments, 
which  must  have  been  caused  by  the  injury  inflicted  in  making  the 
observation.  Under  ordinary  circumstances,  the  auricular  contrac- 
tion was  always  a  very  quick  motion  immediately  preceding  the 
action  of  the  ventricle,  the  interval  of  time  from  the  contraction  of 
the  auricles  to  the  contraction  of  the  ventricle  being  certainly  very 
much  shorter  than  the  period  that  elapsed  between  the  contraction 
of  the  ventricles  and  that  of  the  auricles. 

The  contraction  (systole)  alone  of  the  heart  is  an  active  state;  the 
dilatation  (diastole)  is  the  moment  of  repose,  in  which  the  fibres  are 
relaxed,  and  in  which  the  blood  is  poured  from  the  contiguous  veins 
into  the  cavities  of  the  heart,  to  fill  the  vacuum  consequent  on  the 
relaxation  of  its  fibres:  the  valves  of  the  heart  being  so  arranged  as 
to  allow  the  influx  of  the  blood  from  the  veins.  The  dilatation  of 
the  heart  was  supposed  by  BichSt,  and  some  other  French  physiolo- 
gists, to  be  an  active  movement,  but  Oesterreichert  has  by  a  very 
ingenious  experiment  refuted  this  supposition.  He  removed  the 
heart  of  a  frog  from  the  body,  and  laid  upon  it  a  substance  sufficiently 
heavy  to  press  it  flat,  and  yet  so  small  as  not  to  conceal  the  heart 
firom  view;  he  then  observed  that  during  the  contraction  of  the  heart 
the  weight  was  raised,  but  that  during  its  dilatation  the  heart  re- 
mained flat  This  experiment  shows  that  the  dilatation  of  the  heart 
is  not  a  muscular  act;  at  the  same  time,  however,  it  must  be  recol- 
lected that  the  walls  of  the  heart  during  life  cannot  become  so  relaxed 
at  the  time  of  the  diastole,  as  in  a  heart  removed  from  the  body,  even 
althoagh  the  cavities  of  the  heart  were  not  filled  with  blood;  for,  in 
the  living  state,  the  capillary  vessels  of  its  substance  are  at  the  time 
of  relaxation  injected  with  blood,  which,  during  the  contraction,  is 
preawd  oat  of  them,  and  this  filling  of  its  vessels  must  give  it  some 
degree  of  finnness  and  rigidity. 

*  Lehre  vom  Kreislaaf  des  Blates.    Niinib.  1896. 
i  Loo.  dt.  p.  33. 
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The  contraction  of  the  ventricles  of  the  heart  would  drive  the  blood 
into  the  auricles  and  veins,  as  well  as  into  the  arteries,  if  the  valves 
were  not  so  constructed  and  attached  as  to  allow  the  expulsion  of 
the  blood  only  in  certain  directions.  There  are,  it  is  true,  no  valves 
to  prevent  the  auricles  from  forcing  the  blood  into  the  veins;  but  the 
stream  of  venous  blood  towards  the  heart  checks  its  regurgitation  in 
this  direction,  while  its  passage  from  the  auricle  into  the  ventricle  is 
free;  for  the  valve  at  the  auriculo-ventricular  orifice  is  so  attached  as 
to  allow  the  blood  to  flow  into  the  ventricle,  and  yet,  to  prevent  the 
regurgitation  of  the  blood  into  the  auricle,  when  the  ventricle  con- 
tracts; it  being  then,  by  the  pressure  of  the  blood  itself,  spread  out 
so  as  to  close  the  orifice.  The  escape  of  the  blood  from  the  ventricle 
into  the  great  arteries  is  unimpeded,  the  pouch-shaped  semilunar 
valves  situated  at  the  arterial  orifice  of  the  ventricle  being  separated 
from  each  other,  and  laid  close  to  the  walls  of  the  artery  by  the 
stream  of  blood  forced  into  it.  And  when  the  contraction  of  the 
ventricle  ceases,  regurgitation  from  the  arteries  cannot  take  place; 
for  the  blood  itself  presses  down  the  valves  towards  the  centre  of  the 
vessel,  and  spreads  them  out  so  as  to  close  the  orifice.  The  heart  bj 
this  arrangement  of  its  valves  is  constituted  a  kind  of  forcing-pump, 
like  the  common  syringe  with  two  valves,  of  which  one  admits  the 
fluid  on  raising  the  piston,  but  is  closed  again  when  the  piston  is 
forced  down,  while  the  other  opens  for  the  escape  of  the  water,  but 
closes  when  the  piston  is  raised  so  as  to  prevent  the  regurgitation  of 
the  fluid  already  forced  through  it. 

The  vascular  system  must  be  regarded  as  constantly  filled  with 
blood  in  all  parts.  The  heart's  cavities  alone  contract  at  each  beat 
so  as  to  expel  nearly  all  their  contents;  but  several  observations  show 
that  even  the  ventricles  do  not  empty  themselves  completely  during 
their  contraction.  While  the  vessels,  from  the  commencement  of  the 
arteries  to  the  capillary  vessels,  and  thence  to  the  insertion  of  the 
venous  tninks  into  the  heart,  are  filled  with  blood,  both  during  the 
contraction  of  the  ventricles  and  at  the  time  of  their  relaxation;  neither 
air  nor  a  vacuum  exists  in  any  part  of  the  vascular  system.  So  that 
the  contraction  of  the  aortic  or  left  ventricle  cannot  advance  the 
blood  in  the  arteries  except  by  forcing  on  the  column  of  blood 
already  contained  in  them;  and  the  advance  of  the  column  is  pror 
portionate  to  the  space  which  the  quantity  of  blood  forced  through 
the  aortic  orifice  by  each  contraction  of  the  ventricle — namely,  from 
one  to  two  ounces — occupies  in  the  commencement  of  the  aorta. 
When  the  contraction  of  the  ventricle  remits,  the  cause  of  the  motion 
ceases,  but  the  elasticity  of  the  arterie^s  overcomes  the  resistance 
ofiered  by  friction  in  the  minute  vessels,  and  still  forces  the  blood 
onwards;  a  continuous  current  is  thus  produced  from  the  aortic 
valves  to  the  capillary  vessels.  When  the  aortic  ventricle  again  con- 
tracts, and  again  forces  one  or  two  ounces  of  blood  into  the  aorta, 
the  current  is  accelerated,  and  the  column  of  blood  is  advanced  to 
the  same  extent  as  before.  The  result  of  this  succession  of  actions 
must  be,  that  exactly  the  same  quantity  of  blood  enters  the  heart 
from  the  veins  as  was  expelled  from  it  in  the  same  space  of  time  by 
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the  contraction  of  the  ventricles;  for  the  whole  mass  of  blood  forms 
one  great  circle  from  the  heart  to  the  heart  again — a  circle,  at  each 
and  every  point  of  which  the  same  quantity  of  blood  must  pass 
within  a  given  time.  The  contraction  of  the  ventricles  would  give 
rise  to  a  vacuum  within  them,  were  it  not  that  as  soon  as  the  con- 
traction ceases,  the  blood  impelled  by  the  vis  &  tergo  immediately 
flows  from  the  veins  and  auricles  into  the  ventricles  to  fill  the  im- 
pending vacuum;  and  it  is  the  same  with  the  auricles. 

The  pressure  of  the  column  of  blood  against  the  elastic  walls  of 
the  arteries  at  every  contraction  of  the  ventricle,  produces  what  is 
called  the  pulse.  This  phenomenon  will  be  more  particularly  con- 
sidered at  a  future  page;  here  it  is  only  necessary  to  remark,  that  the 
sensible  pulse  of  the  arteries  is  synchronous,  or  nearly  so,  with  the 
contraction  of  the  ventricle;  it  is  somewhat  later  than  the  heart's 
beat,  but  the  difference  of  time  is  scarcely  perceptible.  lu  the  ca- 
pillaries and  veins  the  pulse  is  no  longer  perceived. 

The  impulse  qftht  htart^-pulsus  cordis — must  not  be  confounded 
with  the  arterial  pulse.  The  heart's  impulse  is  the  shock  communi* 
cated  by  the  apex  of  the  heart  to  the  walls  of  the  thorax  in  the 
neighbourhood  of  the  fifth  and  sixth  ribs. 

Sounds  qfihe  heart. — When  the  ear,  or  a  stethoscope,  is  placed 
over  the  precordial  region,  two  sounds  are  heard  following  each 
other  quickly  at  every  beat  of  the  heart.  I  have  sometimes  heard 
them  in  my  own  person  at  night  when  lying  on  the  left  side.  Like 
the  heart's  impulse,  these  sounds  are  followed  by  a  pause.  The  in- 
tATval  of  time  between  the  two  sounds  compared  with  the  pause  is, 
according  to  my  observation,  in  the  proportion  of  1  to  3,  or  about  ith 
of  the  time  occupied  by  a  single  beat  of  the  heart  and  the  pause  fol- 
lowing it, — that  is,  about  jth  of  a  second.  From  repeated  and  long- 
continued  observations  I  am  satisfied  that  the  first  sound  is  synchro- 
nons  with  the  impulse  at  the  chest,  and  nearly  synchronous  also  with 
the  pulse  of  the  facial  artery,  which  is  only  ^y  h  of  a  second  later 
than  the  impulse  at  the  chest.  The  extent  to  which  the  first  sound 
was  distinctly  heard  in  a  healthy  female  did  not  exceed  the  space  in 
which  the  impulse  was  felt;  but  the  second  sound  was  audible  in 
nearly  the  whole  extent  of  the  chest,  as  high  as  the  clavicles.  In  a 
pr^nant  woman  the  two  sounds  of  the  foetal  heart  are  heard  through 
the  abdominal  parietes. 

It  is  now  pretty  generally  conceded  that  the  first  sound  is  due  to 
the  contraction  of  the  venticlcs  alone,  as  a  muscular  sound,  and  the 
second  sound  produced  by  the  reaction  of  the  columns  of  blood  in  the 
aorta  and  pulmonary  artery  upon  the  semilunar  valves,  spreading 
them  out.  Yet  they  must  be  rendered  more  perceptible  by  the  heart 
coming  into  contact  with  the  thoracic  parietes  during  the  systole  by 
its  apex,  and  during  the  diastole  by  its  anterior  surface. 

Wo  now  pass  to  the  description  of  the  greater  and  smaller  circU' 
laiian.  The  greater  circulation  is  the  course  of  the  blood  fibm  the 
left  side  of  the  heart  through  the  arteries  of  the  body,  and  back  again 
through  the  veins  to  the  right  side  of  the  heart.  The  course  of  the 
blood  from  the  right  side  of  the  heart  through  the  pulmonary  arteries 
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to  the  Iung9«  and  back  to  the  left  side  of  the  heart  through  the  pul- 
monary veins,  is  called  the  smalkr  circalation.  The  blood,  there- 
fore, in  fact,  makes  but  one  circuit,  of  which  there  are  two  divisions; 
in  each  of  these  the  blood  passes  through  capillary  vessels  from 
arteries  to  veins. 

a.  Smaller  or  Pulmonary  Circulation, 

The  same  quantity  of  blood  enters  the  right  auricle  from  the  su- 
perior and  inferior  cavas,  and  from  the  great  coronary  veins,  as  is 
impelled  during  the  same  period  of  time  by  the  left  ventricle  through 
the  arteries  of  (he  body.  On  the  contraction  of  the  auricle,  the  en- 
trance of  the  blood  of  the  veins  is  suddenly  interrupted;  but,  when 
the  auricle  becomes  relaxed,  the  blood  rushes  into  it,  and  into  the  right 
ventricle  also  as  soon  as  its  contraction  ceases.  The  auricle  now 
contracts,  and  immediately  afterwards  the  ventricle.*  By  the  con- 
traction of  the  auricle  the  blood  is  forced  through  that  orifice,  which 
remains  free.  It  cannot  regurgitate  into  the  venas  cavse,  because  it 
is  in  them  opposed  by  the  stream  of  venous  blood  which  continues 
to  be  impelled  towards  the  heart  by  the  vis  d  tergo;  and  the  opening 
of  the  coronary  veins  is  closed,  its  valve  being  applied  to  it  by  the 
pressure  of  the  blood  in  the  auricle.  The  blood  flows,  therefore,  into 
the  right  ventricle,  which  during  the  contraction  of  the  auricle  had 
become  partially  dilated  and  is  now  completely  distended.  While 
the  right  auricle  is  again  dilating  to  receive  the  blood  of  the  veins, 
the  right  ventricle  contracts;  and  the  blood,  which  cannot  regurgitate 
into  the  auricle  on  account  of  the  tricuspid  valve  being  spread  out 
by  the  pressure  of  the  blood  so  as  to  close  the  auriculo-ventricular 
orifice,  is  driven  into  the  pulmonary  artery. 

In  this  manner  the  venous  blood  returning  from  the  body  is,  by 
the  agency  of  the  right  side  of  the  heart,  transmitted  to  the  pulmonary 
circulation.  All  the  blood  contained  in  the  auricle  is  not,  however, 
forced  by  its  contraction  into  the  ventricle.  A  portion  regurgitates  , 
into  the  superior  and  inferior  venae  cavae;  or,  at  any  rate,  the  con- 
traction of  the  auricle  checks  the  flow  of  blood  from  the  venous 
trunks  towards  the  heart,  which  otherwise  would  continue  uninter- 
ruptedly. When  animals  are  opened  during  life,  the  great  veins  are 
seen  to  become  turgid  at  the  time  of  each  contraction  of  the  auricle; 
and  in  the  larva  of  the  triton  I  have  seen  the  blood,  in  the  inferior 
cava  and  hepatic  veins,  advance  only  in  periodical  jerks.  When  the 
escape  of  the  blood  from  the  ventricle  into  the  pulmonary  artery  is 
impeded  from  any  cause — whether  organic  change  in  the  pulmonary 
artery,  ossification  of  the  semilunar  valves,  or  impediment  to  the 
motion  of  the  blood  in  the  lungs— the  regurgitation  into  the  veins  is 
necessarily  increased.  The  regurgitation,  or  rather,  periodic  arrest 
of  the  blood  in  the  great  venous  trunks,  is  called  the  pulsus  venosus. 
It  cannot  extend  far,  on  account  of  the  yielding  nature  of  the  vein; 

*  In  vivisections  I  have  frequently  seen  two  contractions  of  the  aaricle  for  one 
of  the  ventricle,  and  sometimes  the  aaricle  did  not  eoniraet  at  all.  Both  these 
circa mstances  were,  however,  most  probably,  aoomalies. 


CAPILLAAISS  OF  THE  LUNGS.  189 

that  portion  only  of  the  venous  system  which  is  near  the  heart  is 
affected  by  iL 

The  blood,  once  in  the  arteria  pnlmonalis,  cannot  return  when  the 
ventricle  becomes  relaxed;  because  the  column  of  blood  in  the  artery 
itself  spreads  out  the  semilunar  valves  at  the  mouth  of  the  artery  and 
closes  iL  The  course  of  the  blood  from  the  right  ventricle,  through 
the  lungs,  to  the  left  side  of  the  heart,  is  called  the  smaller  circulation; 
it  does  not  really  form  a  circle,  for  the  blood  does  not  return  to  the 
point  from  which  it  started.  It  is  only  a  part  of  the  course  of  the 
whole  circulation,  and  would  be  better  named  the  pulmonic  course 
of  the  blood,  in  opposition  to  the  systemic  course  of  the  blood, 
which  together  with  it  forms  an  entire  circuit  or  circulation.  In  the 
pulmonic  course,  the  venous  blood  expelled  from  the  right  ventricle 
by  successive  new  portions  of  blood,  flows  from  the  branches  of  the 
pulmonary  artery  into  the  capillary  vessels  of  the  lungs,  and  through 
tliese  capillary  vessels, — in  which  it  becomes  scarlet,  or  arterial, — 
into  palmonary  veins,  which  pour  it  into  the  left  auricle.  The  ca- 
pillary vessels  in  the  lungs  are,  as  in  other  parts,  the  network  of 
minute  vessels,  which  intervene  between  the  smallest  branches  of 
the  arteries  and  the  radicals  of  the  veins;  but  here  the  meshes  of  the 
network  are  extraordinarily  small.  The  innumerable  capillaries  of 
the  longs  are  enclosed  and  spread  out  in  the  delicate  membrane 
forming  the  cells  in  which  the  last  branches  of  the  bronchi  terminate. 
This  membrane  that  forms  the  pulmonary  cells  is  a  continuation  of 
the  mucous  membrane  of  the  trachea,and  is,  consequently,  continuous 
throughout  the  lungs.  The  interior  of  the  lungs,  therefore,— omitting 
from  consideration  the  bronchial  tubes,  arteries  and  veins, — may  be 
regarded  as  a  most  extensive  surface  realised  in  a  small  space  by  the 
folding  of  a  membrane  in  the  form  of  cells,  this  membrane  containing 
a  dense  network  of  capillary  vessels.  The  process  of  respiration  is 
effisctad  by  the  contact  of  the  air,  which  enters  by  the  bronchi,  with 
the  inner  surface  of  these  cells,  in  the  parietes  of  which  the  particles 
of  blood  circulate  in  most  minute  currents. 

In  the  simpler  animals,  as  in  the  amphibia,  the  lungs  are,  indeed, 
mere  sacs,  with  internal  cellular  folds.  In  branchice  also, — the  second 
form  of  respiratory  organ, — the  essential  character  is  the  great  de- 
velopment of  surface  in  a  small  space;  but  in  them  the  development 
of  respiratory  surface  is  towards  the  exterior;  in  the  lungs  it  is  to- 
wards the  interior,  either  in  the  form  of  sacs  or  of  ramified  tubes.  In 
branchice,  as  in  lungs,  the  blood  is  distributed  over  an  extensive  sur- 
fiioe,  by  means  of  the  reticulated  capillary  vessels  contained  in  the 
branchial  plates  and  lamellae;  each  lamella  has  its  small  artery,  which, 
at  the  extremity,  is  reflected  into  a  small  vein,  descending  along  the 
opposite  border,  while  numerous  capillary  branches  keep  up  anasto- 
moses between  the  two.  In  frogs  and  salamanders,  the  motion  of 
the  blood  through  the  capillary  vessels  of  the  sacculated  lungs  can 
be  seen  by  means  of  the  microscope.*     The  spaces  between  the 

*  See  the  representations  by  Cowper,  in  Philos.  Transact,  abridged,  vol.  t.  p. 
SSI,  of  the  longs  of  the  ealamander,  by  Prevost  and  Damas,  in  Magendie's  Phy« 
siology,  t.  ii.  and  in  Dr.  Milligan's  translation. 
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Streams  of  blood  are,  according  to  my  observations,  islets,  distributed 
with  perfect  regularity,  and  scarcely  larger  in  diameter  than  the  cur- 
rents themselves.  The  motion  of  the  blood  is  seen  still  more  dis- 
tinctly in  the  capillary  vessels  of  the  branchiae  of  the  larva  of  the 
salamander.^  The  branches  of  the  pulmonary  arteries  and  veins  ia 
the  lungs  of  salamanders,  frogs  and  toads,  according  to  Dr.  Marshall 
Hall's  description,!  which  is  most  exact,  run  constantly  parallel  to 
each  other;  in  the  angle  formed  by  two  arterial  branches,  there  is 
always  a  venous  branch,  in  the  angles  between  two  venous  branches 
always  a  branch  of  an  artery.  In  the  septa  of  the  pulmonary  cells, 
which  project  into  the  interior  of  the  lungs,  the  arterial  and  venous 
branches  are  so  distributed  that  the  small  venous  twigs  run  along 
the  inner  border  of  the  septa.  The  ultimate  branches  of  the  arteries 
and  veins  terminate  abruptly  in  an  intermediate  network  of  capilla- 
ries, while  in  all  other  organs,  the  ramification  of  the  vessels  still 
continues,  passing  imperfectly  into  the  capillary  network.  The  ulti- 
mate branches  of  the  pulmonary  arteries  and  veins  are  throughout 
perforated  like  sieves,  to  give  off  and  receive  the  blood  of  the  capil- 
lary vessels.  Dr.  Marshall  Hall's  representations  of  the  capillary 
circulation  in  different  parts  are  extremely  interesting,  particularly 
the  Sth  plate. 

Destruction  of  the  capillary  network  of  the  pulmonary  cells  and  of 
the  air-cells  themselves  by  inflammation,  suppuration,  or  structural 
degenerations,  has  two  very  important  consequences:  in  the  first 
place,  diminution  of  the  respiring  surface,  the  effect  of  which  may  be 
imperfect  formation  of  the  blood,  and  at  last  wasting  of  the  body; 
secondly,  diminution  of  the  number  of  channels  through  which  the 
blood  must  pass,  and,  consequently,  impediment  to  its  course  from 
the  right  to  the  left  cavities  of  the  heart,  and  thence  to  the  general 
system.  In  warm-blooded  animals,  in  which  all  the  blood  must 
pass  through  the  capillary  system  of  the  lungs  before  it  can  arrive 
at  the  great  aortic  circulation,  any  diminution  of  the  extent  of  this 
pulmonic  capillary  system  must  be  productive  of  impediment  to  the 
circulation  generally;  and  hence  in  patients  suffering  under  pulmo- 
nary disease,  excessive  action  of  the  heart,  tendency  to  congestion 
of  blood  in  the  lungs,  disposition  to  inflammation  of  these  organSf 
and  feverish  excitement,  are  frequently  observed.  Any  other  organ 
might  be  wholly  destroyed  without  the  circulation  in  the  rest  of  the 
body  being  impeded,  but  the  loss  of  a  portion  of  the  lungs  is  a  source 
of  obstruction  to  the  circulation  generally;  hence  it  is  evident  that 
persons  suffering  with  pulmonary  disease  ought  to  avoid  everything 
which  might  produce  still  greater  impediment  and  excitement  in  the 
circulation.  From  this  consideration  may  also  be  explained  why 
extensive  destruction  of  other  parts,  unless  accompanied  by  a  con- 

^  Rasconi,  Delia  Circolazione  delle  Larve  delle  Salam.  aquaU  Pavia,  1817.^- 
Amoure  des  Salam.  aquat.  Milan,  1821,  in  which,  however,  the  transverse  branches 
of  the  branchial  lamine  are  not  noticed. — Steinbuch,  Analecten  fur  Natarkande* 
Fdrth,  1802. 

t  A  critical  and  experimental  Essay  on  the  Cireulatioii  of  the  Blood;  Londmi, 
1831;  plates  5—8. 
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Slant  draining  of  the  fluids  of  the  body,  does  not  always  excite  fever, 
while  diseases  affecting  the  substance  of  the  lungs  are  so  prone  to 
be  attended  with  hectic.  Disorganisation  in  other  parts  ordinarily 
produces  merely  the  local  effects  of  impediments  to  the  circulation; 
for  instance,  congestion  of  blood  and  effusion  of  serum,  in  the  form 
of  local  dropsies, — such  as  ascites,  in  cases  of  disorganisation  of  the 
liver,  &c., — which  are  proportionally  more  rare  in  affections  of  the 
lungs.  Gaspard  has  shown,  that  death  is  inevitable,  and  comes  on 
very  rapidly,  when  the  circulation  in  the  capillary  vessels  of  the 
lungs  is  obstructed  by  foreign  substances;  for  instance,  by  oil,  mucus, 
metallic  mercury,  powdered  charcoal,  and  powdered  sulphur,  in- 
jected into  the  veins. 

The  pulmonary  circulation  would  be  perfectly  isolated  from  that 
of  the  body,  were  it  not  that  the  bronchial  arteries  communicate 
with  the  small  branches  of  the  pulmonary  artery.  When  the  pul- 
monary artery  and  its  branches  are  narrowed,  the  anastomoses  be- 
tween them  and  the  bronchial  arteries  become  enlarged. 

If  the  chemical  changes  which  the  blood  undergoes  in  the  lungs 
are  arrested  by  suspension  of  the  respiratory  movements,  or  by 
breathing  irrespirable  gases,  the  blood  ceases  to  acquire  the  arterial 
character  in  the  lungs,  and  returns  of  a  dark  red  colour. 

b,  Oreater  or  Systemic  Circulation. 

The  blood,  having  assumed  its  arterial  colour,  flows  from  the  pul- 
monary veins  into  the  left  auricle;  and  then  commences  the  greater 
circulation,  or,  more  correctly,  the  systemic  portion  of  the  circulation, 
in  which  the  blood  is  impelled  into  the  arteries,  and  thence  into  the 
capillary  system  of  the  body,  where  it  acquires  a  dark  red  colour, 
and  returns  from  the  capillaries  through  the  veins  to  the  right  side 
of  the  heart.  When  the  auricles  dilate,  the  blood  of  the  pulmonary 
▼eins  rushes  into  the  left  auricle,  and  a  part  of  it  enters  the  left  ven- 
tricle. As  soon  as  the  muscular  contraction  of  the  ventricle  has 
ceasedvthe  auricle  contracts,  and  impels  the  blood  into  the  dilated 
ventricle,  which  is  thus  filled  to  its  greatest  capacity.  During  the 
contraction  of  the  left  ventricle  which  now  follows,  the  mitral  valve 
closes  the  auriculo-ventricular  orifice;  and  the  blood,  forcing  asunder 
the  semilunar  valves  at  the  mouth  of  the  aorta,  flows  into  that  ves- 
sel. Reflux  from  the  aorta  into  the  ventricle  cannot  occur,  for  the 
blood,  reacted  upoh  by  the  elastic  coats  of  the  vessel,  presses  down 
the  pouch-shaped  semilunar  valves  so  as  to  close  the  aortic  orifice. 
The  left  ventricle  contracts  with  much  greater  force  than  the  right 
Tentricle,  and  its  walls  are  in  the  adult,  as  is  well  known,  three  times 
thicker.  The  left  ventricle  requires  greater  power  on  account  of  the 
systemic  circulation  being  more  extensive  than  the  pulmonic  circu- 
lation, and  on  account  of  the  much  greater  resistance  which  must 
be  produced  by  friction  in  the  capillary  vessels  of  all  the  organs  of 
the  body. 

From  the  aorta  the  blood,  forced  onwards  at  each  beat  of  the  heart 
by  a  new  mass  ejected  from  the  ventricle,  is  distributed  throughout 
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the  whole  body,  with  the  exception  of  the  laDgs^and  passes  through 
the  capillary  vessels  into  the  veins. 

The  repeated  contractions  of  numerous  muscles  during  violent 
bodily  exertion  must,  by  the  pressure  excited  on  the  vessels,  interrupt 
the  motion  of  the  blood  in  a  great  part  of  the  body.  The  more  ex- 
tended the  operation  of  this  cause  of  obstruction  is,  the  more  it  re- 
sembles that  interruption  of  the  circulation  which  is  produced  by 
even  slight  obstructions  in  the  lungs.  Similar  effects  also  are  pro- 
duced; the  column  of  blood  offers  a  greater  resistance  than  usual  to 
the  power  of  the  heart;  the  blood  does  not  circulate  freely  and 
quickly  enough  through  the  lungs,  and  accumulates  there;  deficient 
aeration  of  the  blood  is  in  this  way  induced,  and  hence  arises  the 
labour  of  respiration  during  such  great  exertions,  which  is  attributed, 
but  less  correctly,  to  an  increased  call  for  arterial  blood.  The  con- 
tinued contraction  of  the  muscles  in  cases  where  single  limbs  are 
kept  for  a  long  time  in  action,  is  also  accompanied  with  accumula- 
tion of  blood  in  those  parts. 

The  smaller  arteries  in  every  organ  of  the  body  before  they  become 
capillary  are  connected  by  repeated  anastomoses  with  each  other,  as 
may  be  seen  in  any  finely  injected  membrane;  and  many  parts  of 
the  body  receive  blood  by  large  arteries  which  arise  from  very  iiiffer- 
ent  parts  of  the  vascular  system;  thus  the  brain  is  supplied  from  the 
internal  carotid  and  vertebral  arteries,  and  the  communication  be- 
tween the  epigastric,  mammary,  and  intercostal  arteries  is  well 
known;  similar  anastomoses  are  met  with  in  all  parts  of  the  body. 
The  capillary  system  of  all  connected  parts  being  continuous,  all  the 
vessels  of  the  body,  whether  arteries  or  veins,  are  also  connected 
through  its  medium.  The  capillary  vessels  of  the  whole  body  and 
the  anastomoses  of  the  arteries  form  in  this  manner  an  uninterrupted 
network,  which  receives  blood  from  innumerable  arteries,  and  can 
be  supplied  with  blood,  directly  or  indirectly,  from  different  sources. 
In  consequence  of  this,  if  the  vessel  which  usually  conveys  blood  to 
a  part  is  obstructed,  new  ways  of  supply  can  be  developed  by  the 
simple  dilatation  of  already  existing  communications  without  new 
vessels  being  formed.  Thus  is  explained  the  phenomenon  of  collate- 
ral circulation,  or  the  restoration  of  the  circulation  through  a  part 
after  obliteration  of  its  principal  vessel.  At  first  a  number  of  anas- 
tomosing branches  are  dilated,  and  by  degrees  distinct  vessels,  of 
considerable  size,  are  developed  from  among  them.  In  animals,  the 
aorta  abdominalis  even  may  be  tied  without  an  absolutely  fatal 
result,  although  in  the  two  instances  in  which  this  operation  was 
performed  on  man,  death  ensued.  But  all  the  other  great  arteries 
which  are  accessible  in  the  human  subject,  have  been  tied  in  cases 
where  it  was  necessary,  with  success.  There  are,  indeed,  cases  re- 
corded, proving,  that  when  it  takes  place  slowly,  even  the  oblitera- 
tion of  the  aorta  immediately  below  the  origin  of  the  arteries  of  the 
upper  part  of  the  body  does  not  preclude  the  development  of  a  col- 
lateral circulation,  the  blood  again  finding  its  way  circuitously  to  the 
part  of  the  aorta  below  the  obliteration  by  dilatation  of  anastomoses 
between  the  internal  mammary,  first  intercostal  artery,  and  the  in- 
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(ercostal  branches  from  the  aorta.*  In  a  case  of  this  kind,  described 
by  Reynaud,t  the  principal  communications  between  the  subclavian 
artery  of  each  side  and  the  part  of  the  aorta  below  the  obliteration 
were  effected  by  anastomoses  of  the  arteria  cervicalis  profunda, 
transversalis  cervicis,  and  intercostalis  prima  with  the  intercostal 
arteries  of  the  thoracic  aorta,  and  between  the  subclavian  and  crural 
arteries  by  direct  inosculation  of  the  internal  mammary  and  epi- 
gastric. 

The  blood  distributed  throngli  the  arteries  being  impelled  on- 
wards by  the  new  masses  constantly  ejected  from  the  left  ventricle, 
follows  the  course  indicated  through  the  vessels,  and  from  the  minute 
arteries  is  transmitted  throng!)  the  capillaries  into  the  minute  veins. 
This  transit  from  arteries  to  veins  can  be  observed  by  means  of  the 
microscope  in  many  transparent  parts:  so  that  its  existence  is  not 
merely  deduced  from  the  course  which  the  blood  is  known  to  take 
in  the  arteries  and  veins,  but  is  an  object  of  direct  observation. 

The  web  of  the  frog's  foot,  the  tail  of  young  fishes,  or  of  the  larvae 
of  the  salamander,  frog,  and  toad,  the  mesentery  of  all  Mammalia, 
the  wings  of  the  bat,  the  germinal  membrane  of  the  egg  of  oviparous 
animals,  are  all  parts  well  adapted  for  the  observation  of  the  capil- 
lary circulation4 

The  red  corpuscules  are  distinctly  seen  flowing  from  the  minute 
ramifying  arteries  into  a  network  of  vessels  of  nearly  equal  size 
throughout,  and  again  collecting  from  this  network  into  the  radicles 
of  the  veins,  which,  by  their  successive  reunion,  form  larger  trunks. 

In  the  finest  capillary  vessels  the  red  particles  flow  one  after 
another  in  a  single  series,  which  is  frequently  interrupted  for  a  time: 
when  they  flow  thus  singly,  they  appear  almost  colourless;  when 
accumulated  together  in  greater  number,  they  appear  yellow;  and 
when  in  still  larger  quantity,  they  are  yellowish  red  or  red.§ 

The  blood  during  its  passage  through  the  capillary  vessels  becomes 
of  a  dark  red  colour.  The  motion  of  the  blood  in  the  veins  is  con- 
tinuous, not  pulsatory  as  in  the  arteries.  Those  veins  which  are 
exposed  to  the  pressure  of  muscles,  have  pouch-like  valves  which 
prevent  the  backward  passage  of  the  blood  towards  the  capillaries; 
consequently,  any  pressure  on  the  veins,  instead  of  interrupting, 
favours  the  flow  of  the  blood  towards  the  heart.  In  the  veins  of 
parts  protected  from  external  pressure,  the  valves  do  not  exist.     In 

*  See  the  case  observed  by  A.  Meckel.     Meckel's  Archiv.  1887. 

t  Froriep's  Notiz.  537. 

t  See  the  representation  of  the  capillary  vessels  carrying  blood,  of  the  area  roa- 
eukma  of  the  egff  in  Pander^s  Entwickelungs-geschichte  des  Huhnchens  im  Ei;  ot 
joong  fishes  in  Doel)ing[er*s  Denkschift  der  Akad.der  Wissenschaft.  zu  Munchen, 
Bd.  vii.;  of  the  web  of  the  frog^s  foot  in  Schultz's  Lebens-process  im  Blote,  Ber- 
lin, 1823,  and  in  Marshall  Hall's  Essay  on  the  Circulation,  tab.  iii.;  of  different 
parts  of  frogs  and  Mammalia,  Kaltenbrunner,  Exp.  circa  statum.  sanguin.  et  vas. 
ID  Inilaromatione,  Monach,  1826;  of  the  mesentery  of  the  frog,  Reichel,  De  san- 
guine ejusque  mota,  Lips.  1767,  Marshall  Hall,  1.  c.  t.  iv.;  of  the  tail  of  the 
stickleback,  M.  Hall,  1.  c.  t.  i.;  of  the  embryos  and  larvs  of  fishes,  frogs,  and 
•alamanders,  Baumgartner  iiber  Nerven  und  Blut,  Freiburg,  1830. 

$  Tbe  eirculation  in  the  capillaries  will  be  more  minately  described  at  a  future 
page.  / 
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the  pulmonary  veins  Mayer  has  discovered  incomplete  valves;  and 
E.  H.  Weber  has  observed  valves  in  the  portal  vein  of  the  horse, 
which  do  not  exist  in  man. 

c.  Portal  circulation. 

The  blood  of  the  spleen,  intestinal  canaU  stomach,  pancreas,  and 
mesentery  is  not  returned  immediately  to  the  vena  cava:  the  veins 
of  these  organs  unite  to  form  the  vena  portae,  and  their  blood  is  in 
the  first  place  poured  by  this  vessel  into  the  capillary  system  of  the 
liver,  and  is  thence  conveyed  by  hepatic  veins  to  the  vena  cava.* 
The  hepatic  capillary  system  is  also  the  recipient  of  the  blood  from 
the  hepatic  artery;  and  hence  the  returning  hepatic  veins  receive  the 
blood  both  of  the  vena  portae  and  of  the  hepatic  artery.  Professor 
Retzius  of  Stockholm,  informs  me  that  he  has  discovered  in  man 
some  minute  communications  between  the  veins  of  the  intestines 
and  the  branches  of  the  vena  cava.  When  he  injected  the  vena  cava 
and  vena  portae  with  fine  injection  of  different  colours,  he  found  that 
the  whole  mesocolon  and  colon  sinistrum  were  injected  with  both 
colours,  and  veins  belonging  to  the  two  systems  at  several  places 
formed  anastomoses.  The  veins  of  the  colon  and  mesocolon,  which 
belonged  to  the  system  of  the  vena  cava  and  entered  the  left  renal  vein, 
lay  superficially,  while  those  which  belonged  to  the  vena  portse  lay 
for  the  most  part  nearer  the  mucous  membrane.  The  external  surface 
of  the  duodenum  also  had  received  injection  from  the  vena  cava. 
M.  Breschet  too  has  filled  the  inferior  mesenteric  vein  from  branches 
of  the  inferior  cava,  and  Schlemm  has  discovered  distinct  communi- 
cations of  the  inferior  mesenteric  vein  with  branches  of  the  inferior 
cava  about  the  anus.  From  this  fact  the  inference  may  be  drawn 
that  in  obstructions  and  congestions  of  blood,  perhaps  even  in  inflam- 
mations of  the  intestinal  canal,  abstractions  of  blood  from  about  the 
anus  will  be  of  service. 

The  blood  of  the  portal  vein  of  all  the  vertebrata, — and  the  blood 
of  the  afferent  renal  veins  in  fishes,  amphibia,  and  reptiles, — has  a 
second  time  to  overcome  the  resistance  offered  by  the  minute  canals 
of  a  ca{}illary  system,  before  it  reaches  the  heart.  I  have  discovered 
that  in  the  larva  of  the  salamander,  the  circulation  in  the  liver  can  be 
distinctly  seen  when  viewed  as  an  opaque  object  with  the  simple 
midoscope.t  The  blood  of  the  porta  in  its  passage  through  the 
capiUary  vessels  of  the  liver  into  the  hepatic  veins  is  seen  to  run  in 
the  interstices  only  of  the  acini,  and  the  single  particles  of  the  blood 
can  be  as  clearly  distinguished  as  in  transparent  parts.  The  blood 
in  tl^e  vena  cava,  as  well  as  in  all  the  venous  canals  of  the  liver,  flows 
in  jets,  probably  from  the  advance  of  the  blood  being  checked  by 
each  contraction  of  the  right  auricle,  or  of  the  inferior  vena  cava 
itself,  which  in  frogs  can  be  seen  to  contract  periodically.  There  is 
no  observable  difference  in  the  colour  of  the  blood  in  the  vena  cava, 
the  vena  portae,  and  the  hepatic  veins. 

*  See  paffe  181. 

t  Meckers  ArcbiT.  18S8.  See  the  drmwing  in  my  treatise,  De  gland,  pentt. 
struct,  tab.  z.  fig.  10.  ^ 
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Rate  qfihe  bloodPs  motion, — After  this  general  description  of  the 
circulation  of  the  blood,  it  remains  for  ns  to  consider  the  rate  of  its 
motion  and  the  time  in  which  it  completes  its  entire  circuit.  The 
rate  of  the  blood's  motion  in  the  vessels  must  not  be  judged  of  by 
the  rapidity  with  which  it  flows  from  a  vessel  when  divided.  In 
the  latter  case,  the  rate  of  motion  is  the  result  of  the  entire  pressure 
to  which  the  whole  mass  of  blood  is  subjected  in  the  vascular  system, 
and  which  at  the  point  of  the  incision  in  the  vessel  meets  with  no 
re»8tance.  In  the  closed  vessels,  on  the  contrary,  no  portion  of  blood 
can  be  moved  forwards  but  by  impelling  on  the  whole  mass,  and  by 
overcoming  the  resistance  arising  from  friction  in  the  smaller  vessels. 
With  respect  to  the  time  in  which  the  circulation  of  a  single  portion 
of  blood  is  completed,  the  following  results  have  been  deduced  by 
Hering  from  eighteen  experiments  on  horses.  The  time  required 
for  the  passage  of  a  solution  of  ferrocyanate  of  potash  of  different 
strengths,  which  is  mixed  with  the  blood,  from  one  jugular  vein 
(through  the  right  side  of  the  heart,  the  pulmonary  circulation,  the 
left  cavities  of  the  heart,  and  the  general  circulation)  to  the  jugular 
vein  of  the  opposite  side,  varies  from  twenty  to  twenty-five  or  thirty 
seconds.  The  same  substance  was  transmitted  from  the  jugular  vein 
to  the  great  saphena  in  twenty  seconds;  from  the  jugular  vein  to  the 
masseteric  artery  in  between  fifteen  and  thirty  seconds,  to  the  facial 
artery  in  one  experiment  in  between  ten  and  fifteen  seconds,  in 
another  experiment  in  between  twenty  and  twenty-five  seconds;  in 
its  transit  from  the  jugular  vein  to  the  metatarsal  artery  it  occupied 
between  twenty  and  thirty  seconds,  and  in  one  instance  more  than 
forty  seconds.  The  result  was  nearly  the  same  whatever  was  the 
rate  of  the  heart's  action.  These  results  do  not,  however,  accord 
with  the  estimate  of  the  time  occupied  by  the  circulation,  which  is 
deduced  from  the  quantities  of  blood  generally  supposed  to  be  con- 
tained in  the  body,  and  from  the  quantity  which  can  be  advanced 
at  each  beat  of  the  heart.  According  to  Wrisberg,  a  woman  lost  by 
a  fatal  flooding  twenty-six  pounds  of  blood,  and  in  the  beheading  of 
a  full-blooded  woman  twenty-four  pounds  of  blood  were  collected. 
And  if  we  suppose  two  ounces  of  blood  to  be  impelled  forward  at 
every  beat  of  the  heart,  it  would  require  one  hundred  and  sixty  beats 
for  the  circulation  of  twenty  pounds;  and  for  the  circulation  of  ten 
pounds  of  blood,  which  Herbst*  calculates  to  be  the  quantity  of  blood 
contained  in  the  human  body,  eighty  beats  of  the  heart  would  be 
required.  It  may,  therefore,  be  admitted  with  more  certainty,  that 
the  circulation  of  blood  in  man  is  completed  in  from  eighty  to  two 
hundred  and  fourteen  beats  of  the  heart,  or  in  from  one  to  two 
minute8.t 

The  time  in  which  a  portion  of  blood  performs  its  course  from  one 
side  of  the  heart  to  the  other,  varies  much  according  to  the  organ  it 
has  to  traverse.  The  blood  which  circulates  from  the  left  ventricle, 
through  the  coronary  vessels  to  the  right  side  of  the  heart,  requires 

*  De  mn^in.  qnantit.  Gottingen,  1823.    For  an  account  of  Valentines  ezperi- 
BMDtt  on  the  qoantitj  of  blood  contained  in  the  bodj,  see  page  140. 
t  See  Burdach,  Pbyiiologie,  It.  p.  101—853. 
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a  very  far  shorter  time  for  the  completion  of  its  course  than  the  blood 
which  flows  from  the  left  side  of  the  heart  to  the  feet,  and  back  again 
to  the  right  side  of  the  heart;  so  that  the  circulation  from  the  left  to 
the  right  cavities  of  the  heart  forms  a  number  of  arches,  varying  in 
size  ad  infinitum^  the  smallest  of  these  arches  being  formed  by  the 
circulation  through  the  coronary  or  nutritious  vessels  of  the  heart 
itself.  The  course  of  the  blood  from  the  right  side  of  the  heart, 
through  the  lungs,  to  the  left,  is  shorter  than  most  of  the  arches  de- 
scribed by  the  systemic  circulation,  and  in  it  the  blood  flows,  cteieria 
paribus^  much  quicker  than  in  most  of  the  vessels  which  belong  to 
the  aortic  circulation.  Although  the  quantity  of  blood  contained  in 
the  greater  circulation  of  the  body,  on  account  of  its  greater  extent, 
is  much  more  than  the  quantity  within  the  lesser  circulation,  yejt 
at  any  imaginary  spot  of  the  pulmonary  artery,  in  a  certain  space 
of  time,  just  as  much  blood  passes  as  at  any  imagined  point  in  the 
aorta;  for,  although  in  the  capillaries  the  circulation  is  subject  to 
great  variation,  in  the  main  trunks  of  the  closed  circuit  no  more 
blood  can  leave  one  point  than  finds  place  at  another  point.  If, 
therefore,  we  suppose  the  capillary  vessels  between  arteries  and  veins 
to  be  equally  large  in  the  lungs  and  the  rest  of  the  body,  a  far  greater 
number  of  them  must  be  included  in  the  same  space  in  the  lungs 
than  in  other  parts  of  the  body.  This  is  found  by  observation  to  be 
the  case,  for  in  the  lungs  of  frogs  the  interspaces  between  the  capil- 
laries are  scarcely  larger,  in  man  even  smaller  perhaps,  than  the 
diameter  of  the  capillary  vessels  themselves.  This  has  been  shown 
by  Cowper,  Wedemeyer,  Marshall  Hall,  Prevost  and  Dumas,  Weber 
(in  the  human  subject),  and  more  recently  by  myself. 

Lastly,  it  is  to  be  remarked,  that  the  rapidity  of  the  motion  of  tb^ 
blood  in  the  small  branches  must  necessarily  be  less  than  in  the 
trunks  generally,  if,  as  seems  to  be  the  case,  the  aggregate  sectional 
area  of  the  branches  of  a  stem  is  larger  than  the  sectional  area  of  the 
stem  itself,  although  this  must  not  be  regarded  as  strictly  proved.  If, 
however,  we  imagine  all  the  small  vessels  of  any  single  organ  united 
into  one  trunk,  and  the  blood  to  flow  in  a  circular  course  from  the 
artery  into  this  trunk,  and  thence  through  the  vein  into  the  artery 
again,  thus  forming  a  closed  circle,  although  the  movement  of  the 
single  particles  of  the  blood  will  be  more  rapid  in  those  parts  of  the 
circle  where  the  tube  is  narrow,  and  slower  where  the  tube  is  wider, 
still  within  a  given  time  the  same  volume  of  blood  must  pass  each 
and  every  point  of  the  circle. 
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CHAPTER  III. 

09  THE  HfiAET  CONSIDERED  AS  THE  CAUSE  OR  PROPELLING  POWER 

OF  THE  CIRCUIiATION  OF  THE  BLOOD. 

The  heart,  like  other  muscular  organs,  contracts  when  irritated 
mechanicaliy,  or  by  galvanism.  Soemmering,  Behrends,  and  Bichfit 
denied  the  influence  of  galvanism  on  the  heart;  but  I  have  fre- 
quently repeated  Humboldt's  and  Fowler's  experiments,  and  have 
obtained  the  same  results  as  they  did.  In  both  frogs  and  dogs,  in 
which  the  heart  had  ceased  to  act,  I  have  re-excited  its  contractions 
by  means  of  a  single  pair  of  plates,  or  a  weak  galvanic  pile.  But 
the  heart,  like  most  other  organs  which  are  endued  with  involuntary 
motion  only,  such  as  the  intestinal  canal,  is  distinguished  from  volun- 
tary muscles,  by  the  irritation  exciting  in  it  not  a  single  contraction, 
but  a  succession  of  periodic  contractions. 

The  heart  being  thus,  like  all  muscles,  excited  to  action  by  a 
stimulus,  it  is  very  natural  to  conclude  that  the  blood  contained  in 
its  cavities,  supplies  the  stimulus  during  life;  and  this  supposition  is 
strengthened  by  the  circumstance  of  the  heart's  action  becoming 
more  feeble  in  proportion  as  the  quantity  of  blood  it  contains  is 
diminished. 

To  explain  why  the  contractions  are  rhythmic,  it  has  been  said  that 
the  same  act — the  systole — by  which  the  heart  expels  its  stimulus — 
the  blood — in  one  direction,  causes  its  cavities  to  be  again  filled  with 
blood  from  the  veins.  In  the  same  way  the  alternation  of  the  con- 
tractions of  the  auricles  and  ventricles  may  be  explained,  since  the 
one  cavity  by  its  contraction  gives  rise  to  the  filling  of  the  other. 
But  although  a  certain  quantity  of  blood  and  a  certain  distension  of 
the  cavities  of  the  heart  is  so  necessary  for  the  preservation  of  its  ac- 
tion, and  although  any  mechanical  dilatation  of  the  heart  from  within 
must  have  the  effect  of  exciting  it  to  contract;  yet,  since  it  continues  to 
contract,  though  feebly,  when  emptied  of  its  blood,  it  is  evident  that 
the  stimulus  of  the  blood  in  its  cavities  cannot  be  the  primary  cause 
on  which  its  action  depends.  The  regular  succession  of  the  heart's 
contractions  may  be  explained  in  another  way.  The  heart,  at  each 
sj^ole,  expels  the  blood  from  its  nutritive  vessels,  and  when  the 
contraction  ceases,  these  vessels  are  again  filled  by  the  agency  of  the 
elastic  coats  of  the  arteries,  which  exert  a  constant  pressure  on  the 
blood  contained  in  them.  Now,  the  re-filling  of  the  minute  vessels 
of  the  heart  with  blood  during  each  diastole  may  be  supposed  to 
become  the  cause  of  a  fresh  contraction.  This  hypothesis,  however, 
is  refuted  by  the  same  fact  as  the  former;  for  the  heart,  particularly 
that  of  Amphibia  and  Fishes,  continues  to  contract  regularly— the 
auricle  and  ventricle  in  the  same  succession — when  it  is  removed 
from  the  body  and  emptied  of  its  blood;  in  Amphibia,  indeed,  the 
action  continues  for  hours.    This  might,  however,  be  explained  by 
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attributing  it  to  the  stimulus  of  the  atmosphere,  which,  although  its 
action  is  constant,  may  nevertheless  excite  periodic  contractions.* 
But  the  action  continues  in  a  vacuum,  and  an  external  cause  like 
the  air  does  not  explain  the  regular  succession  of  the  ventricular 
contractions  after  those  of  the  auricles.  The  cause,  then,  must  be 
in  some  way  connected  with  the  organisation  of  thd  heart,  and  with 
the  constant  mutual  action  which  is  going  on  between  the  blood  in 
the  capillaries,  or  between  the  cardiac  nerves,  and  the  texture  of  the 
heart;  and  whether  this  cause  be  constant  in  its  action  or  periodic, 
the  rythmic  contractions  of  the  heart  are  equally  explicable.(a)  The 
nature  of  the  cause,  however,  cannot  be  determined  in  the  present 
state  of  our  knowledge. 

1.  Influence  qf  respiration  on  the  hearths  action. — When  the 
chemical  changes  effected  in  the  blood  in  the  lungs  are  interrupted, 
— whether  it  be  from  the  respiratory  movements  being  checked,  in 
consequence  of  lesion  of  the  nerves  on  which  they  depend, — from 
mechanical  impediments  to  the  movements,  or  from  the  inhalation 
of  irrespirable  gases, — the  vital  action  of  all  the  organs  of  the  body 
is  depressed;  and,  in  the  higher  animals,  is  indeed  soon  annihilated. 
It  is  tme,  as  Bichfit  and  Emmert  have  shown,t  that  the  blood  no 
longer  arterialised,  continues  for  a  time  to  move  in  the  arteries;  and 
the  heart,  after  the  apparent  death  of  the  body,  generally  continues 
to  beat  slowly  and  feebly  even  in  warm-blooded  animals  during 
more  than  half  an  hour;  nevertheless,  interruption  of  respiration 
enfeebles  its  action  to  such  a  degree,  that  the  circulation  very  aoon 
ceases;  while,  on  the  other  hand,  if,  after  the  respiratory  movements 
have  been  interrupted  by  injuries  of  the  encephalon,  but  particularly 
of  the  medulla  oblongata,  or  by  poisoning,  artificial  respiration  be 
performed,  the  circulation  may  be  maintained  for  a  much  longer 
period,  whatever  be  the  animal  on  which  the  experiment  is  insti- 
tuted. In  a  dog  beheaded  after  tying  the  cervical  vessels,  and  in 
which  artificial  respiration  was  kept  up,  Brodie  saw  the  heart  con- 
tinue to  beat  for  two  hours  and  a  half,  at  the  rate  of  thirty-five  pulsa- 
tions in  a  minute;  and,  in  another  dog,  an  hour  and  a  half  at  the  rate 
of  thirty  pulsations  in  a  minute;}  so  that  the  influence  of  the  respirar 
tion  on  the  heart's  action  seems  to  be  greater  than  that  of  the  nervous 
system.  In  cold-blooded  animals,  however,  this  influence  of  the  respi- 
ration, or  of  arterialised  blood,  on  the  heart  is  much  less;  for  frogs, 
the  lungs  of  which  I  had  tied  and  removed,  have  lived  thirty  hours,  the 
action  of  the  heart  still  continuing;  while,  after  destruction  of  the  brain 
and  spinal  marrow  in  these  animals,  the  action  of  the  heart  ceases 
much  sooner,  namely,  in  six  hours;  consequently,  either  the  func- 
tion of  respiration  in  frogs  can  be  performed  by  the  skin  when  the 
lungs  are  lost,  or  the  brain  and  spinal  marrow  are  in  these  animals 
^uch  more  necessary  to  the  maintenance  of  the  heart's  action  than 
respiration.    The  latter  is  most  probably  the  more  correct  explana- 

^  In  aocordiDce  with  the  law  of  excitability,  stated  at  page  60. 

(a)  Dr.  J.  K.  Mitchell,  of  the  Jefferson  Medical  College,  baa  seen  the  he^  of 
a  sturgeon,  after  he  had  excised  it  from  the  body,  and  inflated  and  hang  it  np  to 
dry,  begin  again  to  move,  and  to  eontract  regularly  for  ten-honra. 

t  Rail's  Aichiv.  t.  401.  %  Ibid.  xii.  p.  140. 
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tion;  for  when  they  can  breathe  neither  by  the  hingsnor  by  the  skin, 
namely,  when  they  are  immersed  in  pure  hydrogen,  frogs  live  more 
than  twelve  hours,  as  I  have  myself  witnessed.  Though  here  it 
must  be  remembered,  that  ono  great  object  of  respiration  is  the 
removal  of  carbonic  acid  from  the  blood,  and  that  this  is  fulfilled,  in 
a  great  measure,  when  frogs  are  confined  in  hydrogen  gas.  The 
final  cessation  of  the  heart's  action,  in  cases  where  respiration  is 
suspended,  may  indeed  depend  chiefly  on  the  change  which  ensues 
in  the  nervous  system  when  it  no  longer  receives  red  blood. 

The  disturbance  of  the  circulation,  after  iiiterrupticn  of  the  respira- 
tion in  the  higher  animals,  is  certainly  not  produced  by  the  collapse 
of  the  lungs,  the  experiments  on  the  production  of  respiration  in  hy- 
drogen offering  an  impediment  to  the  passage  of  the  blood;  for  the 
motion  of  the  blood  in  the  arteries,  as  Bichfit  and  Emmert  showed, 
continues  in  such  cases  for  a  certain  time  undisturbed. 

Dr.  Goodwin  attributed  the  depression  of  the  circulatory  powers, 
aAer  interruption  of  the  respiration  in  the  higher  animals,  to  the  cir- 
cumstance of  the  left  ventricle  ceasing  to  receive  arterial  blood,  and 
supposed  that  the  influence  of  this  kind  of  blood  was  indispensably 
necessary  to  the  action  of  the  left  side  of  the  heart.  To  this  Bichftt 
replied,  that  in  animals  of  which  the  respiration  is  suspended,  the 
dark  blood  coming  from  the  lungs  to  the  heart  does  not  cause  the 
immediate  cessation  of  the  contractions.  This  and  other  arguments 
adduced  by  Bichfit*  are  not  conclusive.  It  is  not,  however,  at  all 
probable  that  each  side  of  the  heart  has  a  specific  irritability  for  dif- 
ferent kinds  of  blood;  for  in  the  foetus,  in  which  the  auricles  commu- 
nu»te  by  the  foramen  ovale,  and  in  which  there  is  no  pulmonary 
respiration,  but  only  some  peculiar  change  effected  in  the  blood  in 
its  passage  through  the  placenta,  both  sides  of  the  heart  receive  the 
aame  kind  of  blood.  If  the  immediate  action  of  bright  red  blood  on 
the  heart  is  really  necessary  to  the  maintenance  of  its  action,  Bich&t's 
eiplanation  is  much  the  more  probable.  He  supposes  that  interrup- 
tion of  the  respiration  deprives  the  heart  of  its  irritability,  by  prevent- 
ing the  supply  of  arterialised  blood  to  the  muscular  fibres  through  the 
coronary  arteries,  which  now  carry  dark  venous  blood.  But  although 
it  appears  certain  that  arterial  blood  does  exert  an  influence  on  the 
heart's  action,  yet  the  relative  degree  in  which  this  influence  and 
that  of  the  nerves  are  necessary  cannot  be  estimated;  for  all  disturb- 
ances of  the  respiration  produce  corresponding  disturbance  in  the 
action  of  the  nervous  system. 

2.  Injhienee  cf  the  nerves  on  the  hearVs  action, — The  influence 
of  the  passions,  and  other  atfections  of  the  nervous  system,  on  the 
heart's  action,  is  matter  of  constant  observation.  All  sudden  pas- 
sions at  first  disturb  and  then  accelerate  its  action;  the  contractions 
becoming  much  more  vigorous  and  frequent  under  the  influence  of  the 
exciting  passions,  while  they  are  rendered  feeble,  at  the  same  time 
that  they  are  accelerated  by  the  depressing  passions. 

Nevertheless,  some  persons  have  denied  the  dependence  of  the 

^  Recherches  ear  la  vie  et  la  mort. 
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heart  on  nervous  influence.  Thus  Haller  denied  it,  on  the  grounds 
that  the  heart  continues  to  contract  when  removed  from  the  body, 
and  that  irritation  of  the  cardiac  nerves  does  not  produce  those  con- 
vulsive actions  to  which  irritation  of  tiie  nerves  of  other  muscles  gives 
rise. 

The  first  researches  on  this  subject  are  those  of  Soemmering  and 
Behrends  on  the  cardiac  nerves,  in  1792,  which  tended  to  prove  that 
the  substance  of  the  heart  receives  no  nerves,  and  tliat  ail  the  fibres 
of  the  cardiac  nerves  in  the  heart  are  distributed  to  the  coats  of  the 
cardiac  vessels.  This  seemed  to  confirm  Haller's  doctrine  of  the 
contractility  of  the  muscles,  namely,  that  the  power  is  inherent  in 
the  muscles  themselves,  and  not  dependent  on  the  influence  of  the 
nerves,  and  that  the  nerves  excite  contractions  in  the  muscles  in  the 
same  way  as  external  stimuli,  whether  mechanical,  electrical,  or 
chemical;  and  it  also  seemed  to  prove  that  the  heart  not  being  en- 
dowed with  the  nervous  stimulus,  is  excited  to  motion  by  the  blood 
itself.  The  statement  of  the  same  experimenters,  that  galvanisih 
produces  no  contraction  of  the  heart,  while  it  has  this  efiiect  in  all 
muscles  provided  with  nerves,  seems  to  confirm  this  view  still  more 
strongly. 

But  Scarpa  has  demonstrated  that  the  cardiac  nerves  are  really 
distributed  in  great  abundance  to  the  muscular  substance  of  the 
heart.  Humboldt,  Pfafl*,  Fowler,  and  Wedemeyer  have  succeeded 
in  producing  contractions  of  the  heart  by  means  of  galvanism;  and  I 
have  repeated  their  experiments  with  success  in  frogs  as  well  as  in 
mammalia.  I  have  not  only  excited  immediate  contraction  in  a 
frog's  heart  which  had  ceased  to  pulsate,  by  means  of  a  single  pair 
of  plates,  but  with  a  battery  of  forty  pairs  of  plates  have  caused  the 
heart  of  a  dog  in  which  the  pulsations  had  ceased  to  contract  most 
actively.  Humboldt*  states  that  by  galvanising  the  cardiac  nerves 
he  has  produced  contractions  of  the  heart.  The  nerves,  as  Burdach 
remarks,  may  act  as  moist  conductors  when  one  wire  of  the  battery 
is  applied  to  them,  and  the  other  to  the  heart;  Burdach,t  however, 
actually  saw  the  contractions  of  the  heart  of  a  dead  rabbit  become 
stronger  when  he  applied  both  wires  of  the  battery  to  the  cervical 
portion  of  the  sympathetic  nerves,  or  to  the  iiiferior  cervical  ganglion. 
Such  experiments  on  the  motor  power  of  the  nerves  are  not  conclu- 
sive, unless  the  wires  are  applied  to  the  nerves  alone,  and  unless  the 
galvanic  action  is  very  weak.  Strong  discharges  may  be  transmitted 
from  one  point  through  moist  conductors  to  distant  parts,  and  in  that 
way  might  be  conducted  by  the  nerves  to  the  heart.  For  this  reason 
the  experiments  of  Burdach,  in  which  he  re-accelerated  the  action 
of  the  heart  of  a  dead  rabbit,  after  it  had  begun  to  fail,  by  touching 
the  sympathetic  nerves  with  caustic,  potash,  or  ammonia,  are  the 
more  interesting;  and  particularly  so,  since,  in  a  dead  rabbit,  painful 
impressions  can  no  longer  have  any  eflfect^  in  changing  the  action  of 
the  heart.    I  did  not,  however,  myself,  succeed  in  obtaining  the 

*  Ueber  die  gereizte  Maakel-und  Nerren-fSser,  i.  342. 
t  Physiol.  It.  464. 
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same  result  on  repeating  this  experiment.  The  experiments  which 
Brachet*  and  others  have  instituted  on  living  animals,  for  the  pur- 
pose of  determining  the  irritability  of  the  nerves,  are  of  no  value  with 
regard  to  the  heart,  its  action  being  so  much  affected  by  painful 
impressions. 

Another  phenomenon  which  distinguishes  the  heart  from  other 
muscles  is  the  persistence  of  its  rhythmic  contractions  in  their  regular 
order  in  the  different  cavities,  even  when  removed  from  the  body 
and  emptied  of  its  blood.  This  cannot  be  explained  otherwise  than 
by  supposing  the  heart  under  these  circumstances  to  retain  with  its 
nerves  some  specific  nervous  influencct  The  influence  of  the  nerves, 
therefore,  seems  to  be  the  ultimate  cause  of  the  contractions  of  the 
heart;  as  the  great  effect  which  irritations  of  the  brain  and  spinal 
marrow,  and  passions  of  the  mind,  have  in  modifying  its  action  also 
tends  to  show.  If  it  were  possible  to  destroy  the  vital  function  of  the 
nerves,  without  at  the  same  time  depriving  the  muscles  of  their 
power  of  contraction,  this  question  might  be  set  at  rest;  but  unfor- 
tunately the  narcotic  agents,  which,  when  applied  to  the  nerves,  take 
from  them  their  property — when  irritated — of  exciting  contractions 
in  the  muscles  to  which  they  are  distributed,  render  the  muscles  in- 
capable of  exercisuig  their  contractile  power  when  the  nerves  are 
irritated.  Opium  applied  to  the  heart  of  a  frog  soon  puts  a  stop  to 
its  motion;  this  effect  being  produced,  as  Henry  has  shown,  very 
rapidly  when  the  narcotic  is  brought  into  contact  with  the  inner  sur- 
face of  the  organ,  but  more  slowly  when  it  is  applied  merely  to  its 
outer  surface.  It  is  evident,  however,  that  the  nerves  have  a  great 
•hare  in  the  heart's  action,  from  the  sudden  disturbance  and  cessation 
of  the  rhythmic  movements  when  the  whole  spinal  marrow  is  sud- 
denly destroyed. 

Influence  cf  the  brain  and  spinal  cord  on  the  hearths  action. — 
The  inquiry  respecting  the  part  of  the  nervous  system  whence  this 
influence  on  the  heart  is  derived,  whether  from  the  cardiac  nerves 
«Dd  sympathetic  system,  or  through  the  medium  of  these  from  the 
«pinai  marrow  and  brain,  was  originated  by  BichSt.  Before  entering 
into  this  inquiry,  it  will  be  necessary  to  give  a  sketch  of  the  principal 
divisions  of  the  nervous  system.  The  functions  of  the  two  systems 
of  nerves  were  more  exactly  defined  by  BichSt.  The  nerves  arising 
from  [connected  with]  the  brain  and  spinal  marrow  have,  for  the 
most  part,  the  power  of  exciting  voluntary  motion  in  the  muscles  to 
which  they  are  distributed,  but  lose  this  power  when  their  connec- 
tion with  the  nervous  centres  is  cut  off;  and  the  nerves  arising  from 
the  spinal  marrow  are  also  deprived  of  the  power  of  communicating 

*  Reeherches  ear  1e  ay  at  erne  ganglionaire. 

I  Remak  (Caliper's  Wochenschrif^,  No.  X.  1839)  states,  that  the  minute 
branehes  of  nerves  which  he  had  traced  into  (he  muscular  substance  of  the  heart 
in  man,  as  well  as  in  many  mammiferous  animals,  consist  like  other  parts  of  the 
sjiapatlietio  nerve  of  the  peculiar  gray  orgranic  nervous  fibres  beset  with  small 
nnglia  (tee  the  fourth  chapter  of  the  second  section  in  the  book  on  the  Nervoap 
Sjsteiu).  And  by  the  presence  of  these  numerous  ganglia,  or  centres,  of  nervous 
influence,  he  explains  the  continuance  of  motion  in  the  heart  after  its  separation 
from  the  body.  But  it  must  be  remarked,  that  Valentin  denies  the  existence  of 
these  gangliated  organic  fibres. 
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volition  when  their  connection  with  the  brain  is  interrupted  by  injarjr 
of  the  spinal  marrow.  Nevertheless,  one  of  these  nerves  thus  cut  off 
from  its  source  of  volition — the  nervous  centres, — still  retains  for  a 
time  the  power  of  exciting  involuntarycontractionsof  muscles  when 
it  is  irritated  mechanically  or  by  galvanism. 

The  parts  to  which  the  branches  of  the  sympathetic  nerve  are 
distributed,  for  example,  the  heart,  intestines,  and  uterus,  are  en- 
dowed by  them  with  involuntary  motion  only.  The  sympathetic 
nerve  is  connected  with  the  brain  and  spinal  marrow  indirectly  only, 
through  the  medium  of  the  cerebro-spinal  nerves.  Bichftt  called  the 
cerebro-spinal  nerves  'Mhe  nerves  of  animal  life,"  the  sympathetic 
nerves  he  styled  the  *^  nerves  of  organic  life,"  and  ascribed  to  the 
latter  a  certain  independence  of  the  brain  and  spinal  marrow,  regard- 
ing the  ganglia  and  plexuses  as  their  nervous  centres.  Recently  a 
discovery  has  been  made,  which  in  the  history  of  physiology  ranks 
second  oiilv  to  the  discoverv  of  the  circulation  of  the  blood;  it  is,  that 
the  nerves  which  arise  by  an  anterior  and  posterior  root  from  the  spmal 
cord  derive  their  power  of  exciting  contractions  in  the  muscles  from 
the  anterior  root,  and  their  power  of  sensation  from  the  posterior  root. 
This  discovery  is  due  to  Charles  Bell.  I  have  since  proved  that  me- 
chanical and  galvanic  stimuli  applied  to  the  posterior  root  have  no 
power  of  exciting  contraction  in  the  muscles  to  which  the  spinal  nerves 
are  distributed.  Scarpa*  not  long  since  endeavoured  to  show  that  the 
connection  of  the  sympathetic  nerve  in  the  chest  with  the  commence- 
ment of  the  spinal  nerves,  implicates  the  posterior  roots  only  of  the 
latter  nerves,  and  not  their  anterior  roots;  and,  consequently,  that 
the  sympathetic  nerve  can  neither  be  intended  to  communicate  motor 
power  to  the  heart  from  the  spinal  marrow,  nor  possess  motor  power 
itself.  The  researches  of  Wutzer  and  myself,  as  well  as  those  of 
Retzius  and  Meyer,  have  shown,  however,  that  Scarpa  is  incorrect, 
and  that  the  communicating  branches  between  the  sympathetic  nerve 
and  the  spinal  nerves  receive  their  fibres  from  the  anterior  motor,  as 
well  as  from  the  posterior  sensitive  roots  of  the  spinal  nerves.t  The 
principal  experiments  made  with  a  view  to  elucidate  the  influence 
of  the  spinal  cord  and  brain  on  the  motions  of  the  heart,  are  those 
of  Legallois,  Philip,]:  Treviranus,  Nasse,  Wedemeyer,  Clift,  and 
Flourens. 

New  facts  were  brought  forward  by  Legallois§  to  prove  that  the 
cause  of  the  heart's  action  resides  in  the  spinal  cord  alone. 

Dr.  Wilson  Philip||  has  shown,  however,  that  the  experiments  of 
Legallois  have  not  explained  the  whole  relation  between  the  brain, 
spinal  cord,  and  sympathetic  nerves.  When  an  animal  is  deprived 
of  voluntary  motion  and  sensation  by  a  blow  on  the  occiput,  respi- 
ration ceases,  but  the  heart's  action  still  continues,  and  may  be  sup- 
ported for  a  long  time  by  keeping  up  artificial  respiration.    If  the 

*  Scarpa,  De  gangrUis  nenronini,  djMjae  oriffine  et  eaaentia  nerv.  intercostalit;  ad 
H.  Weber.     Annal.  univers.  d.  medicina.     Magg.  a.  Giagn.  1831. 
t  See  Meckel**  ArohU.  1831,  i.  p.  85.  S60. 
^  Inquiry  into  the  Laws  of  the  Vital  Fonetlons. 
$  Exp.  ear  le  principe  de  la  vie.     Paris,  1813. 
II  Inquiry  into  the  Laws  of  the  Vital  Functions. 
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Spinal  cord  and  brain  are  now  wholly  removed  by  the  knife,  the 
heart  nevertheless  still  continues  to  beat,  though  feebly;  and  even 
when  the  spinal  marrow  and  brain  are  destroyed  by  a  hot  wire,  the 
heart's  action  generally  continues.  Hence  Wilson  Philip  is  led  to  a 
conclusion  the  very  opposite  of  that  of  Legallois, — namely,  that  the 
heart's  action  is  essentially  independent  of  the  brain  and  spinal  mar- 
row; although,  as  his  experiments  seem  to  show,  the  influence  of 
both  brain  and  spinal  cord  has  a  great  share  in  the  sympathetic  affec- 
tions of  the  sympathetic  nerve  and  heart. 

The  conclusions  deduced  by  Flourens  from  his  experiments  on 
fishes  were,  that  the  action  of  the  heart  depends  solely  on  the  respira- 
tion, and  ceases  when  the  respiratory  movements  are  put  an  end  to  by 
injury  of  the  portion  of  the  nervous  centre  on  which  these  movements 
depend;  and  therefore  that  in  fishes,  the  respiratory  movements  of 
which  depend  on  the  medulla  oblongata  only,  circulation  continues 
after  injury  to  other  parts  of  the  cord.  Dr.  Marshall  Ha  11,*^  however, 
has  seen  the  circulation  in  fishes  endure  for  a  long  time  after  destruc- 
tion of  the  medulla  oblongata.  But  he  allows  that  the  heart  is  in 
sooie  measure  dependent  on  the  spinal  cord  and  brain.t 

The  experiments  of  Legallois,  Philip,  and  others,  considered  in 
connectiou  with  facts  already  known,  namely,  that  the  heart  when 
removed  from  the  body  still  continues  to  beat  for  a  long  time  (as  is 
strikingly  seen  in  the  hearts  of  reptiles,  amphibia,  and  fishes);  that 
depressing  afiections  of  the  nervous  system  weaken  the  force  of  the 
heart's  action;  and  that,  with  nervous  fainting,  feebleness  of  the  cir- 
colation  is  combined,  appear  to  warrant  the  following  inferences: — 1. 
That  the  brain  and  spinal  marrow  have  a  great  influence  on  the  mo- 
tion of  the  heart;  and  that  its  movements  may,  through  their  agency, 
be  accelerated  or  retarded,  depressed  or  invigorated.  2.  That  the 
heart's  action  still  continues  for  a  certain  time  after  simple  removal 
of  the  spinal  cord  and  brain  from  the  body.  (Flourens  observed  that 
pnlsation  of  the  carotids  continued  for  more  than  an  hour  in  rabbits 
under  these  circumstances,  artificial  respiration  being  kept  up.) 
That,  under  these  circumstances,  however,  the  heart's  motions  are 
much  feebler,  and  the  circulation  not  maintained  perfectly  for  any 
long  period.  3.  That  even  when  the  heart  is  cut  from  the  body,  and 
consequently  separated  from  the  greatest  part  of  the  sympathetic 
nerve,  its  contractions  still  continue  for  a  short  time. 

The  heart  is  not  so  much  dependent  on  the  influence  of  the  brain 
and  spinal  marrow  that  the  removal  of  these  organs  immediately 
annihilates  its  power  of  motion.  The  cardiac  nerves,  under  such 
circamstauces,  still  retain  a  portion  of  the  motor  influence,  and  even 

*  Essay  on  the  Circulation. 

t  Ob  this  snbject  consul tTreyiran us,  Biol,  W.  644.— Clift,  Phil.  Trans.  1815 

Wodcmeyer,  Physiol.  Untersuch.  iiber  das  Nervensystem  und  die  Respiration; 
Hannov.  1817.— Nasse,  in  Horn's  Archiv.,  1817,  189. — Flourens,  Versuche  liber 
die  Eigwischaften  and  Verrichtungen  des  Nervensystems;  Leipi.  1824.— Nasse, 
Uotanach.  xur  Lebentnaturlehre;  Halle«  1818;  which  contains  an  elaborate  re- 
view of  the  experiments  of  Legallois,  and  a  luminous  statement  of  the  whole  sub- 
ject. See  also  Land,  Physiol.  Resaltate  der  ViTisect.  neaerer  Zeit;  Kopenh. 
1886,168. 
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in  the  small  part  of  these  nerves  which  can  be  contained  in  a  heart 
cut  from  the  body,  there  still  remains  sufficient  nervous  power  to 
enable  the  organ  to  continue  its  motions  for  a  short  time.  But  the 
brain  and  spinal  marrow  must  nevertheless  be  regarded  as  a  princi- 
pal source  of  the  nervous  influence;  for  their  destruction  enfeebles 
the  heart's  action  to  such  a  degree,  that,  although  it  is  continued  for 
a  considerable  time,  its  force  is  not  sufficient  to  keep  up  the  circula- 
tion. The  only  mode  of  ascertaining  the  degree  in  which  the  heart 
is  subject  to  this  influence  is  that  adopted  by  Nasse.  He  measured 
the  height  of  a  stream  of  blood  which  issued  from  a  divided  artery 
in  the  normal  state,  then  destroyed  the  spinal  cord  or  single  parts  of 
it,  and  he  found  that  the  height  of  the  stream  of  blood  had  in  a  few 
minutes  diminished,  and  in  degree  proportioned  to  the  injury. 

The  sympathetic  nerve,  however,  is  certainly  not  dependent  on 
the  brain  and  spinal  marrow  in  the  same  degree  as  the  cerebro-spinal 
nerves.  This  is  evident  from  the  single  fnct,  that  in  fishes  the  con- 
tractions of  the  heart  continue  for  the  space  of  half  a  day  after  de- 
struction of  the  brain  and  spinal  marrow. 

Circulation  in  acephalous  monsters. — In  monsters  in  which  brain 
and  spinal  cord  are  wanting,  the  circulation  seems  to  be  still  more 
independent  of  the  nervous  centres;  but  the  anatomy  of  these  mon- 
sters is  not  at  present  known  with  sufficient  accuracy  for  any  con- 
clusion with  regard  to  the  present  question  to  be  drawn  from  them. 
In  hemicephalous  monsters  the  brain  has  mostly  been  destroyed  by 
hydrocephalus,  and  the  same  disease  may  also  destroy  the  spinal 
marrow. 

In  acephalous  monsters  the  heart  also  is  generally,  but  not  always 
absent;  and  the  vascular  system  consists  generally  only  of  two  sjrs- 
tems  of  vessels  connected,  not  by  their  trunks,  but  only  by  their 
capillaries,  the  umbilical  vessels  being  branches  of  these  trunks.* 
Winslow'scase  is  the  only  one  in  which  the  umbilical  vein  was  con- 
tinuous with  the  arterial  trunk,  resembling  that  condition  of  the 
embryo  in  which  the  heart  is  merely  the  part  at  which  the  venous 
trunk  makes  a  bend  and  is  continuous  with  the  arterial.  Brachett 
has  collected  all  the  accounts  of  acephalous  monsters  in  which  the 
spinal  marrow  also  was  deflcient4  The  case  mentioned  by  Ruysch,§ 
in  which  an  inferior  extremity  was  connected  with  the  placenta  of  a 
welt-formed  foetus,  is  particularly  remarkable.  Emmert||  has  de- 
scribed a  product  of  conception  which  consisted  almost  entirely  of 
an  extremity  hung  to  an  umbilical  cord,  and  contained  vessels,  arte- 
ries, and  veins,  and  a  short  stump  of  spinal  marrow.T  There  is  lio 
difficulty  in  explaining  the  circulation  of  the  monster  without  heart 
and  spinal  marrow,  when  its  vessels  are  merely  branches  of  the  ves- 
sels of  the  umbilical  cord  of  another  foetus,  as  was  the  case  in  the 

*  Tiedemann,  Anat.  d.  Kopflos.  Missgeburt;  Lanshat,  1813. 
t  Loc.  cit 

%  See  also  Meckel,  Pathol.  Anat.  i.    Elben,  De  Acephalis;  Berol.  1831. 
S  Thedaur.  Anat.  is.  p.  17.  tab.  i.  fig,  2. 
I  Meckel,  Archly.  ▼!. 

IT  A  similar  case  is  described  by  Hayn,  Monstil  UDlcom  Pedem  referentif  be- 
Bcriptio  anatomica.    Berol.  1894. 
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monster  described  by  Rndolphi,*  which  consisted  of  a  head  only, 
and  in  the  case  which  I  observed  myself  of  a  head  which  was  con- 
nected by  arteries  and  veins  with  the  nmbilical  vessels  of  a  com- 
pictely  formed  child. t  Rudolphi,  to  explain  the  circulation  in  other 
monsters  without  heart,  says  that  the  blood  of  the  mother  passes  to 
the  foetus  through  the  umbilical  vein,  which  is  distributed  through  it 
like  an  artery,  and  that  the  arteries  of  the  fcetus  bring  back  the  blood 
to  the  umbilicus  and  placenia4  This  explanation,  however,  is  con- 
tradicted by  anatomy,  for  the  vessels  of  the  foetus  or  placenta  do  not 
really  communicate  with  those  of  the  mother. 

Influence  of  the  sympathetic  nerve  on  the  hearVs  action, — 
Ackermann  strangely  asserted,  without  any  grounds,  that  the  sym- 
pathetic nerve  is  the  part  first  formed  in  the  fretus.  The  very  meri- 
torious Rolando  has  also  deserved  censure  in  declaring  the  first  traces 
of  the  vertebrae,  at  the  side  of  the  spinal  cord  in  birds,  to  be  ganglia 
of  the  sympathetic  nerve. 

Not  only  brain  and  spinal  cord,  but  all  the  organs  in  their  state  of 
vital  action,  and  consequently  the  wliole  system,  react  upon  the  sym- 
pathetic nerve  through  the  medium  of  the  nervous  fibrils  accom- 
panying the  blood-vessels,  and  excite  its  peculiar  motor  power.  The 
constant  source  of  the  heart's  contractility  is,  therefore,  prima  loco 
the  motor  power  of  the  sympathetic  nerve.  But  the  maintenance  of 
this  power,  and  its  excitement,  are  dependent  not  only  on  the  brain 
and  spinal  cord,  but  probably  on  the  vital  stimulus,  transmitted  by 
all  the  organs  of  the  body,  through  the  medium  of  the  nerves  ac- 
companying the  vessels,  to  the  central  portions  of  the  sympathetic. 
Hence  it  is  that  a  local  affection  excites  a  general  feeling  of  illness  in 
the  whole  body,  and  that  a  very  violent  local  disease  can  affect  the 
heart's  action  and  the  pulse. 

The  modifications  which  the  minute  radicles  of  the  sympathetie 
in  any  part  undergo  from  violent  local  disease,  and  the  reaction  of 
these  modifications  on  the  central  parts  of  the  sympathetic  system, — 
the  cardiac  nerves  and  plexuses, — as  well  as  on  the  brain  and  spinal 
cord,  seem  to  have  a  main  share  in  the  phenomena  which  we  call 
fever. 

No  observations  have  at  present  been  made  on  the  influence  of 
particular  portions,  or  regions  of  the  sympathetic  nerve,  on  the  heart's 
action.  The  only,  facts  bearing  on  tiiis  point  are  those  ascertained 
by  Pommer,§  who  found  in  fifteen  experiments  that  the  division  of 
the  sympathetic  in  the  neck  had  generally  no  important  consequences. 
Several  cerebral  nerves  being  intimately  connected  with  the  sympa- 
thetic nerve,  and  the  nervus  vagus  in  particular  having  an  essential 
share  in  the  composition  of  the  cardiac  plexus,  it  would  be  very  de- 

*  Abhandl.  d.  Akad.  za  Berlin,  1816. 

t  Muller't  Archiv.  1834, 179.  See  also  the  deAcription  of  the  rudimentary  mon- 
ster repreiented  by  Garlt  (Pathol.  Anat.  3.  Bd.  tab.  16.  fig.  1—4.^  And  the  dis- 
•eclion  of  an  imperfect  fcetus  which  was  connected  by  its  ▼esseis  with  another 
perfect  foetus,  bv  Sir  A.  Cooper.     Guy's  Hospital  Reports,  vol.  L 

X  Eneyclop.  Worterbueh  der  roed.    Wisaensch.  i.  126. 

(  Beitrige  xur  Nator-und  Heilkande;  Heilbronn,  1831. 
IS 
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sirablo  to  know,  also,  what  influence  these  nerves  exert  on  the  heart's 
action.  Emmert  observed  that  division  of  the  nervus  vagus  produces 
but  very  slight  disturbance  in  the  circulation;  and  Bich&t  and  Legal- 
iois  with  justice  remark,  that  the  effects  produced  on  the  heart's  beat, 
which  are  by  no  means  considerable,  cannot  with  certainty  be  ascribed 
to  the  division  of  the  nervie,  since  the  mere  pain  and  fear  produced 
by  the  operation  might  give  rise  to  theoL 


CHAPTER  IV. 

OF   THB   INDIVIDUAL   PARTS   OF   THE  VASCITLAR   STSTSM,  AND   THEIR 
RESPBCTIVE  SHARES  IN  THE  CIRCULATION  OF  THE  BLOOD* 

0/  the  arteries, — The  middle  coat  of  arteries  is  composed  of 
fibres  and  bundles  of  fibres,  surrounding  the  vessel  in  a  circular 
direction,  which  differ  in  chemical  and  physical  properties  as  well 
as  in  form  from  muscular  fibres.  The  fibres  of  the  middle  coat 
of  arteries  agree  in  every  respect  with  those  of  the  elastic  tissue 
found  in  other  parts,  such  as  th&  ligamentum  ouchse  of  mammalia, 
the  ligamenta  flava  of  the  vertebrae,  the  yellow  ligaments  of  the 
larynx,  the  yellow  fibres  of  the  membranous  part  of  the  trachea 
and  bronchi,  the  elastic  ligament  of  the  wing  of  birds,  the  elastic 
ligaments  of  the  last  phalanx  of  the  toes  in  feline  animals,  &c. 
The  elastic  tissues  are  distinguished  from  all  other  tissues,  not 
only  by  their  yellow  colour,  but  more  especially  by  the  character 
of  their  fibres,  which,  unlike  all  other  known  animal  fibres,  have 
been  observed  by  Lauth*  and  Schwannt  to  divide  and  anasto- 
mose: In  chemical  properties  the  elastic  tissues  resemble  the  cellu- 
lar and  other  tissues  which  yield  gelatin  by  boiling,  and  of  which 
the  solution  in  acetic  acid  is  not  precipitated  by  ferrocyanide  of 
potassium.  Eulenbergj:  has  recently  discovered  that,  after  long- 
continued  (many  days')  boiling,  they  give  out  some  gelatin,  which 
differs,  however,  from  the  ordinary  gelatin,  being  more  like  the 
^chondrin"  which  I  have  remarked  to  be  afforded  by  cartilages 
and  the  cornea  in  boiling.  Tiie  elasticity  of  the  middle  coat  of 
arteries,  the  influence  of  which  on  the  circulation  of  the  blood 
will  be  described,  is  preserved  for  many  years  in  alcohol.  A  por- 
tion of  the  aorta  of  a  young  whale,  which  I  have  received  from 
my  friend  Professor  Eschricht,  is  still  highly  elastic,  although  it 
has  been  several  years  in  alcohol.  Thin  laminse  cut  from  it, 
are  found,  when  extended,  to  have  the  same  elasticity  as  caout- 
chouc. All  elastic  tissues  retain  their  elasticity  in  the  same  way; 
this  I  have  ascertained  by  experiment  on  all  the  elastic  ligaments 
above-mentioned,  after  they  had  been  kept  up  in  alcohol.  lo  fact, 
the  contractility  of  the  fibrous  coat  of  arteries  ia  physical  elasticity, 

*  Muller'8  Archir.  1835,  p.  4.— LMnstitnt,  Jan.  14,  1834. 

I  Eulenberg,  de  Tela  Eiastica.    fierol.  1836.— Muller^s  Arehir.  1836,  p. 

X  Loc.  cit. 
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not  a  vital  property;  it  is  exerted  only  afler  previous  distension;  for 
exaaiple,  after  the  distension  of  the  arteries  by  the  blood  impelled 
into  them  by  the  heart's  contraction.  The  internal  coat  of  arteries 
also  consists  of  similar  elastic  fibres,  which  are  disposed  either  longi- 
tudinally or  irregularly  in  all  directions,  and  become  more  minute  as 
they  are  nearer  to  the  inner  surface  of  the  vessel,  until  at  length  dis* 
tinct  fibres  can  no  longer  be  perceived.  A  very  delicate  layer  of 
epithelium  scales,  with  oval  nuclei,  occupies  the  inner  surface.*  The 
external,  coat,  both  of  arteries  and  of  veins,  contains  some  elastic 
fibres,  but  the  middle  coat  of  veins  is  destitute  of  them.  In  the  crural 
vein  of  the  ox,  Schwann  found  a  thick  middle  coat  formed  of  trans- 
verse fibres;  but  these  were  fibres  of  cellular  tissue;  within  this,  how- 
ever, there  was  an  extremely  thin  layer  of  longitudinal  proper  elastic 
fibres.t 

Cause  of  the  pulse. — By  each  contraction  of  the  ventricle  a  fresh 
portion  of  blood  is  propelled  into  the  aorta,  and  the  rapidity  and 
force  of  the  circulation  in  the  arteries  is  increased.  The  periodic 
acceleration  of  the  motion  of  the  blood  in  the  arteries  thus  produced, 
was  proved  by  the  following  experiment  of  Dr.  Hales:  having  in- 
troduced a  tube  into  an  artery,  he  observed  that  at  every  beat  of  the 
heart  the  blood  rose  within  the  tube  one  or  even  several  inches.  The 
blood  is  not  able  to  escape  from  the  arteries  as  quickly  as  it  is  forced 
into  them  by  the  ventricle,  on  account  of  the  resistance  it  experiences 
in  the  capillaries.  Hence  it  exerts  a  pressure  on  the  elastic  coats  of 
the  vessels,  and  thus  gives  rise  to  the  pulse,  which  being  dependent 
on  the  contraction  of  the  ventricle,  is,  in  general,  synchronous  with 
it.  In  consequence  of  the  pressure  exerted  by  the  blood,  the  coats 
of  the  arteries  become  extended  at  each  systole  of  the  heart,  while, 
during  the  diastole,  they  recover  their  former  state  by  virtue  of  their 
elasticity.  The  extension  of  their  coats  takes  place  both  in  length 
and  in  the  direction  of  their  diameter,  but  the  elongation  is  by  far 
the  most  considerable.  A  necessary  consequence  of  their  elongation 
is,  that  they  change  their  position  and  become  curved;  but  they 
straighten  themselves  and  recover  their  original  situation  when  the 
ventricular  contraction  has  ceased.  Rudolphi,  Laennec,  Arthaud, 
Parry,  and  Doellinger,  denied  that  the  arteries  undergo  any  dilata- 
tion. We  have,  on  the  other  hand,  the  authority  of  BichSt,  Von 
Walther,  Tiedemann,  Meckel,  Hastings,  Magendie,  and  Wede- 
meyer,  for  its  existence:  and  in  the  entire  course  of  the  pulmonary 
artery  in  the  lung  of  the  frog,  the  dilatation,  as  well  as  the  incurva- 
tion of  the  vessel,  can  be  seen  with  the  greatest  distinctness.  I  have 
also  witnessed  it  in  the  abdominal  aorta  of  the  frog,  and  once  quite 
satisfactorily  in  the  aorta  of  tlie  rabbit.  The  dilatation  must,  how- 
ever, be  less  considerable  than  the  elongation,  for  it  is  not  always 
observed  with  distinctness.):    Poise uille,|  indeed,  has  measured  the 

*  Henle,  Mailer's  Archiv.  1838,  p.  187. 

f  SchwanDv  Encyclop.  Worterbach.  der  med.  Wissensch.  Art.  Gefasse.    Eulen- 
bergTf  De  Tela  Elastica.    Berlin,  1836. 

±  See  the  observations  of  E.  H.  Weber,  Hildebrandt's  Anat.  t.  iii.  p.  67. 
i  Magendie's  Joamal,  t.  iz.  p.  44. 
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degree  of  this  dilatation  of  the  arteries.  His  experiment  was  inge- 
nious: he  laid  bare  the  common  carotid  of  a  living  horse  for  the 
space  of  three  decimeters,  or  about  twelve  inches,  and  passed 
beneath  it  a  tube  of  white  metal,  open  at  one  side,  which  he  after- 
wards closed  by  means  of  a  narrower  portion,  so  as  to  complete  the 
tube;  he  then  stopped  the  ends  with  wax  and  fat,  and  fillea  the  in- 
terior of  the  tube  around  the  artery  with  water,  by  means  of  a  glass 
tube  which  was  connected  with  the  metallic  tube.  At  every  pulsa- 
tion the  water  rose  70  millimeters*  in  the  glass  tube,  the  diameter  of 
which  was  3  millimeters,  and  fell  again  the  same  distance  during 
each  pause.  The  included  portion  of  artery  measured  in  length  180 
millimeters,  and  its  capacity  equalled  11,440  cubic  millimeters;  and 
since  at  every  beat  of  the  heart  it  underwent  an  increase  of  capacity 
equal  to  a  column  of  water  3  millimeters  in  diameter  and  70  milli- 
meters in  height,  or  about  494  cubic  millimeters,  it  follows  that  it 
was  dilated  about  ^^^  of  its  capacity. 

The  pulse  in  different  arteries. — It  was  asserted  by  Bichfit,  and 
is  commonly  admitted,  that  the  pulse  is  synchronous  in  all  the  arte- 
ries of  the  body,  whatever  be  their  distance  from  the  heart. 

Weitbrecht,  Liscovius,  and  E.  H.  Webert  have  shown,  however, 
that  this  is  not  the  case.  The  pulsation  of  the  arteries  near  the 
heart  is  synchronous  with  the  contraction  of  the  ventricle.  But  at 
a  greater  distance  from  the  heart  the  arterial  pulse  ceases  to  be  per- 
fectly synchronous  with  the  heart's  impulse,  the  interval  varying, 
according  to  Weber,  from  one-sixth  to  one-seventh  of  a  second. 
Thus,  the  pulse  of  the  radial  artery  even  is  somewhat  later  than  that 
of  the  common  carotid.  The  pulse  of  the  facial,  at  about  the  same 
distance  from  the  heart,  is  isochronous  with  that  of  the  axillary 
artery;  while  the  pulse  is  felt  somewhat  later  in  the  metatarsal  artery 
on  the  dorsum  of  the  foot,  than  in  the  facial  artery  and  common 
carotid.  Weber  j:  has  explained  the  cause  of  this  difference.  If  the 
blood  circulated  in  perfectly  solid  tubes,  whose  walls  admitted  of  no 
extension,  the  impulse  of  the  blood,  driven  by  the  ventricle  into  the 
arteries,  would  be  communicated  even  to  the  end  of  the  column 
of  blood,  with  the  same  rapidity  with  which  sound  is  propagated 
through  this  fluid, — much  quicker,  namely,  than  in  atmospheric  air; 
the  pressure  of  the  blood  would  be  transmitted  to  the  finest  extremi- 
ties of  the  arteries,  with  no  perceptible  loss  of  time.  But,  in  conse- 
quence of  the  arteries  admitting  of  some  extension,  particularly  in 
length,  the  impulse  given  to  the  blood  by  the  heart  distends  first 
merely  the  arteries  nearest  to  the  heart.  These,  by  their  elasticity, 
again  contract,  and  thus  cause  the  distension  of  the  next  portion  of 
the  arterial  system,  which  also,  in  its  turn,  by  contracting,  forces  the 
blood  into  the  next  portions,  and  so  on;  so  that  a  certain  interval  of 
time,  although  a  very  short  one,  elapses  before  this  undulation,  re- 
sulting from  the  successive  compression  of  the  blood,  and  the  dilata- 
tion and  contraction  of  the  arteries,  reaches  the  most  distant  parts  of 

*  A  millimeter  equals  0*03937  of  an  English  inch. 
In  his  Treatise  De  Pulsu  non  in  omnibus  Arteriis  plane  synchronico. 
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the  system.  Weber  compares  this  action  to  the  propagation  of  the 
undulations  produced  by  a  stone  thrown  into  a  lake;  in  which  case, 
likewise^  the  undulations  are  not  transmitted  with  the  rapidity  of 
sound.  The  rapidity  of  the  transmission  of  undulations  in  water 
twenty-three  inches  deep  is,  according  to  the  experiments  of  the 
MM.  Weber,*  five  and  a  half  Paris  feet  in  a  second.  Bichfit  con- 
foimded  the  motion  of  the  undulations  in  a  river  with  the  movement 
of  the  water  itself,  and  believed  the  pulse  to  be  produced,  not  by 
the  progressive  undulations,  but  by  the  impulse  communicated  at 
the  same  moment  to  all  the  arterial  blood.  The  motion  of  undula- 
tions always  depends  on  the  oscillations  transmitted  from  the  point 
where  the  impulse  is  applied,  and  never  on  the  progressive  motion 
of  the  fluid  itself.  The  water  of  an  undulation  rises  and  falls,  but 
remains  in  the  same  place,  while  the  undulation  and  the  oscillation 
of  its  particles  are  propagated  onwards  in  successive  portions  of 
water.  Thus  it  is  that  very  light  bodies  on  the  surface  of  undulations 
though  they  rise  and  fall,  remain  in  the  same  spot,  while  the  undula- 
tion is  progressive. 

For  the  transmission  of  the  pulse  a  continuous  column  of  blood  is 
required;  if  the  arteries  were  empty  at  dificrent  points,  the  transmis- 
sion of  the  pulse,  as  Weber  remarks,  would  be  much  slower,  or 
quite  interrupted;  for  the  parts  of  the  arteries  which  contained  no 
blood  must  be  filled  by  the  current  of  the  blood  before  the  impulse 
could  be  transmitted  onwards,  and  the  velocity  with  which  the 
blood  itself  moves  is  much  less  than  that  with  which  the  impulse  is 
propagated.  Hence  Weber  explains  the  fact  of  the  pulse,  in  an 
artery  affected  with  aneurism,  not  being  synchronous  with  the  heart's 
action  and  with  the  pulse  of  other  arteries;  for  the  coagulum  in  the 
aneurismal  sac,  or  spaces  in  it  which  are  not  quite  filled  with  blood, 
may  impede  the  propagation  of  the  impulse. 

The  arterial  pulse,  then,  we  may  conclude,  is  the  effect  of  the 
oscillation  propagated  along  the  coats  of  the  arteries^  and  in  the 
blood  itself y  in  consequence  of  the  pressure  exerted  upon  the  column 
of  blood  in  the  aorta  by  the  heart  in  its  contractionA 

Motion  cf  the  blood  in  the  arteries. — The  elastic  coat  performs 
an  important  use,  as  Weber  remarks,  in  rendering  the  motion  of  the 
blood  continuous,  by  its  reacting  in  the  intervals  of  the  heart's  action 
on  the  blood  forced  into  the  arteries  at  each  systole.  The  blood 
escapes  from  a  divided  artery  in  a  continuous  stream,  although  this 
stream  is  accelerated  at  intervals,  and  the  periodic  acceleration  be- 
comes less  perceptible  in  proportion  as  the  arteries  diminish  in  size. 
Weber  remarks,  that  in  this  respect  the  vascular  system  resembles 
the  fire-engine;  in  which  the  water  is  made  to  fiow  in  an  uninter- 
rupted stream  by  the  elasticity  of  the  air  in  the  air  vessel,  which  con- 
tinneB  to  act  upon  the  water^  while  the  piston  remits  its  pressure.^ 

*  Wellenlehre.    Leipsie,  1835,  p.  188. 
t  Weber,  Adnotat.  anatoin.  et  physiol.  prolas.  i. 

^  Weber,  1.  c.  De  atilitate  parietis  elastic!  arteriarom.  Hildebrandt's  Aoato- 
mie,  iii.  p.  69. 
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The  action  of  the  regulator  of  bellows  is  the  same.  By  ossification 
of  the  arteries  this  elasticity  is  lost,  and  a  dispositiou  to  apoplexy, 
gangrene,  &c.,  is  the  consequence. 

Contraction  of  arteries  in  proportion  to  the  volume  of  their  con- 
tents.— By  virtue  of  their  elasticity,  arteries  possess  the  remarkable 
property  of  diminishing  their  capacity  in  proportion  to  the  quantity 
of  blood  they  contain,  and  in  proportion  as  it  escapes  from  them 
when  divided;  for  this  reason,  when  an  artery  is  divided,  the  stream 
of  blood  which  flows  from  it  becomes  gradually  smaller.  In  a  horse, 
which  Hunter  let  bleed  to  death,  he  found  that  the  aorta  had  con- 
tracted to  the  extent  of  more  than  f^th  of  its  diameter;  the  iliac 
artery,  ^th;  the  crural  artery,  id;  and  that  arteries  of  the  thickness 
of  the  radial  in  man  were  completely  closed.*  The  more  forcibly 
the  heart  acts,  the  more  are  the  arteries  extended,  and  the  more  blood 
do  they  contain  in  proportion  to  the  veins.  On  the  contrary,  when 
the  heart's  action  is  feeble,  the  coats  of  the  arteries  are  more  able  to 
resist  the  impulse  of  the  blood;  they  become  less  distended,  and,  con- 
sequently, contain  proportionably  less  blood  than  the  veins.  This 
is  what  takes  place  just  before  death,  and  it  is  one  cause  of  the  ab- 
sence of  blood  in  the  arteries  after  death;  they  are,  in  fact,  for  the 
most  part,  not  quite  empty,  but  contain  as  much  blood  as  they  are 
able  to  admit  in  their  most  contracted  state.  Imbibition  by  the  coats 
and  surrounding  tissues  will  cause  a  still  farther  disappearance  of 
the  blood.  The  gradual  diminution  in  diameter  which  I,  as  well  as 
Parry  and  Tiedemann,  have  observed  arteries  that  have  received 
no  injury  to  undergo  during  the  dissection  of  a  living  animal,  need 
be  attributed  neither  to  the  stimulus  of  the  air,  nor  generally  to  the 
vital  contractility  of  the  arteries:  it  is  a  necessary  consequence  of  the 
diminished  force  of  the  heart's  action  under  such  circumstances. 

The  arteries  are  not  muscular, — The  old  writers  and  many 
recent  physiologists,  have  erroneously  regarded  the  contraction  of 
the  arteries  which  follows  their  dilatation  as  a  muscular  act,  and 
have  looked  upon  the  fibres  of  the  middle  arterial  coat  as  muscular 
fibres.  But  the  fibres  of  the  elastic  coat  of  arteries  differ,  as  we  have 
already  mentioned,  from  muscular  fibres  both  by  their  physical  and 
chemical  properties,  as  well  as  by  their  form,  and  here  the  question 
mieht  be  at  once  dismissed  without  farther  discussion. 

The  different  arguments  for  the  existence  of  the  pretended  muscu- 
lar contractility  of  arteries,  which  have  been  adduced  from  compara- 
tive and  pathological  anatomy,  are  of  no  weight.  The  dorsal  vessel 
of  insects,  and  the  principal,  though  not  all  the  vascular  trunks  of  the 
Annelida, — for  instance,  the  leech, — certainly  contract  by  muscular 
force.  But  these  parts  are  hearts;  for  we  have  already  shown  that 
in  the  lower  animals,  as  in  the  embryo,  the  heart  is  nothing  more 
than  a  dilated  part  of  the  vascular  system  endued  with  contractility. 
The  acephalous  monsters,  also,  in  which  the  heart  is  almost  uni- 
formly absent,  have  been  adduced  in  favour  of  the  muscular  con- 
tractility of  arteries;  for  in  these  beings  the  circulatory  system  consists 

*  AberDethy,  Physiol.  Leotares,  834. 
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of  two  sets  of  vessels  connected  at  two  different  points  by  a  capillary 
system^  namely,  in  the  placenta,  and  in  the  organs  of  the  body;  but 
here  the  heart  is  merely  reduced  to  the  simple  tabular  form.     In 
many  cases,  also,  the  vessels  of  the  acephalous  monster  are  simply 
branches  of  the  umbilical  vessels  of  a  second  perfect  embryo.*     The 
bulbus  aorisB  of  fishes  and  amphibia  contracts,  it  is  true,  quite  dis- 
tinctly.    I  have  even  seen  the  bulbus  aortae  of  the  frog,  when  cut 
away  with  the  aorta,  contract  as  perfectly  and  distinctly  as  the  heart 
itself.    But  this  part  is  quite  different  from  the  aorta;  it  belongs  to 
the  heart,  and  is  peculiar  to  those  animals  which,  during  their  whole 
life,  or  during  the  first  period  of  it,  have  a  branchial  circulation. 
The  aorta  of  frogs  beyond  the  bulb  does  not  possess  a  trace  of 
contractility;  and  Spallanzani,t  who  otherwise  contends  against  the 
muscular  contractility  of  arteries,  is  quite  wrong  when  he  asserts 
that  the  descending  aorta  of  the  salamander  continues  to  pulsate 
when  dissected  from  the  body.     Dr.  Marshall  Hall  thought  he  had 
discovered  an  artery  passing  over  the  great  transverse  process  of  the 
third  vertebra  in  the  frog  and  toad,  which  continued  to  pulsate  after 
the  heart  had  been  removed.     But  in  this  he  was  mistaken;  there  is 
iu  that  situation  in  frogs  a  peculiar  pulsating  lymphatic  hearty  which 
is  not,  however,  connected  with  an  artery,  but  with  a  vein.    Nor  is 
the  oscillating  motion  of  the  blood  after  tying  the  aorta  of  the  frog, 
when  the  blood  alternately  advances  and  retrogrades  for  a  short  dis- 
tance, but  without  regularity,  any  proof  of  the  muscular  contraction 
of  the  arteries,  although  Dr.  Marshall  Hall  adduces  it  as  such.     It  is 
entirely  the  result  of  the  elasticity  of  the  arteries,  and  of  the  different 
mechanical  impediments  to  the  course  of  the  blood.    The  vena  cava 
of  fishes  close  to  the  heart,  possesses  muscular  contractility,  and, 
according  to  Nysten,§  contracts  on  the  application  of  galvanism; 
Wedemeyer||  also  observed  this  phenomenon  both  in  warm  and  cold- 
blooded animals.    Their  observations  are  perfectly  correct:  I  have 
seen  the  termination  of  the  inferior,  and  both  superior  cavae  of  the 
firog,  and  of  the  pulmonary  veins  and  cavae  of  young  warm-blooded 
animals,  contract  regularly;  the  venous  trunks  of  the  frog  continue 
to  contract  even  after  the  removal  of  the  heart  and  auricle.    But  the 
rest  of  the  venous  system  exhibits  no  trace  of  contractility  either 
when  under  the  influence  of  galvanism  or  at  other  times.     If  Flou- 
rens  has  seen  regular  contractions  of  the  large  veins  in  the  abdomen, 
they  evidently  must  have  been  produced  by  the  action  of  the  lym- 
phatic hearts  which  I  have  discovered  in  the  frog,  and  which  pump 
the  lymph  into  the  jugular  and  ischiadic  veins.    The  caudal  heart  of 
the  eel  at  the  extremity  of  the  ciiudal  vein  is  contractile,  but  the  vein 
itself  not  at  all  so.    The  arteri^  of  the  thoracic  fins  of  the  chimsera, 
according  to  Duvernoy,  seem  likewise  to  have  accessory  hearts. 
It  has  been  urged  as  an  argument  for  the  muscularity  of  arteries, 

*  See  jpage  S04. 

t  De*  lenomeni  della  circolazione.    Modena,  1773. 

i  Sfe  the  Section  on  the  Lymph  «nd  the  Lymphatic  Vessels,  Chapter  ii. 

(  Loe.  eitat  p.  351. 
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that  the  pulse  sometimes  differs  in  strength  in  corresponding  limbs; 
for  example,  in  paralysis;  but  here  there  are  other  local  causes 
present  to  explain  the  anomaly.  In  paralysed  limbs  the  reciprocal 
vital  action  between  the  blood  and  the  solids  is  diminished;  they  are 
lax  and  shrivelled,  and  often  less  nourished;  while,  on  the  contrary, 
in  active  congestion,  the  increase  of  the  vital  processes  going  on  be- 
tween the  blood  and  the  texture  of  the  parts, — the  increased  organic 
affinity, — induces  a  greater  flow  of  blood  to  the  part,  and  a  conse- 
quently stronger  pulse.  In  inflamed  parts,  in  which  there  is  accu- 
mulation of  blood  and  impeded  circulation  through  the  capillaries, 
the  strength  of  the  pulse  is  increased.  But  there  is  no  credible 
authority  for  the  assertion  that  the  pulse  ever  differs  in  frequency  in 
different  parts,  and  it  is  inconceivable  how  writers  in  these  days  cah 
repeat  such  fables  without  examining  into  their  accuracy.  The  rapid 
expulsion  of  the  blood  when  an  artery  is  punctured  between  two 
ligatures  is  also  merely  the  result  of  the  elasticity  of  the  coats. 
Lastly,  it  has  been  argued  for  the  muscularity  of  the  arteries,  and 
their  active  participation  in  the  motion  of  the  blood,  that  gangrena 
senilis  occurs  principally  where  the  arteries  are  ossified.  But,  as 
Wedemeyer  remarks,  this  disease  sometimes  occurs  where  the  arte- 
ries are  not  ossified,  and  such  a  state  of  the  arteries  does  not  alwa]rs 
produce  grangrene,  so  that  gangrena  senilis  requires  other  causes  for 
its  production;  and  the  old  error,  <<cum  hoc,  ergo  propter  hoc"  is  of 
no  weight* 

Not  merely,  however,  are  all  these  arguments  for  the  muscularity 
of  arteries  without  grounds,  but  there  are  also  counter-arguments  to 
disprove  their  muscularity.  Berzelius  justly  remarks,  that  the 
strongest  galvanic  and  electric  stimuli,  which  produce  contractions 
in  all  true  muscular  structures,  excite  not  the  slightest  motion  in  arte- 
ries. Nystent  repeatedly  instituted  galvanic  experiments  on  the 
aorta  of  criminals  just  beheaded,  but  did  not  perceive  the  slightest 
contraction;  nor  could  he  excite  any  contractions  in  the  aorta  ab- 
dominalis  of  fishes  by  means  of  galvanism.  Bichfit  had  previously 
performed  similar  experiments  with  the  same  results;  and  Wede- 
meyer also  has  endeavoured  to  produce  contractions  in  the  carotids 
and  thoracic  aorta  of  many  animals  with  a  galvanic  pile  of  fifty  pairs 
of  plates,  but  has  always  failed.  I  have  myself  made  frequent  ex- 
periments, with  the  aid  of  galvanism,  to  determine  this  question; 
and  neither  in  frogs,  with  feeble  or  powerful  degrees  of  the  galvanic 
influence,  nor  in  mammalia,— for  instance,  rabbits, — with  a  pile  of 
from  sixty  to  eighty  pairs  of  plates,  have  I  been  able  to  produce  the 
slightest  trace  of  contraction  of  the  arteries.  It  has  been  remarked 
by  Bichsit  and  Treviranus,  that  the  heart  also  is  insusceptible  of  the 
stimulus  of  galvanism,  but  that  is  perfectly  erroneous  (see  page  197). 

Mechanical  irritation  has  as  little  effect  as  galvanism  in  producing 
contraction  of  the  arteries.  The  application  of  chemical  irritants, 
such  as  mineral  acids  and  muriate  of  lime,  certainly  gives  rise  to  con- 

*  On  all  this  subject  consalt  Wedemeyer,  loc.  oiu 

t  Recherches  de  Physiol,  et  Pathol,  chimiqaes.    Paris,  1811. 
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striction  of  the  arteries;  but  it  is  by  producing  a  chemical  change  in 
their  texture, — in  many  cases  by  extracting  a  part  of  the  water 
which  they  contain;*  so  that  this  by  no  means  tends  to  prove  their 
muscularity.  The  irritabihty  of  the  muscles  in  mammalia  never 
endures  more  than  three  quarters  of  an  hour  after  death,  while  the 
contraction  of  the  arteries  on  the  application  of  chemical  substances 
can  be  produced  after  the  expiration  of  several  days;  and  other  non- 
muscular  parts,  such  as  the  skin,  are  also  susceptible  of  it.  Zimmer- 
mant  observed  contractions  in  fat  on  the  application  of  sulphuric 
acid.  Tiedemann  and  Gmelinj:  observed  that  sulphuric  acid  caused 
arteries  to  contract  which  had  been  preserved  a  year  in  spirit.  Hot 
and  boiling  water  also,  as  Wedemeyor§  remarks,  even  on  the  fourth 
day  after  death,  produce  in  the  human  skin  a  contraction  and  wrink- 
ling very  similar  to  muscular  contraction;  and  we  can  with  acids  cause 
similar  contractions  in  muscular  fibres  which  have  long  lost  their  irri- 
tability, as  also  in  the  peritoneum,  and  the  skin.  All  this  proves  that 
most  animal  tissues,  without  distinction,  whether  they  possess  mus- 
cular contractility  or  not,  may,  both  in  the  living  and  in  the  dead  state, 
exhibit  contractility  on  the  application  of  chemical  irritants,  from  the 
Ofieration  of  chemical  aitinities.  These  contractions,  however,  are 
altogether  different  from  muscular  contractions,  which  can  no  longer 
he,  induced  when  the  parts  have  lost  their  vitality,  and  are  excited 
not  merely  by  chemical,  but  also  distinctly  and  quickly  by  mechanical 
irritants,  and  by  galvanism.  Dr.  Hastings||  was  in  error  when  he 
imagined  the  contractions  produced  by  chemical  agents  to  be  mus- 
cular in  their  nature;  and  also  when  he  failed  to  recognise  that  the  true 
cause  of  the  contraction  of  the  arteries,  which  follows  their  dilatation 
or  pulse,  is  the  elasticity  of  the  coats, — the  same  property  which  pro- 
duces in  arteries  injected  with  fluid  by  jerks  after  death,  as  well  as 
during  life,  all  the  phenomena  of  the  pulse.T 

Insensible  vital  contractility  of  arteries. — From  all  these  facts  it 
results  that  the  circulation  is  in  no  way  dependent  on  periodic  mus- 
cular contractions  of  the  arteries;  and  that  the  diminution  of  diameter 
of  the  arteries  after  their  extension  by  the  impulse  of  the  blood  forced 
into  them,  is  an  effect  of  their  elasticity  alone.  But,  whether  the  nar- 
rowing of  arteries  observed  in  arresting  hemorrhage  from  them^  in 
exposing  them  to  the  air,  and  in  the  operation  of  torsion,  is  wholly 
an  effect  of  elasticity,  or  whether,  in  addition  to  this,  they  possess 
(he  vital  property  of  gradual,  not  periodic,  contraction — tonus, — 
admitted  by  Parry,  Weber,  and  Tiedemann,  and  by  the  last-named 
physiologist  believed  to  exist  also  in  the  trunks  of  the  lymphatics, — 
is  quite  a  different  question.  Several  observers  had  seen  a  slow  con- 
traction of  the  small  arteries  follow  the  application  of  cold;  and  the 

*  See  Hildebrandt,  Anat.  t.  iii. 

I  De  irritabilitate.     GoU.  1751. 

J.  VersDche  iiber  die  Wecje,  &c.  68.  $  Loc.  cit,  p.  75. 

I  On  Inflammation  of  the  Mucour  Membranes.  London,  1829.  Translated  into 
the  German  by  Bosch.     Bremen,  1822. 

%  See  also  the  remarks  of  Dr.  Parry  on  the  arterial  pulse.  Bath,  1816.  Trans- 
lated into  the  German.    Hanover,  1817. 
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experiments  of  Schwann,  by  the  application  of  cold  water  to  the 
mesentery  of  the  frog  and  rana  bombinay  demonstrate  it  most  clearly. 
Afler  having  extended  the  mesentery  under  the  microscope,  he 
placed  upon  it  a  few  drops  of  water,  the  temperature  of  which  was 
some  degrees  lower  than  that  of  the  atmosphere.  The  contraction 
of  the  vessels  soon  commenced,  and  gradually  increased,,  until,  at  the 
expiration  of  ten  or  fifteen  minutes,  the  diameter  of  the  canal  of  an 
artery  in  the  mesentery  of  a  toad,  which  at  first  was  0*0724  of  an 
English  line,  was  reduced  to  0-0276.  The  diameter,  therefore,  was 
reduced  to  i  or  i;  and  the  area,  consequently,  to  i  or  j.  of  its  previous 
dimensions.  The  arteries  then  dilated  again,  and  at  the  expiration  of 
half  an  hour  had  acquired  nearly  their  original  size.  By  renewing 
the  application  of  the  water  the  contraction  was  reproduced;  in  this 
way  the  experiment  could  be  performed  several  times  on  the  same 
artery.  The  veins  did  not  contract.  I  have  frequently  observed  this 
phenomenon  as  Schwann  has  described  it.  Hastings  and  Williams 
have  made  similar  observations.  It  is  not  known  on  what  tissue  this 
kind  of  contractility  depends:  it  is  certainly  not  due  to  muscular  fibres, 
for  they  do  not  exist  in  arteries.  By  the  aid  of  high  magnifying 
glass,  delicate  and  not  very  distinct  transverse  fibres  can  be  distin- 
guished in  the  parietes  of  the  smallest  arteries  of  the  mesentery  of 
the  frog:  and  Dr.  Schwann  has  discovered  that  even  the  capillary 
vessels  in  the  mesentery  of  the  frog  have  similar  fibres — a  fact  which 
decides  the  question  as  to  capillaries  having  distinct  parietes.  The 
power  of  cold  to  excite  contraction  in  them,  and  the  inefficiency  of 
electricity  to  produce  that  efiect,  are  characteristic  of  many  parts 
which  are  not  muscular.  In  both  these  characters  the  contractile 
tissue  of  arteries  resembles  the  contractile  tissue  of  the  tunica  dartos, 
which  yields  gelatin  in  boiling,  and  which  in  its  microscopic  charac* 
ters  resembles  the  cellular  tissue,  and  by  no  means  the  ordinary  elastic 
tissue.*  The  slow  narrowing  of  divided  arteries,  their'  retraction 
into  their  sheath  of  cellular  tissue,  and  the  coagulation  of  the  blood, 
account  for  the  spontaneous  cessation  of  hemorrhage  from  arteries 
which  are  not  of  very  large  size.  The  vital  property  of  tonicity,  or 
insensible  contractility,  will,  as  Dr.  Parry  pointed  out,  very  well 
explain  the  partially  empty  state  of  the  arteries  after  death;  for  the 
arteries,  after  a  certain  time,  must  lose  the  vital  power  of  gradual 
contraction  by  which  they  had  expelled  their  blood,  and  would  again 
dilate,  retaining  merely  their  physical  endowment  of  elasticity,  which 
is  not  lost  until  decomposition  takes  place.  Dr.  Parry  states  that 
he  has  observed  these  changes  in  the  diameter  of  the  arteries  after 
death. 

Force  and  rate  of  the  bloocPs  motion  in  the  arteries.-^The  above 
inquiry  places  it  beyond  a  doubt,  that  the  only  power  by  which  the 
blood  is  moved  in  the  arteries,  is  the  force  of  the  heart's  contraction. 
We  have  now  to  determine  the  degree  of  force  thus  exerted  by  the 
heart,  and  the  force  and  rapidity  of  the  blood's  motion  in  diti'ereut 

*  See  Book  I.  chap.  1.  page  116. 
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parts  of  the  arterial  system.  Hales*  was  the  first  who  made  any 
observations  on  the  height  to  which  the  blood  rises  in  glass  tubes 
introduced  into  different  vessels:  he  observed  that  from  the  crural 
artery  of  the  horse  it  rose  8  or  9  feet:  from  the  temporal  artery  of 
the  sheep,  6i;  from  the  carotid  artery  of  the  dog,  4  to  6  feet;  while 
from  the  jugular  vein  of  the  horse  it  rose  only  from  12  to  21  inches; 
in  the  sheep,  5i  inches;  in. dogs,  from  4  to  8)  inches.  We  shall, 
however,  on  this  subject  have  recourse  chiefly  to  the  accurate  re- 
searches of  M.  Poiseuille.t  M.  Poiseuille  made  use  of  an  instrument 
which  he  invented  for  the  purpose.  It  was  a  long  glass  tube,  bent 
so  as  to  have  a  short  horizontal  portion,  a  branch  descending  at  right 
angles  from  it,  and  a  long  ascending  branch.  Mercury  poured  into 
ascending  and  descending  portions,  will  necessarily  have  the  same 
level  in  both  branches,  and  in  a  perpendicular  position  the  height  of 
its  column  must  be  the  same  in  both.  If  now  the  blood  is  made  to 
flow  from  an  artery  through  the  horizontal  portion  of  the  tube  into 
the  descending  branch,  it  will  exert  on  the  mercury  a  pressure  equal 
to  tlie  force  with  which  it  is  moved  in  the  arteries,  and  the  mercury 
will,  in  consequence,  descend  in  this  branch,  and  ascend  in  the  other. 
The  depth  to  which  it  sinks  in  the  one  branch,  added  to  the  height 
to  which  it  rises  in  the  other,  will  give  the  whole  height  of  the 
column  of  mercury  which  balances  the  pressure  exerted  by  the 
blood;  the  weight  of  the  blood  which  takes  the  place  of  the  mercury 
in  the  descending  branch,  and  which  is  more  than  ten  times  less  thaa 
the  same  quantity  of  quicksilver,  being  subtracted.  M.  Poiseuille 
calculated  the  force  with  which  the  blood  moves  in  an  artery  accord- 
ing to  the  laws  of  hydrostatics,  from  the  diameter  of  the  artery,  and 
the  height  of  the  column  of  quicksilver;  that  is  to  say,  from  the 
weight  of  a  column  of  mercury  whose  base  is  a  circle  of  the  same 
diameter  as  the  artery,  and  whose  height  is  equal  to  the  difference 
in  the  level  of  the  mercury  in  the  two  branches  of  the  instrument* 
To  prevent  the  coagulation  of  the  blood  in  the  horizontal  part  of  the 
tube,  it  was  filled  with  a  solution  of  carbonate  of  potash.  According 
to  Poiseuille,  the  force  of  the  blood's  motion  in  the  larger  arteries, 
for  instance,  in  the  carotid  and  crural  arteries,  and  in  the  carotid  and 
aorta,  is  equal;  difference  in  size,  and  distance  from  the  heart,  being 
unattended  by  any  corresponding  difference  of  force  in  the  circula-> 
tion.  The  height  of  the  column  of  mercury  displaced  by  the  blood 
wafi  the  same  in  all  the  arteries  of  the  same  animal.  Poiseuille  finds 
that  the  force  of  the  blood  in  any  large  artery  will  in  a  dog  support 
a  column  of  mercury  of  151  millim.  [about  6  English  inches],  or  a 
column  of  water  of  6i  French  feet  [about  6  feet  lOi  inches  English]; 
in  mares,  a  column  of  mercury  of  161  millim.  [6  inches  4  lines,  Eng- 
lish], or  a  column  of  water  of  6  feet  9  inches  ^7  feet  3  inches,  Eng- 
lish]; in  horses,a  column  of  mercury  of  159  millim.  [6  inches  3  lines, 
English  J;  and,  calculating  from  the  former  two  animals,  in  the  mean  a 

*  Statical  Essayfi.    Translatpd  into  the  German.    Halle,  1748. 
f  Magendle^a  Journal,  viii.  373. 
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column  of  mercury  of  156  raillim.,  6  inches  1)  lines,  English,  or  a 
column  of  water  of  6  feet  7  inches,  7  feet  1  inch,  English.* 

Poiseuilie  concluded  from  his  experiments,  which  seemed  to  prove 
that  the  force  with  which  the  blood  is  moved,  is  the  same  in  the 
most  different  arteries,  that  to  measure  the  amount  of  the  blood's 
pressure  in  any  artery  of  which  the  calibre  is  known,  it  is  necessary 
merely  to  multiply  the  area  of  the  vessel  by  the  height  of  the  column 
of  mercury  which  is  already  known  to  be  supported  by  the  force 
of  the  blood  in  any  part  of  the  arterial  system.  The  weight  of  a 
column  of  mercury  of  the  dimensions  thus  found  will  represent  the 
pressure  exerted  by  the  column  of  blood.  For  example,  Poiseuilie 
estimates  the  diameter  of  the  aorta  at  its  origin,  in  a  man  of  twenty- 
nine  years,  at  34  millimeters.  Its  area  will  therefore  be  908*3857 
square  millimeters.  Assuming  now  that  the  mean  of  the  greatest 
and  least  height  of  the  column  of  mercury  found  by  experiments  on 
different  animals  to  be  supported  by  the  force  of  the  blood,  is  equiva- 
lent  to  the  height  of  the  column  which  the  force  of  the  blood  in  the 
human  aorta  would  support,  we  shall  have  the  mean  of  180  and 
140  millimeters — consequently  160  millimeters — as  the  height  of  this 
column:  160  millimeters,  then,  multiplied  by  908*2857  =  145325-71 
cubic  millimeters,  will  be  the  amount  of  mercury  in  the  column,  and 
the  weight  of  this  quantity  of  mercury — namely,  1-971779  kilo- 
grammes, or  4  lbs.  3  drs.  43  grs.,  about  4  lbs.  4  oz.  avoirdupois — 
will  indicate  the  static  force  with  which  the  blood  is  impelled  into 
the  aorta.  By  the  same  calculation,  the  force  of  the  circulation  in 
the  aorta  of  the  mare  is  found  to  be  10  lbs.  10  oz.  7  drs.  61  grs. 
[about  11  lbs.  9  oz.  avoirdupois];  in  the  radial  artery,  4  drs. 

Influence  of  respiration  on  the  motion  of  the  blood  in  the  arie^ 
ries, — Poiseuilie  perceived,  by  means  of  his  instrument,  what  Haller 
and  Magendie  had  already  observed,  namely,  that  the  strength  of 
the  blood's  impulse  is  increased  during  expiration;  in  which  act  the 
chest  is  contracted,  and  the  large  vessels  in  consequence  compressed. 
The  column  of  mercury  in  his  instrument  rose  somewhat  at  each 
expiration,  and  fell  during  inspiration.  The  extent  of  the  rise  and 
fall  of  the  mercury  was  the  same  in  arteries,  the  distance  of  which 
from  the  heart  was  different,  and  in  ordinary  tranquil  respiration 
amounted  to  from  four  to  ten  lines.  The  increase  of  the  blood's  im- 
pulse  by  expiration  is  in  many  persons  so  great,  that  the  pulse  at  the 
radial  artery  becomes  imperceptible  when  inspiration  is  long  con- 
tinued, and  the  breath  held.  This  is  the  case  with  myself,  and  it  in 
some  measure  explains  the  fable  of  persons  possessing  the  power  of 
altering  the  action  of  their  hearts  at  will. 

Effect  of  anastomoses  on  the  motion  of  the  blood  in  the  arteries.'^ 
It  was  formerly  believed  that  the  angles  at  which  the  branches  of 

*  These  numbers,  if  intended  as  the  mean  of  the  results  given  in  M.  Poiseuilie*! 
table,  ought  to  be. 

For  the  dog,  -        a  column  of  mercury  of  155*44  millim. 

For  the  mare, 164*36      •* 

For  the  horse, 152*86      — 

And  the  mean  of  the  three  will  be,     -       -        157*55     — 
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Teasels  are  given  off,  according  as  they  are  obtuse  or  acute,  influence 
the  rapidity  of  the  blood's  motion;  the  obtuse  angle  being  supposed 
to  retard  it  But  Weber*  remarks  that  this  circumstance  influences 
the  rapidity  of  the  motion  of  a  fluid  only  when  it  meets  with  so  little 
resistance  in  its  progress,  that  the  sum  of  the  impulses  which  propel 
it  can  give  a  determinate  direction  to  its  course;  but  that,  when  the 
lesistance  it  experiences  is  so  great  that  each  fresh  impulse  is  lost  in 
overcoming  it,  the  angles  at  which  the  branches  of  the  tubes  are 
given  oflf  no  longer  have  this  effect  The  fluid  in  the  tubes  in  this 
case  is  everywhere  exposed  to  the  same  pressure,  and  itself  tends 
with  equal  force  in  all  directions.  The  reason  that  the  blood  flows 
more  slowly  in  the  capillaries  than  in  the  larger  vessels  is,  that  the 
aggregate  capacity  of  the  small  vessels  is  greater  than  that  of  the 
▼easels  from  which  they  arise.  The  causes  which  tend  to  diminish 
the  rapidity  of  the  circulation  generally  are,  not  so  much  the  frequent 
anastomoses  of  the  arteries,  as  the  constantly  increasing  friction  be- 
tween the  blood  and  the  parietes  in  the  small  vessels.  Anastomoses 
facilitate  the  distribution  of  the  blood.  When  two  arteries  anasto- 
moae,  branches  may  arise  from  the  anastomosing  vessels,  or  from 
the  communicating  branch  itself.  In  the  former  case,  the  communi- 
cating branch,  as  far  as  can  be  observed  with  the  microscope,  is 
traversed  in  the  direction  which  offers  the  least  resistance,  and  the 
blood  is  conveyed  into  that  vessel,  the  capacity  of  which  is  great 
enough  to  receive  the  blood  of  two  vessels  at  the  same  time.  In 
such  cases,  however,  the  anastomosis  is  traversed  always  in  one 
direction.  If  the  anastomosis  itself  gives  off  a  branch,  the  blood 
flows  either  from  two  sides  at  the  same  time  into  this  branch,  or  in 
one  direction  only.  During  life,  the  direction  in  which  the  blood 
flows  in  anastomoses  must  vary  very  much,  according  as  accidental 
pressure  affecu  the  part. 

OF  THE  CAPILLARIES. 
1.  Strmetun  tftke  CapiUmrie9. 

D^nition  of  the  term  *^  capillaries J^ — In  all  organic  textures  the 
transmission  of  the  blood  from  the  minute  branches  of  the  arteries 
to  the  minute  veins  is  effected  by  a  network  of  miscroscopic  vessels, 
ui  the  meshes  of  which  the  proper  substance  of  the  tissue  lies.  This 
may  be  seen  in  all  minutely  injected  preparations;  and,  during  life,  ^ 
by  the  aid  of  the  microscope,  in  any  transparent  parts,— such  as  the 
web  of  the  frog's  foot,  the  lungs  and  urinary  bladder  of  the  frog,  the 
tail  of  the  tadpole,  the  incubated  egg,  young  fishes,  the  gills  of  the 
larva  of  the  salamander,  the  wings  of  the  bat,  and  the  mesentery  of 
all  Vertebrata, — and,  as  I  have  pointed  out,t  even  in  some  opaque 
textures  of  the  larva  of  the  salamander  by  means  of  a  simple  micro- 
acope.  The  ramifications  of  the  minute  arteries  form  repeated  anasto- 

•  Hlldebiaiidfs  Anst.  B.  iu.  p.  41.  f  Meckel**  Archir.  1899. 
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moses  with  each  other,  and  these  anastomoses  terminate  at  last  in  a 
continuous  network,  from  which  the  venous  radicles,  on  the  other 
band,  take  their  rise.  The  reticulated  vessels,  connecting  the  arteries 
and  veins,  are,  on  account  of  their  minute  size,  vessels,  called  capiU 
]ar7  vessels.  The  point  at  which  the  arteries  tern^inate  and  the 
minute  veins  commence  cannot  be  exactly  defined,  for  the  transitioa 
is  gradual;  but  the  intermediate  network  has,  nevertheless,  this 
peculiarity,  that  the  small  vessels  which  compose  it  maintain  the 
same  diameter  throughout:  they  do  not  diminish  in  diameter  in  one 
direction,  like  arteries  and  veins.  This,  however,  does  not  justify 
us  in  admitting  with  BichSt,  that  the  capillaries  are  a  peculiar  S3rsteiii 
of  vessels. 

The  size  of  the  capillary  vessels  is  proportioned  to  that  of  the  red 
particles  of  the  blood,  and  can  be  measured  in  parts  finely  injected. 

Their  diameter  varies  from  ji^nr^h  ^^  ti^^^)  ^^^^  ^^  Wirv^  of  ^^ 
inch,  but  in  the  mean  is  most  frequently  between  ^^Virth  and  rig^ 
of  an  inch. 

Table  of  the  size  of  the  capillaries  in  different  injected  parts. 

Organ,  Observer,  Diameter  infradions 

of  an  Engiuh  wdL 

In  the  brain        -       -  E.  H.  Weber  ^iiV* 

Human  Kidney      -       -  MuUer       -  •         from  ^^Ve  to  ,/ys 

Ciliary  processes        -  Do.        ...  ^^^ 

Macoas  membrane  of    *)  xwr^x^.  r^^     i     *^     • 

laree  intestines         5  ^®^'       "  "         ^^^^fn^  iiV, 

Lymphatic  gland        -  Do.         ...  ,^,^  to  ii^^ 

Skin        -  -  Do.  -        -  -     i/^^ 

Inflamed  membrane      •  Do.        -  -  from  j,*^  to  x^^ 

The  capillaries  in  their  natural  state,  when  filled  with  blood,  and 
when  they  are  not  so  much  distended  as  when  injected,  have  beea 
seldom  measured.  In  the  scrotum  of  a  new-born  child,  where  the 
cuticle  could  be  removed,  Weber  found  their  diameter  to  be  ^i^th 
of  an  inch.  In  very  young  animals  the  capillary  vessels  are  larger 
than  in  the  adult,  thus  corresponding  in  size  to  the  red  particles  of 
the  blood,  which  are  also  in  part  larger  at  the  former  period.  No 
other  elementary  tissues  are  much  more  minute  than  the  capillariea^ 
The  muscular  fibres,  the  minuteness  of  which  has  hitherto  beea 
much  overrated,  measure,  according  to  Prevost  and  Dumas,  r^rrth 
of  an  inch  in  diameter.  The  primitive  fibrils  of  the  muscles  of  man 
are  five  or  six  times  smaller  than  the  red  particles  of  his  blood.  The 
primitive  nervous  fibril  in  Mammalia,  according  to  my  measurement, 
is  from  one-third  to  one-half  the  size  of  the  red  particles  of  the  blood. 

No  other  tubes  in  the  body  are  so  minute  as  the  capillary  vessels. 
The  diameter  of  the  biliary  ducts  of  the  liver  and  of  the  tubuli  urini- 
feri,  even  where  they  are  the  finest,  is  several  times  greater  than  that 
of  the  capillary  vessels.  All  these  different  elementary  tissues, 
glandular  ducts,  muscular  fibres,  and  nervous  fibrils,  are  surrounded 
and  connected  together  by  a*  network  ojf  capillaries.  The  primitive 
fibres  of  muscles,  and  those  of  the  nerves,  are  not  themiselves  tra- 
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Tened  by  any  blood-vessels;  for  they  are  smaller  than  the  finest 
capillaries.  In  examining  recent  and  well-injected  specimens  of 
these  parts,  no  other  capillary  vessels  are  seen  than  those  which  are 
distributed  in  the  interstices  of  the  primitive  fibres,  and  it  is  the  same 
with  regard  to  the  minute  ducts  of  glands.  The  capillary  vessels  of 
the  kidneys  run  everywhere  in  the  interstices  and  on  the  surface  of 
the  urinary  ducts;  but  the  ducts  themselves,  according  to  my  observa- 
tions, contain  no  blood-vessels. 

The  form  qf  the  capillary  nettoork  is  in  general  very  uniform, 
and  varies  merely  in  the  size  of  the  meshes,  or  in  their  being  elon- 
gated or  not.  In  the  capillary  network  of  muscles  and  nerves,  the 
meshes  are  elongated  in  the  direction  of  the  primitive  fibrils  on 
which  they  are  distributed.  The  remarks  of  Soemmering  and  Doel- 
linger,  and  especially  those  of  Berres,*  with  regard  to  the  variety  in 
the  distribution  of  the  minute  vessels  in  the  different  tissues,  are  very 
correct;  they  do  not,  however,  refer  to  the  capillary  vessels  them- 
selves, but  to  the  minute  arteries  and  veins  which  ramify  and  divide 
still  farther,  before  forming  the  capillary  network.  Soemmering  ob- 
serves, that  the  mode  of  ramification,  in  the  small  intestines  resem- 
bles a  tree  which  is  not  in  leaf,  in  the  placenta  a  tuft,  in  the  spleen 
an  asperge  or  sprinkling-brush,  in  the  muscles  a  branch  of  twigs,  in 
the  tongue  a  hair-pencil,  in  the  liver  a  star,  in  the  testicle  and  in  the 
choroid  plexus  of  the  brain  a  lock  of  hair,  in  the  Schneiderian  mem- 
brane a  trellis-work.  In  the  branchiae  the  arteries  and  veins  take 
the  direction  of  the  branchial  lamellas,  the  arterial  current  ascending 
on  one  side,  the  venous  descending  on  the  other.  The  form  of  rami- 
fication of  the  vessels  of  tendons,  which  are  not  immediately  con- 
nected with  the  long  twig-like  vessels  of  the  muscles,  is,  according  to 
E.  H.  Weber,  dendritic.  It  appears,  however,  that  the  vessels  spoken 
of  by  Prof.  Weber  are  merely  those  of  the  sheath  of  the  tendon;  the 
true  vessels  of  tendons,  as  recently  described  by  Mr.  Paget,  run  lon- 
gitudinally in  straight  parallel  lines,  rarely  give  off  branches,  and 
rarely  anastomose,  though  occasionally  a  transverse  twig  passesfrom 
one  longitudinal  vessel  to  another;  each  artery  is  accompanied  by  a 
•ingle  vein.t  In  the  cortical  portion  of  the  kidneys  there  are  \iec\k' 
Mbx glomeruli  of  blood-vessels  in  the  midst  of  the  capillary  net work.t 
Haschke  has  very  recently  proved  that  the  minute  artery  which 
enters  one  of  these  vascular  ganglia,  issues  from  it  again,  after  making 
several  convolutions,  and  then  becomes  continuous  with  the  capil- 
lary network.§  This  may  be  seen  distinctly  in  the  triton  or  water 
salamander.  At  the  extremity  of  each  of  the  villi  which  form  the 
tufts  of  the  human  placenta,  a  minute  artery  becomes  directly  con- 
tinnous  with  the  minute  returning  vein.    Thus  the  mode  of  division 

•  Med.  Jabrb.  d.  dtterr.  Staatev.  Bd.  14. 

f  See  Med.  Gazette,  July  13, 1839. 

%  See  the  Section  on  Secretion,  Chapter  ii.  and  oiy  work  De  Gland.  Struct,  penit. 
pp.  100,  101. 

$  Tiedemaon  und  Treviranus,  Zeitschrift  fiir  Physiol.  4  Bd.  1  H.  p.  116,  tab. 
^  fig.  8. 
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of  the  miDute  arteries  presents  many  varieties,  while  the  capillarjr 
network  itself  differs  merely  in  the  size  of  the  meshes,  and  in  their 
more  oblong  or  equilateral  figure.  Of  this  I  have  been  convinced  in 
the  course  of  my  researches  on  the  glands;  for  in  these  organs,  how- 
ever various  the  distribution  of  the  minute  ducts  may  be,  the' capil- 
lary vessels  have  always  the  simple  reticulated  form,  and  do  not 
follow  in  their  arrangement  the  distribution  of  the  ducts.  In  the 
medullary  portion  of  the  kidneys,  where  the  urinary  tubuli  are  col- 
lected into  pyramidal  bundles,  the  small  arteries,  and,  as  I  have  re- 
cently more  than  once  satisfied  myself  by  injection,  the  veins  also, 
run  in  the  form  of  long  straight  vessels  between  the  urinary  ducts, 
and  have  commonly  been  mistaken  for  ducts  injected  from  the  blood- 
vessels; but  even  these  straight  blood-vessels  give  off  capillaries 
which  form  elongated  meshes,  and,  diminishing  in  size  as  they  run 
from  the  cortical  portion  towards  the  mammella,  terminate  at  last  on 
the  mammella  itself,  in  a  fine  network  surrounding  the  openings  of 
the  urinary  ducts.  In  the  same  way  the  smaller  branches  of  the 
blood-vessels  run  lengthwise  between  the  muscular  and  nervous 
fibrils;  but  the  true  capillary  vessels  form  a  network  around  the 
parallel  fibres  of  the  muscles  and  nerves,  just  as  they  do  in  the  testi- 
cle around  the  convoluted  tubuli seminiferiy  and  in  the  cortical  por- 
tion of  the  kidney  around  the  tubuli  urintferi.  The  small  arteries  in 
the  branchiae  of  the  salamander  also  follow  the  mode  of  division  of 
the  branchial  lamellse,  and  terminate  at  the  extremity  of  each  lamella 
in  descending  branchial  veins;  but  between  the  two  vessels  there  is, 
even  in  the  smallest  lamella,  a  network  which  Riisconi  and  others 
have  overlooked,  but  in  which  I  have  seen  the  red  particles  of  the 
blood  circulating. 

Number  of  the  eapillaries  and  size  of  the  meshes  in  different 
parts. — The  parts  in  which  the  network  of  capillaries  is  closest,  thai 
is,  in  which  the  meshes  are  the  smallest,  are  the  lungs  and  the  cho- 
roid membrane  of  the  eye.  In  the  iris  and  ciliary  body,  even,  the 
interspaces  are  somewhat  wider.  The  vascular  network  is  also  very 
close  in  the  raucous  membranes  of  the  lungs,  liver,  and  kidneys,  and 
in  the  cutis  vera.  In  the  choroid  of  the  turkey,  the  interspaces  are 
of  the  same  size,  or  even  smaller  than  the  capillary  vessels  themselves. 
In  the  human  lung  the  interspaces  are,  if  anything,  smaller  than  the 
vessels  which  form  the  network.  In  the  human  kidney,  and  in  the 
kidney  of  the  dog,  the  diameter  of  the  injected  capillaries,  compared 
with  that  of  the  interspaces,  is  in  the  proportion  of  one  to  four,  or  of 
one  to  three.  The  brain  receives  a  very  large  quantity  of  blood;  but 
the  capillaries  in  which  the  blood  is  distributed  through  its  substance 
are  very  minute,  and  less  numerous  than  in  some  other  parts,  so  that 
the  blood  must  pass  through  it  into  the  veins  more  quickly  than  in 
other  organs.  E.  H.  Weber  found  the  diameter  of  the  capillaries  in 
the  brain,  compared  with  the  long  diameter  of  the  meshes,  in  the 
proportion  of  one  to  eight  or  ten;  compared  with  the  transverse 
diameter,  in  the  proportion  of  one  to  four  or  six.  In  the  mucous 
membranes— for  example,  in  the  conjunctiva— and  in  the  cutis  vera, 
the  same  observer  found  the  capillary  vessels  themselves  much  larger 
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than  Id  Che  brain,  and  the  interspaces  narrower,**-nameiy,  not  more 
than  three  or  four  times  wider  than  the  vessels.  In  the  periosteum 
the  meshes  were  much  larger.*  The  bones,  cartilages,  ligaments, 
and  tendons  are  the  parts  which  have  the  smallest  number  of  blood- 
vessels and  capillaries.  At  the  line  limiting  muscle  and  tendon,  the 
great  difference  in  the  vascularity  of  the  two  parts  is  very  observable; 
the  greater  number  of  the  blood-vessels  of  the  muscles  are,  according 
to  Doellinger,  reflected  back  again,  and  have  no  immediate  con- 
nection with  the  scanty  vessels  of  the  tendons.  Prochaskat  observed 
the  same  relation  between  the  free  portion  of  the  synovial  membrane 
and  that  which  covers  the  articular  cartilages.  I  saw  very  beautiful 
injected  preparations  of  the  cartilages  of  the  trachea,  larynx,  and 
costal  cartilages  of  a  fox  in  the  museum  of  Fremery  at  Utrecht 
The  existence  of  vessels  in  the  internal  shining  layer  of  the  serous 
membranes,  has  hitherto  been  doubtful;  but  some  injections  of  the 
peritoneum  by  Bleuland,  wliich  I  saw  at  Utrecht,  made  me  hesitate 
to  adopt  Rudolphi's  opinion,  that  the  vessels  of  serous  membranes 
are  situated  in  the  subserous  cellular  tissue;  and  Schroeder  van  der 
Kolk{  has  injections  of  the  peritoneum,  which  prove  indubitably 
that  this  membrane  contains  vessels.  It  is  still  doubtful  whether  the 
vitreous  humour  and  the  substance  of  the  cornea  are  supplied  with 
capillaries. 

Have  the  minute  arteries  open  mouths? — Microscopic  observa- 
tions and  minute  injections  have  shown  that  the  capillary  vessels  are 
merely  the  fine  tubes  which  form  the  medium  of  transition  from 
arteries  to  veins,  and  that  no  other  kind  of  vessel  arises  from  them; 
that  the  minute  arteries  have  no  other  mode  of  termination  than  the 
communication  with  the  veins  by  means  of  the  capillaries;  in  a  word, 
that  there  are  no  vessels  terminating  by  open  extremities.  It  is  the 
more  necessary  to  demonstrate  this  fact,  which  minute  anatomy  has 
clearly  shown,  since  Haller  unfortunately  adopted,  and  thus  con- 
tributed to  confirm,  the  crude  notions  of  his  predecessors  regarding 
the  open  terminations  of  arteries.  He  admitted  that  arteries  termi- 
nate in  five  ways:  1st,  by  openings  on  the  surface  of  membranes; 
idd,  ip  lymphatics;  dd,  in  secreting  canals;  4th,  in  fat;  and,  lastly,  in 
▼eins.  But  in  those  times  the  secretion  of  mucus  and  fat  could  not 
be  understood,  without  presupposing  the  existence  of  open  extremi- 
ties of  the  blood-vessels.  Ailer  Mascagni,  Hunter,  Prochaska,  and 
Soemmering  had  contended  with  success  against  this  hypothesis  of 
the  open  termination  of  arteries,  it  still  remained  a  matter  of  doubt 
whether  there  was  not  a  communication  between  the  blood-vessels 
and  the  secreting  canals  of  the  glands.  My  researches,  however,  on 
the  structure  of  all  glands,  in  which  better  auxiliary  means  have  been 
had  recourse  to,  such  as  the  injection  of  the  secreting  canals  them- 
selves, the  use  of  the  microscope,  and  the  history  of  the  development 
of  the  embryo,  together  with  similar  observations  by  Huschke  and 
Weber,  have  proved  thai  no  such  communications  exist  in  any  se- 

*  Weber  in  Hildebrandt'B  AnaU  3  Bd.  p.  45. 

f  Disqniutio  anttomico-phyBiologiea  Organismi  hamanL    Vienne,  1819,  p.  96. 
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creting  gland,  and  that  the  radicles  of  the  secreting  canals,  however 
various  their  form  in  the  different  glands,  are  always  closed  at  their 
radicle  extremity.  The  existence  of  exhalent  vessels  also,  which 
even  Bichfit  admitted,  and  supposed  to  be  open  side-branches  of  the 
capillary  vessels,  is  purely  hypothetical.  An  exhaling  membrane, 
such  as  the  peritoneum,  has  merely  reticulated  capillary  vessels 
spread  out  over  a  great  superficies,  and  the  fluids  are  exhaled  into 
the  cavities  by  permeating  the  substance  of  the  membrane  itself:  all 
animal  textures  being  permeable  by  fluids,  by  virtue  of  the  pores 
which,  though  not  visible,  must  necessarily  exist  even  in  the  smallest 
molecules  of  the  animal  substance  that  are  capable  of  being  softened 
by  fluids.  It  is  owing  to  this  porosity  that  when  arteries  are  injected 
with  a  solution  of  size  coloured  with  cinnabar,  a  colourless  fluid,  as 
was  pointed  out  by  Mascagni,  exudes  on  the  surface  of  the  mem- 
branes, the  colouring  particles  not  being  able  to  pass  through  the 
pores. 

Serous  vessels,  that  is,  branches  of  the  blood-vessels  too  minute  to 
allow  the  passage  of  the  red  particles,  and  consequently  traversed 
merely  by  the  lymph  of  the  blood,  may  possibly  exist,  though  they 
have  not  been  demonstrated.  In  favour  of  this  hypothesis  those 
parts  are  adduced  in  which  no  vessels  carrying  red  blood  have 
hitherto  been  discovered,  namely,  the  cornea,  the  capsule  of  the  crj^s- 
talline  lens,  and  the  vitreous  body. 

The  existence  of  vessels  in  the  substance  of  the  cornea  is  doubtful; 
they  have  never  been  injected.  Nevertheless,  penetrating  ulcers 
and  granulations  are  formed  in  the  cornea,  which  can  scarcely  be 
conceived  to  occur  without  the  agency  of  vessels.  In  calves  of  nearly 
the  full  time,  I  have  repeatedly  seen  vessels  containing  red  blood  in 
the  corneal  conjunctiva,  and  could  not  trace  them  with  a  lens  more 
than  a  line  over  the  margin  of  the  cornea.  Henle  has  injected  and 
made  drawings  of  these  vessels;  they  measured  from  ttVv^'^  ^^  rir^^ 
of  an  inch,  and  the  finest  twigs  were  not  then  injected;  their  trunirs, 
which  arose  from  a  circular  vessel  that  ran  around  the  cornea,  were 
somewhat  larger.  I  have  the  preparations  of  these  parts  in  my  pos- 
session. Professor  Wutzer  has  seen  them.  Professor  Re.tzius  has 
injected  similar  vessels  in  adult  animals.*  It  is  well  known  that  in 
inflammation  the  cornea  contains  vessels  carrying  red  blood.  I  saw 
at  Utrecht,  in  the  possession  of  Schroeder  van  der  Kolk,  a  most 
beautiful  injected  preparation  of  a  slightly  inflamed  eye,  in  which 
the  conjunctiva  as  well  as  the  aqueous  membrane  were  injected. 
The  posterior  capsule  of  the  lens  even  in  full-grown  animals  contains 
vessels  carrying  red  blood,  derived  from  the  branch  of  the  arteria 
eentraliSj  which  traverses  the  vitreous  humour  to  reach  the  posterior 
capsule.  I  have  seen  these  vessels  sometimes  filled  with  blood  in 
the  fresh  eyes  of  the  calf  and  ox;  Zinn  saw  the  sam^  thing.  Henie 
has  shown  that  the  vessels  of  the  posterior  capsule  in  the  foetus  com- 
municate with  vessels  of  the  zonula  Zinni  or  corona  ciKaris^  and 

*  See  Henle,  De  Membrana  papillari  aliitqae  Membrania  Oonli  pelliioeiitibiis. 
Bonne,  183S. 
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ciliary  processes;  and  he  has  injected  and  given  a  representation  of 
the  communicating  branches.  In  the  embryo  of  Mammalia  the 
vessels  of  the  posterior  capsule  are  connected  with  those  of  the  pu- 
pillary membrane  through  the  medium  of  a  very  vascular  membrane, 
which  I  have  discovered, — the  membrana  capsnio-pupillaris.  This 
new  membrane  is  stretched  between  the  inner  border  of  the  iris  and 
the  inner  border  of  the  corona  ciliaris,  or  the  border  of  the  capsule 
of  the  lens,  and  contains  numerous  parallel  longitudinal  vessels, 
which  pass  from  the  iris  and  pupillary  membrane  to  the  corona 
eUiaru  and  posterior  capsule  of  the  lens.  In  the  anterior  capsule 
the  vessels  are  extremely  difficult  to  demonstrate;  but  in  inflamed 
eyes  they  are  distinct  both  on  the  anterior  and  posterior  wall  of  the 
capsule,  as  I  saw  in  an  excellent  injected  preparation  of  a  cataractous 
03^6  in  Schroeder  van  dcr  Eolk's  collection  at  Utrecht.  The  zonula 
Zinnif  or  corona  ciliarisj  appears,  from  Henle's  and  Schroeder's 
injections,  to  be  a  vascular  organ,  and  to  be  of  great  importance  for 
the  nourishment  of  the  transparent  humours.  The  vitreous  body 
contains  blood-vessels,  at  all  events  in  the  embryo  and  in  fishes. 

All  these  facts,  however,  render  it  very  probable  that  even  the 
oomea  and  capsule  of  the  lens,  to  which  vasa  serosa  have  been 
hitherto  ascribed,  are  really  provided  with  vessels  carrying  red  blood; 
and  it  is  certain  that  the  capsule  of  the  lens  of  the  eye  of  the  ox,  as 
well  as  the  corneal  conjunctiva  in  the  fully  developed  foetus  of  the 
sheep,  are  supplied  with  red  blood.  The  vessels  of  the  corneal  con- 
junctiva are  certainly  infinitely  less  numerous  than  those  of  the  scle- 
rotic conjunctiva;  there  is  the  same  difference  between  those  two 
parts  as  between  the  part  of  the  synovial  membrane  which  is  free, 
and  that  which  covers  the  articular  cartilages.  E.  H.  Weber  remarks, 
rery  correctly,  that  a  single  stratum  of  capillary  vessels  is  not  at  all 
recognisable  by  the  eye  alone;  the  colourless  appearance  of  the  parts 
of  which  we  have  been  speaking,  consequently,  does  not  prove  that 
they  contain  no  blood-vessels.  The  mesentery,  also,  in  the  space 
between  the  large  vessels  appears  to  the  naked  eye  to  be  equally 
free  from  vessels,  and  transparent;  but  by  the  aid  of  the  microscope 
namerous  capillaries  become  evident  in  it.*  While,  however,  we 
maintain  that  blood-vessels  exist  even  in  transparent  membranes, 
we  by  no  means  prove  that  all  the  vessels  of  these  parts  are  of  such 
sixe  as  to  admit  the  red  particles  of  the  blood.  On  the  contrary,  it 
is  probable  that  the  greater  part  of  the  more  delicate  vessels  of  these 
parts  transmit  only  the  fluid  part  of  the  blood,  the  liquor  sanguinis; 
and  in  other  parts  also  there  may  be  such  minute  capillaries  convey- 
ing merely  the  liquor  sanguinis  from  the  arteries  to  the  veins.  It 
would  be  wrong,  however,  to  distinguish  these  vessels  from  the  rest 
of  the  capillary  system,  as  vasa  serosa,  since  they  are  not  essentially 
diflferent  from  other  capillaries,  and  since  the  same  vessels  which 
ordinarily  carry  merely  the  fluid  of  the  blood,  are  often  traversed 
from  time  to  time  by  single  red  particles.  The  question  concerning 
the  existence  of  serous  vessels  has  now  lost  much  of  its  interest, 

•  On  this  Bobject  geDerally,  coosalt  Henle,  loc.  citat 
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since  we  know  that  such  vessels  are  not  necessary  either  for  fbe 
nutrition  or  growth  of  tissues. — See  Book  I,  chapter  I. 

Have  the  capillaries   membranous  parietes? — The    question 
whether  the  minute  capillaries  have  membranous  parietes  is  im- 

Grtant.  It  has  been  the  universal  testimony  of  observers,  from 
alpighi  to  Doellinger,  that  in  living  animals  no  membranous  walls 
are  discoverable  by  the  aid  of  the  microscope.  Doeilinger*  regards 
the  blood  as  fluid  animal  substance,  the  substance  of  the  oi^ans  aa 
solid  blood.  Gruithuisen  saw  the  blood  flowing  in  free  spaces  be* 
tween  the  acini  of  the  liver  in  the  frog:  this  is  seen,  according  to  my 
experience,  much  more  distinctly  in  the  liver  of  the  larva  of  the 
triton,  which  alone  I  found  adapted  for  the  observation.t  Wede-> 
meyer  doubted  the  existence  of  membranous  parietes, from  observing 
the  broad  currents  of  blood  and  the  small  islets  of  solid  tissue  in  the 
lungs  of  the  salamander.  C.  F.  Wolflf,  Hunter,  Doeilinger,  Grui- 
thuisen, BaumgSrtner,  Wedemeyer,  Meyen,  and  Oesterreicher  also 
deny  the  existence  of  membranous  parietes  to  the  capillary  vessels; 
while  Leeu wenhoeck,  Halter,  Spallanzani,  Prochaska,  Bichtt,  Berres^ 
and  Rudolphi  are  of  the  contrary  opinion. 

The  argument  for  the  non-existence  of  membranous  tubes,  which 
Doeilinger  and  Oesterreicher  deduce  from  the  development  of  new 
vessels,  cannot  be  applied  to  vessels  already  formed;  and  more  accn* 
rate  researches  appear,  indeed,  to  refute  altogether  the  hypothesis  of 
the  circulation  of  the  blood  in  canals  without  membranous  tubes. 
The  facts  that  fluids  injected  into  the  arteries  pass  into  the  veins 
without  extravasation,  and  that  currents  cross  above  and  below  each 
other  without  uniting,  have  been  adduced  as  arguments  for  the  ex- 
istence of  membranous  parietes  to  the  capillaries.  The  number  of 
the  currents,  and  indeed  the  smallness  of  the  islets  of  solid  matter 
between  them  in  the  pulmonary  membrane  of  the  frog  and  sala» 
mander  also  tend  to  prove  that  membranous  tubes  must  exist;  for 
otherwise  these  small  islets  would  themselves  be  sometimes  involved 
in  the  currents.  But  there  are  also  direct  means  of  proving  the  ex- 
istence of  membranous  tubes  around  the  capillary  streams.  For  this 
purpose  we  must  select  a  very  delicate  parenchyma,  which  easily 
softens  and  dissolves  in  water,  so  as  to  leave  behind  the  network  oif 
capillaries.  In  a  niece  of  the  cortical  substance  of  the  kidney  of  a 
squirrel  which  had  been  laid  in  water  for  a  short  time  only,  but  long 
enough  to  have  become  softened,  the  capillary  vessels  which  are  in- 
terla^  around  the  tubuU  uriniferi  appeared  to  me,  when  I  examined 
them  by  the  microscope,  to  be  independent  parts.  In  the  choroid, 
iris,  and  ciliary  processes,  the  capillaries  are  still  more  evidently 
substantial  independent  parts.  They  can,  however,  be  demonstrated 
most  distinctly  in  the  plicated  organ  discovered  by  Treviranus  in  the 
cochlea  of  the  internal  ear  of  birds.  C.  Windischmann):  concludes, 
from  his  dissections,  that  the  laminss  of  this  part  are  merely  folds 

*  Denksohriften  der  Akad.  za  Mucheo,  7* 
t  See  Meckers  Archiv.  1829. 
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and  wrinkles  of  a  membrane  which  arches  over  the  spiral  plate  of  the 
cochlea.  The  membrane  is  extremely  delicate  and  pulpy;  its  soft 
snbstance  is  however  traversed  by  an  extremely  beautiful  network 
of  vessels,  which  Windischmann  has  injected  from  the  carotid;  it 
dissolves  easily  in  water,  leaving  the  beautiful  vascular  network 
with  the  meshes  empty.*  In  the  uninjected  state,  also,  the  vascular 
network  remains  after  the  pulpy  substance  has  been  dissolved. 
Lastly,  Schwann  has  recently  ascertained,  by  means  of  the  micro- 
scope, that  the  capillaries  have  not  merely  membranous  parietes,  but 
a  coat  in  which  circular  fibres  arranged  as  in  the  arteries  can  be  dis- 
tinguished. This  he  discovered  in  the  capillaries  of  the  mesentery 
of  the  frog,  and  brown  or  fire  toad  (Rana  bombina).  It  is  necessary 
to  employ  a  high  magnifying  power  and  rather  a  feeble  light;  but 
the  fibres  may  be  seen  in  the  dead,  as  well  as  in  the  living  animal. 
Bat  even  where  no  transverse  fibres  are  visible,  the  capillaries  seem 
to  have  delicate  membranous  parietes,  in  the  substance  of  which 
oval  bodies  resembling  nuclei  of  epithelium  scales  appear  at  intervals. 
This  structure  of  the  capillaries  has  been  observed  by  Henle  in  the 
cerebral  substance,  and  by  Schwann  in  the  tail  of  tadpoles,  and  has 
been  distinctly  seen  by  the  translator  in  the  tail  and  branchiae  of  the 
larva  of  the  salamander,  in  the  web  of  the  frog's  foot,  and  in  the 
substance  of  the  kidney. 

2.  Circulation  in  the  CapiUarie$, 

Jia  viewed  by  ihe  microscope. — If  the  circulation  in  any  transpa- 
rent part  of  a  living  adult  animal  is  examined  by  means  of  the 
microscope,  the  blood  is  seen  to  flow  through  the  minute  arteries 
and  capillaries  with  a  constant  equable  motion.  In  very  young 
animals  the  motion,  though  continuous,  is  accelerated  at  intervals 
corresponding  to  the  pulse  in  the  larger  arteries,  and  a  similar  motion 
of  the  blood  is  also  seen  in  the  capillaries  of  adult  animals  when  they 
are  feeble:  if  their  exhaustion  is  so  great  that  the  power  of  the  heart 
is  still  more  diminished,  the  red  particles  are  observed  to  have  merely 
the  periodic  motion,  and  to  remain  stationary  in  the  intervals;  while, 
if  the  debility  of  the  animal  is  extreme,  they  even  recede  somewhat 
afier  each  impulse.  These  observations  of  Wedemeyer,  which  1 
must  confirm  as  the  result  of  all  my  experiments,  are  of  great  im- 
portance; for  they  prove  that,  even  in  the  state  of  the  greatest 
debility,  the  action  of  the  heart  is  sufficient  to  impel  the  blood 
through  the  capillary  vessels.  The  pulsatory  motion  of  the  blood  in 
the  capillaries  cannot  be  attributed  to  an  action  in  these  vessels  them- 
selves; for  when  the  animal  is  tranquil,  they  present  not  the  slightest 
change  in  their  diameter. 

It  might  be  supposed  that,  even  in  the  natural  state,  the  blood 
flows  in  this  pulsatory  manner  through  the  capillaries,  and  that  the 
apparent  regularity  of  its  motion  is  attributable  to  the  rapidity  of 
the  circulation,  which,  when  viewed  by  the  microscope,  appears  even 
greater  than  it  really  is;  but  the  fact  that  the  blood  flows  in  an  equa- 
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ble  stream  from  the  Teins,  proves  that  the  eflfeet  of  the  impulses  eom- 
mnnicated  to  the  blood  is,  in  the  natural  condition,  really  lost  in  the 
capillary  system. 

The  caust  of  the  equable  fnotum  of  the  blood  in  the  eapiUariea 
must  be  sought  in  the  elasticity  of  the  arteries.  The  elastic  coat  of 
the  artery  is,  during  each  pulsation,  distended  by  the  blood  forced 
into  it,  but  daring  the  intervals  of  the  heart's  action  contracts  again, 
so  as  to  force  on  the  blood,  and  convert  its  merely  periodic  motion 
into  a  continuous  although  periodically  accelerated  one;  and  thus 
by  the  time  that  the  blood  reaches  the  minute  arteries,  the  impulse 
given  by  each  contraction  of  the  ventricle  is  lost  in  dilating  the  arte- 
ries, while  the  continuous  motion — the  result  of  their  elasticity — 
remains.  During  its  course  through  the  small  vessels,  the  circulation 
of  the  blood  will  necessarily  be  modified  by  the  unequal  obstructions 
that  it  meets  with,  causing  it  to  be  checked  for  a  time  in  one  vessel, 
while  it  circulates  more  quickly  through  others;  but  the  pulsatory 
motion  will  no  longer  be  perceptible.  When  an  animal,  however, 
is  much  weakened,  and  the  propulsive  power  of  the  heart  conse- 
quently diminished,  the  arteries  become  distended  by  less  blood  at 
each  pulsation,  and  in  their  turn  react  with  less  force  upon  the  blood. 
The  cause,  therefore,  which  in  the  natural  state  renders  continuous 
the  periodic  motion  of  the  blood,  is  not  under  these  circumstances 
brought  into  action,  and  the  blood  moves  forward  only  at  the  time 
of  each  beat  of  the  heart,  the  effect  of  which  is  then  perceptible  in 
the  capillaries.  The  oscillating  motion  of  the  blood  in  debilitated 
animals  is  said  by  Koch*  to  be  independent  of  the  heart's  action* 
To  both  Wedemeyer  and  myself,  however,  it  appeared  to  be  wholly 
dependent  on  the  contraction  of  the  heart  being  too  feeble  to  over- 
come the  resistance  offered  by  the  capillaries;  so  that  some  part  of 
the  blood,  in  the  intervals  of  the  contractions,  receded  again,  not- 
withstanding the  presence  of  the  valves. 

The  degree  of  resistance  which  the  capillaries  offer  can  be  calcu- 
lated from  the  results  of  the  experiments  instituted  with  that  view 
by  Hales  and  Keill.  The  mode  which  Keill  adopted  was,  to  comp 
pare  the  quantities  of  blood  which  flowed  in  a  given  time  from  the 
divided  crural  artery  and  from  the  crural  vein  of  a  living  dog.  The 
quantity  derived  from  the  crural  artery  compared  with  that  from  the 
vein,  was  in  the  proportion  of  1\  to  3,  so  that  from  these  data  the 
resistance  to  be  overcome  in  the  capillaries  would  seem  to  neutralise 
yVths  or  |ths  of  the  force  with  which  the  arterial  blood  moves. 

Halest  injected  the  mesenteric  artery  of  a  dead  animal  with  water, 
by  allowing  a  column  of  that  fluid  4)  feet  high  to  press  into  the 
artery,  having  previously  divided  the  intestines  along  the  line  oppo- 
site to  the  insertion  of  the  mesentery.  The  quantity  of  water  which 
flowed  from  the  divided  capillaries,  amounted  to  one-third  only  of  the 
quantity  which  escaped  in  the  same  time  when  the  larger  branches 
of  the  artery  were  divided;  so  that  according  to  this  experiment,  the 
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rmstance  offered  by  the  capillaries  equalled  two-thitds  of  the  force 
with  which  the  water  was  forced  into  them. 

Kate  of  the  capiHary  circulation. — To  make  a  comparison  of  the 
rate  of  the  circulation  in  the  capillaries  and  arteries,  we  must  take 
the  mean  rapidity  of  the  blood's  motion  in  these  vessels  at  different 
times  and  in  different  situations;  for  in  the  arteries  the  velocity  of 
the  circulation  is  greater  at  the  moment  of  the  pulse  than  in  the  in- 
tervals of  this  act^and  in  the  capillary  system  it  is  seen  by  the  micro- 
scope to  vary  very  much  in  different  capillary  vessels. 

If  the  sectional  area  of  all  the  branches  of  a  vessel  united  were 
alwa]r8  the  same  as  that  of  the  vessel  from  which  they  arise,  and  if 
the  aggregate  sectional  area  of  the  capillary  system  were  equal  to 
that  of  the  aorta,  or,  in  other  words,  if  the  aggregate  capacity  of  the 
tnbes  through  which  the  blood  passes  were  the  same  iu  all  the  de- 
grees of  their  ramification, — the  mean  rapidity  of  the  blood's  motion 
in  the  capillaries  would  be  the  same  as  in  the  largest  arteries;  and, 
supposing  a  similar  correspondence  of  capacity  to  exist  in  the  veins 
and  arteries,  there  would  be  an  equal  correspondence  in  the  rapidity 
of  the  circulation  in  them.  It  is  quite  true  that  the  force  with  which 
the  blood  is  propelled  in  the  arteries,  as  shown  by  the  quantity  of 
blood  which  escapes  from  them4n  a  certain  space  of  time,  is  much 
greater  than  that  with  which  it  moves  in  the  veins;  but  this  force  has 
to  overcome  all  the  resistance  offered  in  the  arterial  and  capillary 
system, — the  heart  itself,  indeed,  must  overcome  this  resistance;  so 
that  the  excess  of  the  force  of  the  blood's  motion  in  the  arteries,  is 
expended  in  overcoming  this  resistance,  and  the  rapidity  of  the  cir- 
culation in  the  arteries,  even  from  the  commencement  of  the  aorta, 
would  be  the  same  as  in  the  veins  and  capillaries,  if  the  aggregate 
capacity  of  the  three  systems  of  vessels  were  the  same. 

But  since  the  aggregate  sectional  area  of  the  branches  is  always 
greater  than  that  of  the  trunk  from  which  they  arise,  the  rapidity  of 
the  blood's  motion  will  necessarily  be  greater  in  the  trunk,  and  will 
diminish  in  proportion  as  the  aggregate  capacity  of  the  vessels  in- 
creases during  their  ramification. 

The  motion  of  the  blood  in  the  capillaries  is  wholly  dependent 
on  the  heart's  action.  Many  physiologists,  believing  that  the  power 
of  Ihe^  heart  is  not  sufficient  to  propel  the  blood  through  the  capillary 
system,  have  imagined  the  existence  of  other  auxiliary  forces,  such 
as  contractions  of  the  capillaries  themselves,  or  a  spontaneous  motion 
of  the  blood, — neither  of  which,  however,  has  been  demonstrated  by 
direct  observation.  On  the  contrary,  it  is  irrefragably  proved,  that 
the  motion  of  the  blood  through  the  capillaries  is  effected  solely  by 
the  action  of  the  heart;  for  in  animals,  the  strength  of  which  is  much 
exhausted,  the  impulse  communicated  to  the  blood  by  the  ventricles 
is  visible  in  the  capillaries;  and  the  flow  of  blood  from  a  divided 
vein  is  accelerated  during  expiration,  proving  that  the  increased 
impulse  given  to  the  current  of  blood  by  the  compression  of  the  great 
vessels  in  the  chest,  is  also  transmitted  through  the  capillaries  to  the 
veins.  The  dependence  of  the  circulation  of  the  blood  in  the  veins 
on  the  action  of  the  heart,  is  also  proved  by  the  following  experiment 


228  oiECui^TioN  nr  the  oapiluoubs. 

of  Magendie: — He  applied  a  ligature  to  the  leg  of  a  dog,  the  cniral 
artery  and  vein  not  being  included.  The  vein  was  then  tied  sepa- 
rately,  when  it  was  seen  to  become  turgid  below  the  ligature,  with 
the  blood  returning  from  the  limb;  and,  if  it  was  punctured  at  that 
party  the  blood  spirted  out  in  a  full  stream.  When  the  crural  artery 
was  compressed,  the  flow  of  the  blood  from  the  vein  gradusdly 
ceased,  but  recommenced  when  the  pressure  on  the  artery  was  re- 
mitted. Poiseuille,  by  means  of  the  instrument  already  described, 
measured  the  pressure  of  the  blood  in  the  portion  of  a  vein  most  dis* 
tant  from  the  heart,  and  found  it  to  be  exactly  proportioned  to  that 
of  the  blood  in  the  arteries,  increasing  and  diminishing  according  as 
the  force  of  the  blood  in  the  latter  vessels  was  greater  or  less.* 

The  differences  of  the  blooiPs  motion  in  different  capiilarieM 
arise  from  mechanical  causes.  Wedemeyer's  description  of  the 
course  of  the  blood  in  the  anastomosing  capillaries,  agrees  perfectly 
with  what  I  have  observed.  Sometimes,  he  says,  the  red  particles 
flow  rapidly  from  one  current  into  a  second,  as  if  by  attraction.  In 
other  cases  the  second  current  being  very  rapid,  the  red  particles 
seem  to  be  arrested  in  the  collateral  current,  and  only  from  time  to 
time  And  means  of  entering  the  rapid  stream.  Sometimes  a  red  par- 
ticle is  even  thrown  back  for  a  msment  out  of  the  more  rapid  into 
the  weaker  current,  but  being  repelled,  resumes  its  former  course. 

I  have  also  remarked,  that  the  same  anastomosing  branch  between 
two  currents  sometimes  receives  the  blood  in  one  direction,  and 
sometimes  in  the  other,  and  that  variations  of  pressure  and  position, 
and  motions  of  the  animal,  are  always  the  causes  of  these  changes. 
All  these  variations  in  the  capillary  currents  are  then,  just  as  in  cor- 
xents  of  water  on  irrigated  land,  merely  the  results  of  mechanical 
causes.  In  the  most  minute  capillaries,  which  are  not  red,  nor  evea 
yellow,  but  quite  transparent,  there  is  merely  a  single  line  of  red 
particles  separated  by  unequal  intervals;  and  from  time  to  time  no 
red  particles  are  seen  in  these  colourless  vessels;  but  I  have  ob- 
served no  canals  through  which  red  particles  did  not  occasionally 
pass,  and  which,  therefore,  could  deserve  the  name  of  vasa  serosa; 
and  Wedemeyer,  who  says  that  he  has  seen  such  vasa  serosa^  him- 
self confesses  that  some  of  the  red  bodies  traversed  them  from  time 
to  time.  The  red  particles  do  not  rotate  on  their  own  axes  while 
passing  through  the  capillaries;  in  the  frog  they  appear,  for  the  most 
part,  to  move  with  the  long  diameter  in  the  axis  of  the  vessel;  bat 
frequently  they  are  placed  obliquely,  and  their  position  suffers  many 
changes  from  the  mechanical  influence  of  the  coats  of  the  vessels; 
the  red  particles  themselves  are  quite  passive,  and  never  present  the 
slightest  sign  of  spontaneous  motion.  Several  observers  have  re- 
marked that,  in  passing  through  a  narrow  portion  of  the  vessel,  the 
red  particles  are  sometimes  compressed  and  thus  elongated. 

Ml  the  red  particles  which  are  carried  into  the  capillary  system 
by  the  arteries^  are  returned  from  it  by  the  small  veins;  none  ap- 
parently are  retained  in  the  capillaries,  at  least  in  an  animal  which 
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is  not  enfeebled.  Doellingerand  Dntrochet  maintain  that  the7  have 
seen  the  red  particles  arrested  in  their  course  in  the  vascular  canals, 
and  become  united  with  the  tissue.  I  have  myself,  it  is  true,  fre- 
quently observed  this  arrest  of  the  red  particles,  particularly  in  en- 
feebled animals,  and,  formerly,  thought  it  possible  that  the  red  par- 
ticles of  the  blood  might  in  this  manner  lose  their  mobility;  but  more 
accurate  observations  have  convinced  me  that  these  stagnant  globules 
are  soon  again  set  free,  and  that  it  is  only  in  a  state  of  extreme  de- 
bility that  a  complete  stagnation — or  rather  coagulation — of  the 
blood  occurs  in  the  minute  vessels.  The  occurrence  of  coagulation 
under  such  circumstances  cannot,  however,  be  supposed  to  explain 
the  process  of  nutrition,  being  rather  its  very  opposite.  Not  a  single 
observer  has  confirmed  the  assertion  of  Doellinger  relative  to  the 
union  of  the  globules  with  the  tissue,  by  which  he  supposed  nutri- 
tion to  be  eflfected,  and  the  observations,  which  I  shall  adduce  in 
another  place,  render  it  very  probable  that  nutrititon  depends  on  a 
totally  different  process.  Prevost  and  Dumas,  it  is  true,  inferred 
from  their  experiments,  that  the  red  particles  exist  in  greater  abun- 
dance in  arterial  than  in  venous  blood;  but  this  was  a  theoretical 
error.  They  supposed  that  all  the  fibrin  of  the  blood  was  contained 
in  the  red  particles;  since,  however,  the  fibrin  is  contained  in  solution 
in  the  fluid  part  of  the  blood,  it  is  incorrect  to  estimate  the  quantity 
of  red  particles  in  the  two  kinds  of  blood  from  the  amount  of  coagu- 
lum  yielded. 

Seif'propelltng  potcer  of  the  blood, — Treviranus,  Cams,  Doellin- 
ger, and  Oesterreicher  have  adopted  the  opinion  of  Kielmeyer,  that 
the  blood  is  endued  with  a  power  of  self-propulsion,  which  they  sup- 
pose to  be  exerted  in  the  capillaries  during  life,  independently  of  the 
heart's  action,  and  to  continue  after  the  latter  has  ceased.  This 
opinion  seem^  to  be  confirmed  by  the  observations  of  Wolff  and 
Pander,  who  asserted  that,  in  the  chick,  blood  is  formed  in  the  area 
vasculaaa,  and  moves  from  its  periphery  towards  the  heart,  before 
that  organ  has  pulsated.  This  motion  of  the  blood  independent  of 
and  prior  to  the  heart's  action  is,  however,  doubted  by  Baer:  it  ap- 
peared to  him  that  the  pulsation  of  the  heart  was  first  seen,  and  soon 
afterwards  the  motion  of  the  blood  in  the  transparent  area,  and  that 
the  influx  of  the  blood  from  the  area  vasculosa  to  the  heart  took 

Elace  last  of  all.*  Nor  has  Wedemeyer  been  able  to  convince 
imself  that  the  motion  of  the  blood  in  the  area  vasculosa  commences 
before  the  pulsation  of  the  heart.  The  other  arguments  for  the  in- 
dependent motion  of  the  blood  in  the  capillaries  are  derived  from  the 
continuance  of  the  blood's  motion  in  parts  removed  from  the  body. 
The  idea  of  spontaneous  motion  in  a  fluid  independent  of  attraction 
or  repulsion  from  the  sides  of  another  object  is  itself  inconceivable; 
but,  even  waiving  this  consideration,  the  facts  brought  forward  in 
favour  of  the  hypothesis,  although  in  part  correct,  do  not  appear  to 
me  to  justify  the  conclusions  deduced  from  them.  There  are  two 
conditions  under  which  the  blood  in  the  capillaries  of  a  transparent 
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part  separated  from  the  body,  may  still  be  seen  in  motion  by  means 
of  th^  microscope: — 1.  As  long  as  the  blood  continues  to  flow  from 
the  divided  vessels.  Thus,  for  ten  minutes  after  separating  the  foot 
of  a  frog  from  the  body,  I  could  still  perceive  motion  of  the  blood 
from  the  minute  vessels  towards  the  larger;  that  is  to  say,  towards 
the  openings  of  the  divided  trunks.  These  movements,  in  my  opinion, 
depend  simply  on  the  escape  of  the  blood  from  the  divided  vessels, 
which  by  their  elasticity  contract  to  a  less  diameter  than  they  pre- 
viously had  while  in  the  state  of  forcible  distension.  The  narrowing 
of  the  vessels  can,  in  fact,  be  perceived  by  the  aid  of  the  microscope. 
If  the  divided  surface  from  which  the  blood  flows  is  elevated,  to- 
gether with  the  leg  of  the  frog,  the  escape  of  the  blood  ceases  sooner, 
and  after  five  or  six  minutes  not  the  slightest  motion  is  perceptible 
in  the  capillary  vessels.  Wedemeyer's*  observations  agree  in  most 
particulars  with  mine,  only  that  he  does  not  mention  the  space  of  time 
during  which  the  motions  continue.  2.  The  second  condition  under 
which  these  motions  are  perceptible  is,  that  the  direct  rays  of  the 
sun  be  allowed  to  fall  on  a  moist  part  separated  from  the  body.  The 
surface  of  the  part  then  becomes  dry  and  wrinkled  so  quickly  that 
the  change  is  perceptible  to  the  eye.  This  causes  a  more  rapid 
emptying  of  the  capillary  vessels,  which,  together  with  the  effect  of 
illumination  by  the  direct  rays  of  the  sun,  produces  a  flickering  ap- 
pearance. Thus,  in  the  wing  of  a  bat  removed  from  the  body,  a 
trace  of  this  flickering  motion  of  the  blood  will  be  perceived  in  spots 
even  for  many  hours,  but  only  at  that  part  through  which  the  most 
intense  rays  of  the  sun  are  at  the  time  shining.  The  extraordinarily 
rapid  shrivelling  of  the  surface  may  be  seen  with  the  naked  eye.  U 
the  part  which  is  becoming  dry  is  moistened  again,  the  shrivelling, 
and  with  it  also  the  flickering  motion  in  the  interior  of  the  vesseLSi 
cease  for  some  moments,  but  are  renewed  as  soon  as  the  evaporation 
and  drying  recommence.  Even  after  a  day  and  a  half  had  elapsed, 
I  could  still  see  a  flickering  in  the  interior  of  the  moistened  wing 
when  it  v/as  illumined  by  the  direct  light  of  the  sun.  BaumgSbrtnert 
observed  the  blood  in  the  frog's  foot  continue  in  motion  from  three 
to  five  minutes  after  ligature  of  the  artery,  and  attributed  the  motion 
to  a  reciprocal  action  exerted  between  the  nerves  and  blood;  it  most 
probably  arose  from  the  contraction  of  vessels  which  had  previously 
been  distended;  anastomoses  also  might  give  rise  to  such  appear- 
ances. The  ingenious  experiments  of  Baumgartner  unfortunately 
do  not  clearly  prove  what  they  are  intended  to  do.  Moreover, 
according  to  my  observation,  the  circulation  in  the  capillaries  ge- 
nerally ceases  very  quickly  on  the  compression  of  the  artery  of  the 
limb,  when  the  spontaneous  motion  of  the  red  particles  ought  cer- 
tainly to  be  seen  if  it  exists  at  all.  Having  destroyed  the  vitality  of 
the  heart  of  a  frog  by  the  application  of  liquor  kali  causlicij  I  could, 
by  means  of  the  microscope,  for  some  time  perceive  motion  of  the 
blood  in  the  capillary  vessels,  but  it  depended  probably  on  the  com- 

• 

*  Ueber  den  Kreislaaf  des  Elates.    HanoTer,  1828,  p.  333. 
t  BeobachtoDgen  ober  die  Nenren  n*  d.  Blot.    Freibarg,  1830. 
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pression  of  the  blood  by  the  elastic  coat  of  the  arteries  which  had 
previously  been  in  a  state  of  forcible  distension.  In  one  case  the 
blood  in  the  capillaries  remained  fluid  above  an  hour,  and  from  time 
to  time  advanced  a  little,  then  receded,  was  still,  and  then  again 
moved.  These  motions  were  probably  produced  by  the  compression 
of  the  vessels  by  slight  motions  of  the  frog,  or  of  a  single  set  of  mus- 
cles of  the  leg.  I  deny,  therefore,  the  existence  of  a  self-propelling 
power  in  the  blood. 

If  the  blood  moves  independently  of  the  heart's  action,  it  must  be 
by  virtue  of  an  attraction  exerted  on  it  by  the  solid  walls  of  the  capil- 
lary vessels,  which  seems  to  be  what  BaumgSlrtner  and  Koch  sup- 
pose. If  this  attraction  of  the  blood  by  the  capillaries  and  the 
organised  tissue  really  took  place,  it  might  produce  a  local  accumu- 
lation of  blood;  but  we  cannot  conceive  how  such  attraction  could 
aid  the  circulation  of  the  blood,  for  it  would  cause  the  blood  to 
become  stationary  in  the  capillaries,  unless  it  is  again  admitted  that 
this  attraction  of  the  capillaries  for  the  blood  is  exerted  only  while 
the  blood  retains  its  arterial  character,  and  ceases  when  it  has  be^ 
come  venous.  It  is  only  by  such  an  action  that  the  capillaries  could 
assist  the  circulation.  The  congestion  of  certain  parts  at  particular 
times  is,  however,  no  argument  for  the  existence  of  this  auxiliary 
force,  for  in  this  congestion  there  is  accumulation  as  well  as  attrac- 
tion of  the  blood.  Although  the  circulation  of  the  sap  in  plants, 
effected  by  means  of  attraction  only,  shows  us  the  possibility  of  the 
occurrence  of  a  similar  phenomenon  in  animals,  still  there  are  at 
present  no  direct  observations  which  prove  it  in  a  conclusive  man- 
ner. The  circular  currents  in  many  of  the  lower  animals,  which  had 
been  compared  to  the  motion  of  the  sap  in  the  chara,  and  the  move- 
ment of  fluids  in  vessels,  themselves  destitute  of  motion,  observed  in 
Diplozon  by  Nordmann,  and  in  some  Distomata  by  Ehrenberg,  have 
been  recently  shown  to  depend  on  the  vibrations  of  cilia.* 

Circulation  of  the  lymph-globules  in  the  bloodA — If  the  capillary 
circulation  is  attentively  observed  in  the  tail  of  the  larva  of  the  sala- 
mander or  frog,  or  in  the  mesentery  or  web  of  the  foot  of  the  latter 
animal,  it  is  perceived  that  besides  the  oval  and  flattened  particles, 
the  motion  of  which  has  been  described  in  preceding  paragraphs, 
there  are  other  smaller  and  colourless  bodies,  of  a  spherical  form 
and  granular  surface,  moving  more  slowly  and  irregularly  in  the 
capillary  vessels.  These  latter  bodies  are  evidently  identical  with 
the  so-called  lymph-globules  discovered  by  Professor  Mtlller  in  the 
blood  of  the  frog.  Whenever  one  of  these  lymph-globules  circu- 
lating with  the  current  of  blood  comes  into  contact  with  the  side  of 
the  vessel  its  motion  is  arrested,  and  it  either  becomes  quite  stationary 
for  a  time  or  is  rolled  along  slowly  and  irregularly  at  the  side  of  the 
current.  The  greater  number  of  the  lymph-globules,  indeed,  seem 
to  move  thus  at  the  sides  of  the  stream  of  blood,  while  the  red  par- 
ticles pass  rapidly  along  the  centre  of  the  vessel;  and  when  the  mo- 

*  See  the  aeeoant  of  the  circalation  in  the  lower  animalB,  p.  176. 
t  This  entire  partgnph  on  the  circalation  of  the  ly  mph-globales,  is  by  the  trans* 
later,  Dr,  Baly. 
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tion  of  the  blood  is  not  strong,  several  lymph-globules  frequently  col- 
lect in  a  capillary  vessel,  and  for  a  time  entirely  prevent  the  passage 
of  the  red  particles,  but  all  eventually  re-enter  the  current  of  blood; 
— none  are  observed  to  remain  fixed  and  to  unite  with  the  tissue. 
These  phenomena  were  first  noticed  by  M.  Poiseuille.*  He  inferred' 
from  them  that  the  stratum  of  liquor  sanguinis  in  contact  with  the 
parietes  of  the  vessels  is  stationary,  and  that  globules  of  blood  which 
happen  to  be  thrown  into  it  lose,  on  that  account,  their  rapid  motion. 
But  he  had  not  recognised  the  different  form  and  want  of  colour  of 
the  bodies  which  move  thus  slowly,  or  he  would  have  perceived  the 
insufficiency  of  this  explanation.  The  red  particles  frequently  pass 
in  close  contact  with  the  walls  of  the  vessels,  and  yet  they  for  the 
most  part  glide  smoothly  onwards;  hence  it  appears  probable  that, 
as  M.  E.  H.  Webert  supposes,  the  lymph-globules  and  walls  of  the 
vessels  have  a  tendency  to  adhere  to  each  other,  and  not  to  other 
bodies.  Occasionally,  however,  one  of  the  red  particles  of  the  blood 
is  seen  stationary  at  the  side  of  the  vessel,  and  if  it  remains  thus  for 
any  length  of  time,  it  acquires,  according  to  M.  Weber,  a  globular 
form,  loses  its  red  colour,  and  rolls  along  the  side  of  the  vessel  like 
the  lymph-globules.  He  has  observed  that,  in  tadpoles  kept  some 
time  out  of  water,  the  blood  frequently  became  stagnant  in  a  great 
part  of  the  capillaries  of  the  tail,  and  that  when  it  began  to  circulate 
again  the  red  particles  adhered  to  eacl^  other,  rolled  along  the  sides 
of  the  vessels  and  lost  their  red  colour.  He  states  that  he  has  seen 
this  take  place  to  a  less  extent  in  different  parts  of  the  tail  of  the 
larva,  and  of  the  mesentery  of  the  full-grown  frog,  when  they  were 
not  exhausted,  and  he  conjectures  that  it  has  a  relation  to  the  pro- 
cess of  nutrition.  This  transformation  of  the  flattened  and  oval  red 
particles  into  the  globular  and  colourless  lymph-globules,  which,  if 
confirmed,  would  be  a  highly  important  fact,  has  never  been  observed 
by  the  translator.  He  has  arrested  the  circulation  in  the  fopt  of  the 
frog  during  more  than  two  hours  by  ligature,  but  when  the  blood 
resumed  its  motion  the  proportion  of  colourless  globules  in  it  did  not 
appear  to  be  greater  than  before.  In  frogs  which  have  been  kept 
for  a  considerable  period  without  food,  the  number  of  lymph-globules 
in  comparison  with  the  red  particles  in  their  blood,  seems  to  increase; 
but  this  may  have  a  different  cause. 

yitai  turgescence  of  the  blood-vessels, — Although  it  be  denied 
that  the  circulation  is  in  any  way  aided  by  an  attraction  between  the 
blood  and  the  capillaries,  yet  the  existence  of  such  an  attraction  or 
affinity  may  be  admitted  in  the  instance  of  the  <<  turgescence,  turgor 
vitalisj  or  orgasm/'  observed  to  take  place  in  certain  parts  of  the 

*  Ann.  des.  Sc.  Nat.  Fevr.  1836.  t.  t.  p.  111. 

t  MuUer's  Archiv.  1838,  p.  457.  In  an  earlier  eommnnicalion  (tdt(/.  1837,  p. 
967,)  M.  Weber  referred  the  phenomena  above  described  to  the  circulation  of  lymph 
in  a  network  of  lymphatics  external  to  the  capillary  blood-Fessels.  This  error  of 
M.  Weber  was  noticed  in  the  former  edition  of  this  work,  having  been  pointed  out 
to  the  translator  by  Dr.  Sharpey,  who  had  been  long  acquainted  with  the  true  na- 
ture of  the  phenomena  in  question.  M.  Ascherson  afterwards  (Muller*s  Archiv  • 
1837,  p.  542,)  showed  the  incorrectness  of  M.  Weber's  opinion. 
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body,  which  are  the  seat  of  increased  vital  action,  independently  of 
the  action  of  the  heart.*  This  condition  of  turgescence  is  very  evi- 
dent in  plants:  thus,  to  the  fruit-bud,  which  contains  the  impregnated 
ovum,  there  is,as  Burdach  remarks,  an  afflux  of  sap; — ubi  stimulus, 
M  afiuxus. 

The  mutual  vital  action  or  affinity  between  the  blood  and  the 
tissues  of  the  body,  which  is  an  essential  part  of  the  process  of  nutri- 
tion, is,  under  many  circumstances,  greatly  increased,  and  gives  rise 
to  an  accumulation  of  blood  in  the  dilated  vessels  of  the  organ.  It 
is  seen,  for  example,  in  the  genitals  during  the  state  of  sexual  desire, 
in  the  uterus  during  pregnancy,  in  the  stomach  during  digestion,  and 
in  the  processes  of  the  cranial  bones,  on  which  the  stag's  antlers 
afterwards  rest,  at  the  time  of  the  reproduction  of  these  parts.  The 
local  accumulation  of  blood,  with  the  dilatation  of  old  and  the  forma- 
tion of  new  vessels,  is,  however,  seen  most  frequently  in  the  embryo, 
in  which  new  organs  are  developed  in  succession  by  a  process  of 
this  kind;  while,  on  the  other  hand,  other  organs,  such  as  the 
branchiae  of  the  salamander  and  frog,  and  the  tail  of  the  latter 
animal,  become  atrophied  and  perish  as  soon  as  the  vital  affinity 
which  existed  between  the  blood  and  their  tissues  ceases  to  be 
exerted. 

The  phenomena  of  turgescence  have  been  supposed  to  depend  on 
an  increased  action  or  contraction  in  the  arteries.  But  arteries  pre- 
sent no  periodic  contractions  of  a  muscular  nature;  and  a  persistent 
contraction  of  the  arteries,  unless  it  were  progressive,  or  vermicular, 
or  aided  by- valves  arranged  in  a  determinate  direction,  would  be 
quite  inadequate  to  produce  a  state  of  turgescence  in  any  part. 

This  condition  of  vascular  turgescence  may  be  excited  very  sud- 
denly, as  is  seen  in  the  instantaneous  injection  of  the  cheeks  with 
blood  in  the  act  of  blushing,  and  of  the  whole  head  under  the  in- 
fluence of  violent  passions;  in  both  of  which  instances  the  local  phe- 
nomena are  evidently  induced  by  nervous  influence.  The  active 
congestion  of  certain  organs, — of  the  brain,  for  example, — while  they 
are  in  a  state  of  excitement,  is  a  similar  phenomenon.!  Schwann^ 
has  proposed  another  explanation  of  these  phenomena,  by  which 
the  hypothesis  of  an  attraction  between  the  blood  and  the  tissues  is 
avoided.  He  supposes  the  constant  vital  contractility  of  particular 
arteries  to  be  remitted  so  as  to  admit  of  their  being  more  dilated  by 
the  pressure  of  the  blood,  and,  consequently,  to  allow  a  greater  accu- 
mulation of  this  fluid  in  the  organs  in  which  they  are  distributed. 

If  the  organ  which  is  susceptible  of  the  increased  affinity  between 
the  blood  and  the  tissue  is,  at  the  same  time,  capable  of  considerable 
distension,  tumefaction  and  erection  take  place. 

Jiction  of  different  substances  on  the  capillaries. — Direct  experi- 
ments to  determine  the  action  of  diflerent  substances  on  the  capillary 

*  Sm  Hebaoabrsit,  De  Tar^re  Titali.  Lips.  1796.  The  view  which  this  author 
takes  of  the  sobjaot  is,  however,  Tery  erroneous. 

t  Sea  the  remarks  of  BoDordeu,  in  Mockers  Archir.  1837,  p.  537;  and  of  Wede- 
mevar,  1.  e.  419. 

f  Encyal.  Wortab  dar  mad.  Wissanch.  xir.  p.  833. 
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vessels,  by  watching  the  changes  produced  by  the  application  of 
these  substances  to  the  vessels  of  transparent  parts,  pronused  at  first 
to  increase  considerably  our  knowledge  of  the  action  of  the  capilla- 
ries. But  on  this  subject  there  still  prevails  the  greatest  con- 
fusion. The  most  interesting  observations  are  those  of  Thomson, 
Wilson  Philip,  Hastings,  Kaltenbrunner,  Wedemeyer,  and  Koch. 
Two  orders  of  changes  are  observed  on  the  application  of  chemical 
agents  to  the  small  arteries,  capillaries,  and  veins.  In  many  in- 
stances,— for  example,  whenever  common  salt  was  applied, — dilata- 
tion of  the  capillaries  ensued  after  a  few  minutes.  In  Wedemeyer's 
experiments,  however,  on  the  application  of  salt  to  the  small  arteries 
of  the  mesentery  of  the  frog,  contraction  to  the  extent  of  }th  of  their 
diameter  was  the  first  effect,  and  this  was  followed  by  great  dilata- 
tion. The  application  of  ammonia  was  observed  by  Thomson  to  be 
followed  by  contraction  of  the  vessels,  with  diminished  rapidity  of 
the  circulation;  while  Wedemeyer  and  Hastings  found  it  produce 
dilatation  of  the  vessels  with  stagnation  of  the  blood.  Oesterreicher 
also  observed  dilatation  follow  the  application  of  a  weak  solution  of 
ammonia,  while  he  found  that  substance  of  concentrated  strength 
produce  contraction  of  the  vessels,  and  at  last  arrest  of  the  circulation. 
Alcohol,  according  to  Hastings,  produced  contraction  of  the  capillaries: 
hot  water  had  the  same  efiect  on  frogs;  the  application  of  ice  was  also 
followed  by  contraction.  Hastings  remarked  that  these  substances 
frequently  caused  contraction  first,  and  afterwards  dilatation.  From 
the  application  of  tincture  of  opium,  tartaric  acid,  very  dilute  muriatic 
acid  and  alcohol,  Wedemeyer  obtained  no  constant  result.  In  two 
instances  only  did  alcohol  cause  retardation  of  the  circulation,  with- 
out, however,  having  excited  distinct  contraction  in  the  small  arteries. 
When  dilatation  of  the  vessels  is  produced,  the  circulation  is  generally 
at  the  same  time  retarded.  Thomson  is  the  only  physiologist  who 
has  observed  acceleration  of  the  circulation  accompanying  dilatation 
of  the  vessels;  and  this  was  after  the  application  of  common  salt 
In  cases  in  which  the  substance  applied  has  produced  contraction 
of  the  vessels,  the  effect  on  the  circulation  also  varies,  it  being  some- 
times retarded,  sometimes  accelerated. 

The  blood  must,  caeferis  paribus,  fiow  more  rapidly  in  a  contracted 
vessel;  but  if  its  fluidity  have  been  diminished,  or  coagulation  in- 
duced, by  the  substance  applied,  its  motion  will  be  retarded.  In 
a  dilated  vessel,  the  circulation  must,  caeteris  paribus,  be  slower: 
increased  rapidity  of  the  circulation  in  such  a  state  of  the  vessels  can 
be  accounted  for  only  on  the  supposition  that  dilatation  from  an  ex- 
ternal cause  may  diminish  the  friction  in  the  vessel. 

The  explanation  of  the  phenomena  detailed  above  is  at  present 
quite  impossible.  The  contraction  in  all  these  cases  may  be  a  vital 
action  of  the  animal  tissue,  or  it  may  be  merely  a  chemical  efiect, 
which  would  be  produced  equally  well  on  dead  matter, — the  sub- 
stance applied  may  be  supposed,  for  example,  to  extract  from  the 
tissue  a  part  of  its  water.  The  dilatation  of  the  vessels  produced  by 
certain  substances,  may  be  a  state  of  turgescence  arising  from  an 
increased  organic  affinity,  excited  between  the  blood  and  the  tissue: 


INFLAMMATION.  235 

it  is,  however,  just  as  possible  that  it  is  merely  (he  result  of  endos- 
mosis.  A  salt  when  applied  to  a  part,  permeates  the  tissue  till  it 
reaches  the  capillary  vessels;  an  attraction  is  then  exerted  between 
the  salt  and  the  blood,  which  has  a  tendency  to  dissolve  the  salt,  as 
the  salt  has  a  tendency  to  dissolve  itself  in  the  blood;  the  blood  will 
in  consequence  of  this  affinity  be  arrested  and  accumulated  in  the 
capillaries;  the  capillaries  will  be  dilated,  and  the  circulation  in  them 
retarded.  It  is  very  probable  that  dilatation  of  the  capillaries,  when 
produced  by  the  application  of  a  salt,  is  dependent  on  endosmosis 
alone. 

State  qf  the  capillaries  in  inflammation, — The  results  of  the 
experiments  detailed  above  appear,  then,  to  admit  of  such  different 
explanations,  that  they  can  be  of  scarcely  any  assistance  in  de- 
termining the  state  of  the  capillaries  in  inflammation.  I  shall,  there- 
fore, simply  detail  the  phenomena  of  this  morbid  process,  as  they 
have  been  observed  and  described  by  Thomson,*  Kaltenbrunner,t 
and  Koch4 

The  minute  vessels  of  an  inflamed  organ  contain  at  every  stage  of 
the  process  an  increased  quantity  of  blood:  at  the  commencement  of 
the  inflammation,  the  blood  flows  into  the  capillaries  in  larger  quan- 
tity than  natural,  circulates  through  them  rapidly,  and  escapes  from 
them  into  the  veins  without  great  difficulty;  but  in  a  more  advanced 
stage  of  the  disease,  the  circulation  becomes  impeded,  and  stagnates 
in  the  distended  capillaries;  at  first  single  vessels  only,  but  at  last  all 
the  capillaries  of  the  part,  are  seen  filled  with  blood,  which  is  motion- 
less, and  if  not  coagulated,  has  at  any  rate  undergone  some  change. 
Koch  says  that  the  colouring  matter  of  the  globules  is  dissolved  by 
the  serum  in  the  inflamed  part:  this,  however,  is  not  probable,  for  in 
that  case  the  fibrinous  exudation  would  be  coloured  red.  According 
to  Koch,  no  new  vessels  are  formed  in  inflamed  parts;  it  must,  how- 
ever, be  remembered  that  they  are  certainly  developed  in  the  fibrin 
effused  during  the  inflammatory  process.  When  the  inflammatory 
congestion  has  attained  its  highest  degree  in  membranes  which  have 
a  free  surface,  they  pour  out  the  dissolved  fibrin  of  the  blood.  The 
fibrinous  fluid  or  lymph  coagulates  on  the  surface  of  the  membrane, 
fbrniing  pseudo-membranes.  If  the  inflammation  is  situated  in  a 
part  where  there  is  no  free  surface  on  which  this  exudation  can  take 
place,  the  coagulable  matter  accumulates  in  the  capillary  vessels 
themselves.  When  the  consequent  arrest  of  the  circulation  takes 
place  only  in  isolated  tracks  of  the  capillary  system,  while  the  cir- 
culation of  the  organ  is  carried  on,  though  incompletely,  by  the  other 
capillaries;  the  part  is  merely  rendered  denser  in  texture, — a  state 
which  is  called  hepatisation,  when  it  occurs  in  the  lungs;  in  other 
organs,  induration.  If  the  violence  of  the  inflammation  is  so  great 
that  the  circulation  in  the  organ  is  completely  arrested,  the  blood  in 

'  Lectares  on  Inflammation,  translated  into  German  by  Krokenberg.  Halle, 
1830. 

{Eip.  eiica  statnm  sanguinis  et  vasoram  in  infiammatione.    Monach.  1826. 
Koch  has  giTen  a  reriew  of  the  subject,  with  original  experiments,  in  Meckel's 
Arehiv.  Bd.  vi. 
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all  the  capillaries  is  not  merely  coagulated,  but  decomposed;  while 
the  tissue  itself  undergoes  decomposition:  such  a  part  is  said  to  be 
gangrenous,  or  mortified^^its  vitality  is  lost  Thomson  has  observed, 
that  the  vessels  in  gangrenous  parts  are  sometimes  filled  with  coagu- 
lated fibrin,  and  sometimes  obliterated  by  the  inflammatory  process. 
Mortification  ensues  more  readily  when  the  nervous  energy  is  di- 
minished, and  in  paralysed  parts. 

If,  after  the  congestion  and  effusion  of  lymph  have  taken  place,  the 
inflammation  is  still  kept  up,  either  by  the  persistence  of  the  same 
causes,  or  by  the  accession  of  new,  the  tissue  of  the  organ  undergoes 
a  peculiar  change.  The  decomposed  molecules  of  the  tissue  are 
separated  in  the  form  of  pus, — a  matter  consisting  of  globules  larger 
than  those  of  the  blood.  No  one,  not  even  Kaltenbrunner,  has  ob- 
served satisfactorily  by  the  aid  of  the  microscope  the  formation  of 
pus.  Cold-blooded  animals  are  not  adapted  for  such  an  observation; 
it  ought  to  be  instituted  on  Mammalia,— on  the  wings  of  the  bat,  for 
example.* 

Nature  of  the  inflammatory  process. — In  inflammation  the  phe- 
nomena are  so  far  similar  to  those  of  vital  turgescence,  or  orgasm, 
that  the  blood  is  attracted  in  increased  quantity  to  the  part,  and 
escapes  from  it  with  difficulty.  But  the  effects  of  inflammation  show 
that  it  would  be  a  great  error  to  regard  it  as  identical  with  increased 
vital  action.  In  inflammation  the  function  of  the  part  is  disturbed 
in  consequence  of  the  change  of  composition  produced  in  it  by  the 
exciting  cause  of  the  inflammation;  while  nature  makes  an  effort  to 
repair  this  material  change.  In  the  reproduction  of  the  antlers  of 
the  stag,  in  the  phenomenon  of  erection,  and  in  the  turgid  state  of 
the  uterus  after  conception,  the  turgescence  is  readily  combined  with 
increased  vital  power,  and  the  excitement  and  the  vital  energy  in 
these  cases  advance  to  a  certain  extent  pari, passu;  but  in  inflam- 
mation the  material  change  is  the  only  part  of  the  process  which 
goes  on  increasing.  The  appearance  of  turgescence  which  arises 
from  the  blood  being  attracted  and  retained  by  the  inflamed  tissues, — 
perhaps  for  the  purpose  of  restoring  them  to  their  natural  condition, 
— *is  gradually  exchanged  for  that  of  gangrene.  The  latter  state  en- 
sues as  soon  as  the  change  produced  in  the  tissues  is  so  great  that 
they  lose  the  power,  which  in  the  healthy  state  they  possess,  of  pre- 
serving the  vital  properties  of  the  blood,  and  this  fluid  becomes  de- 
composed in  the  vessels.  Inflammation  is  produced  by  irritation  of 
the  capillaries,  but  itself  consists  neither  in  an  increased  nor  in  a 
diminished  vitality.  It  is  a  peculiar  state  which  may  occur  with  the 
general  vital  powers  in  their  normal  state,  or  with  these  powers  de- 
pressed; and  which,  in  proportion  to  the  degree  of  its  development, 
if  in  an  important  organ,  always  exhausts  the  vital  powers,  even 
though  they  were  not  previously  enfeebled.  It  is  in  fact  a  reciprocal 
action,  morbid  in  its  nature,  which  is  set  up  between  the  tissues  and 
the  blood,  in  consequence  of  the  changes  produced  in  the  part  by  the 

*  The  natDTO  of  pus  tod  its  mode  of  formation  bsTe  been  described  mors  folly 
in  Book  1.  Chap.  II.  b.  on  Regeneration  with  Sappnration. 


IKFLUENCX  OJt  THE  NXBVES  ON  THE  CAPILLARY  CIRCULATION.      237 

irritating  cause,  and  which  is  compounded  of  the  original  lesion  of 
the  part,  of  a  local  tendency  to  decomposition,  and  of  a  vital  action 
striving  to  counterbalance  that  tendency.  The  vital  action  of  the 
part  sometimes  overcomes  the  morbid  tendency,  as  is  exemplified  by 
a  wound  when  healing;  sometimes  it  does  not. 

When  inflammation  is  excited  in  the  skin  by  a  blistering  plaster, 
it  pours  out  at  first,  in  place  of  its  ordinary  secretions,  a  fluid  which 
coatains  merely  albumen  in  solution.  A  higher  degree  of  inflam- 
mation may  give  rise,  in  any  membrane,  to  the  exudation  of  fibrin; 
and  in  a  further  stage  of  the  inflammatory  process  pus  only  is 
formed. 

Influence  of  the  nerves  on  the  circulation  in  the  capillaries.-^ 
Several  physiologists  have  recently  sought  to  prove,  that  the  nerves 
have  a  great  share  in  keeping  up  the  circulation  in  the  capillary  ves- 
sels. Treviranus  and  BaumgSrtner  have  done  most  to  support  this 
theory.  But  although  it  is  certain  that  turgescence  of  the  tissues — 
their  attraction  of  the  nutritive  fluid — is  dependent  on  the  influence 
of  the  nerves,  it  does  not  necessarily  follow  that  this  influence  should 
at  all  aid  the  circulation.  The  numerous  experiments  of  BaumgSrt- 
ner  are  far  from  being  convincing.  He  himself  confesses  that  many 
of  them  are  not  strictly  conclusive;  and,  if  proofs  are  imperfect,  their 
number  does  not  better  establish  the  fact.  BaumgSlrtner  directed  a 
strong  galvanic  current  through  the  ischiadic  nerve  to  the  foot  of  a 
frog;  the  irritability  of  the  nerve  was  destroyed,  and  in  most  cases 
the  circulation  in  the  limb  was  arrested.  But  here,  by  destroying 
the  nervous  energy  of  the  part,  the  influence  by  which  the  coagula- 
tion of  the  fibrin  is  prevented  was  abolished;  and,  besides  this,  it 
must  be  remembered  that  galvanism  will  produce  coagulation  of  the 
albumen  in  the  blood.  After  destruction  of  the  spinal  cord  and  brain, 
BaumgHrtner  saw  the  motion  of  the  blood  in  capillaries  become 
slower,  although  the  heart  continued  to  beat.  But  here,  again,  the 
motion  of  the  heart  itself  was  weakened;  and  experiments  which 
rest  upon  an  indefinite  "more"  or  "less,"  are  not  proofs. 

Treviranus  asserted  that  division  of  the  ischiadic  nerve  in  the  frog 
caused  the  circulation  in  the  web  of  the  foot  to  cease.  But  even 
BanmgSrtner  denies  that  this  is  the  case  if  the  web  is  kept  properly 
moist. 

The  numerous  experiments  of  Dr.  Wilson  Philip*  also  fail  com- 
pletely to  establish  the  influence  of  the  nerves  on  the  circulation  in 
the  capillaries.  The  retardation  or  cessation  of  the  circulation  in  the 
capillaries  which  he  observed  when  opium  or  infusion  of  tobacco 
was  applied  to  the  brain  and  spinal  cord,  or  when  these  parts  were 
suddenly  destroyed,  was  dependent  on  the  eflect  which  was  produced 
simultaneously  on  the  heart.  Kocht  also  made  an  ingenious  and 
simple  experiment  with  a  view  to  determine  the  same  point.  He 
amputated  the  leg  of  a  small  frog,  and  found  that  the  motion  of  the 
blood  in  the  capillaries  of  the  web  of  the  foot  continued  only  for 

*  Ezpmoienta]  Inquiry  into  the  Laws  of  the  Vital  Fanctions. 
t  Meckel's  Arayv.  1897,  p.  443. 
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three  minutes^  He  then,  in  another  frog,  divided  all  the  parts  of  the 
thigh  but  the  ischiadic  nerve,  by  which  he  left  the  limb  attached  to 
the  body;  and  he  now  perceived  motions  in  the  capillaries  for  the 
space  of  a  quarter  or  half  an  hour.  I  have  repeated  this  experiment, 
but  not  with  the  same  result.  The  motion  of  the  blood  in  the  capil- 
laries continued  about  ten  minutes  when  the  limb  was  completely 
separated  from  the  body  in  strong  frogs;  and  there  was  no  differeuce 
in  respect  to  time  when  it  was  left  attached  by  the  ischiadic  nerve. 
In  this  experiment  an  error  may  be  induced  by  the  frog  retaining  the 

!>ower  of  producing  voluntary  contractions  of  the  muscles  of  the 
imb,  as  long  as  the  ischiadic  nerve  maintains  its  connection  with  the 
nervous  centres.  After  each  contraction  of  the  limb,  a  slight  motion 
of  the  blood  in  the  capillaries  is  perceived;  but  the  cause  of  this  is 
evidently  mechanical. 

In  the  following  experiment  I  avoided  this  cause  of  error: — I  laid 
open  the  spinal  canal  in  a  frog;  and  while  my  assistant,  M.  Hoevel, 
applied  the  wires  of  a  simple  galvanic  circle  to  the  posterior  roots  of 
the  spinal  nerves, — the  irritation  of  which  excites  no  contractions  of 
the  muscles, — I  watched  the  circulation  in  the  foot  of  the  frog.  At 
the  moment  when  the  galvanic  stimulus  was  applied,  no  change 
was  produced  in  the  motion  of  the  blood.  This  experiment,  how- 
ever,  is  not  conclusive;  for  it  might  be  the  anterior  roots  of  the  nerves 
from  which  an  influence  on  the  circulation  is  derived. 

From  the  facts  which  we  have  detailed,  it  appears  most  probable 
that  the  nerves  do  not  really  assist  in  carrying  on  the  circulation  in 
the  capillaries,  although  it  is  certain  that  nervous  influence  is  the 
principal  cause  of  the  accumulation  of  the  blood  in  the  capillaries  of 
certain  parts  during  the  state  of  vital  turgescence.  The  observation 
that  in  a  frog  much  exhausted  the  impulses  communicated  to  the 
blood  by  the  feeble  contractions  of  the  heart  are  perceptible  in  the 
capillaries,  proves  that  no  other  force  than  that  of  the  heart  is  re- 
quired to  support  the  circulation. 


OF  THE  VEINS. 

Auxiliaries  of  the  venous  circulation. — The  propulsive  force  of 
the  heart  transmitted  through  the  arteries  and  capillaries  is  aided  in 
accomplishing  the  circulation  through  the  venous  system  by  the 
action  of  the  valves,  with  which  the  veins  are  provided,  and  which 
are  so  arranged  that  any  intermitting  pressure  on  these  vessels 
favours  the  motion  of  the  blood  towards  the  heart.  Hence  the  want 
of  proper  bodily  exercise  must  have  an  injurious  eflect  on  the  circu- 
lation, if  it  were  merely  from  the  loss  of  the  aid  which  the  action  of 
the  muscles  affords  to  the  motion  of  the  blood  in  the  veins.  The 
veins  themselves,  with  the  exception  of  the  root  of  the  vena  cava  and 
of  the  pulmonary  veins,  have  no  contractile  power. 

Dr.  Marshall  Hall  has  discovered  in  the  eel  a  kind  of  auxiliary 
venous  heart,  situated  at  each  side  of  the  last  caudal  vertebra, 
which  pumps  the  blood  out  of  the  small  veins  of  the  extremity  of  the 
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candal  fin  into  the  vena  caudalis.    But  I  have  not  found  a  similar 
organ  in  other  fishes. 

Active  dilaiation  of  the  heart, — Many  recent  writers,  believing 
that  the  contractile  power  of  the  heart  is  insufficient  for  the  comple- 
tion of  the  circulation  of  the  blood,  ascribe  some  share  in  this  func- 
tion to  a  power  of  suction  which  they  suppose  to  be  possessed  by 
the  heart.  They  imagine  that,  after  the  heart  has  contracted,  its 
cavities  return  to  a  state  intermediate  between  dilatation  and  con- 
traction, so  as  to  give  rise  to  a  relative  vacuum.*  The  degree  to 
which  the  heart  thus  dilates  after  its  contraction,  independent  of  being 
dilated  by  a  fluid,  can  be  but  slight.  But  let  us  inquire  how  much 
efiiect  is  to  be  attributed  to  such  a  dilatation  of  the  heart.  During 
the  contraction  of  the  auricle,  the  great  veins  become  more  distended 
with  blood,  either  on  account  of  the  reflux  of  a  part  of  the  blood  of 
the  auricle  into  them,  or  from  that  which  they  were  pouring  into  the 
auricle  being  arrested  in  its  progress.  During  the  dilatation  of  the 
auricles  the  distension  of  the  veins  diminishes.  This  was  observed 
by  Magendie  and  Wedemeyer,  and  I  have  myself  witnessed  it  in  the 
dog.  A  knowledge  of  this  fact  is  necessary  in  forming  an  opinion 
on  the  following  experiments: — Wedemeyer  and  Ouenther,  having 
tied  the  jugular  vein  in  a  horse,  made  an  opening  into  it  between  the 
ligature  and  the  heart,  and  introduced  a  catheter,  to  which  a  bent  glass 
tube  had  been  cemented.  The  longer  descending  branch  of  the  tube 
(two  feet  in  length)  was  placed  in  a  glass  filled  with  water.  At  first 
the  inspirations  and  the  contractions  of  the  heart  were  nearly  simul- 
taneous and  of  the  same  frequency,— namely,  thirty  in  a  minute, — 
and  the  coloured  water  rose  suddenly  two  or  more  inches  in  the  tube 
at  the  moment  of  each  inspiration  and  pulsation  of  the  heart,  and 
sank  again  each  time  to  its  former  level.  The  inspirations  gradually 
become  twice  as  frequent  as  the  pulsations  of  the  heart;  and  Wede- 
meyer and  Guenther  now  observed  for  a  long  period,  that  the  rise 
of  the  fluid  did  not  take  place  at  each  respiration,  but  at  every  beat 
of  the  heart,  and  consequently  simultaneously  with  each  dilatation 
of  the  auricle.  This  experiment  seems  to  prove  beyond  doubt  that 
the  heart  exerts  a  power  of  suction.  This  power  is  not,  however, 
the  principal  cause  of  the  blood's  motion  in  the  veins.  The  fact, 
that  laige  veins  when  divided  continue  to  pour  out  blood  from  that 
portion  of  the  vein  which  is  distant  from  the  heart,  and  connected 
with  the  capillaries  and  arteries,  proves  that  the  propelling  power  of 
the  heart's  contraction  extends  to  the  veins;  but  Magendie  has  shown 
that  the  stream  of  venous  blood  from  the  lower  end  of  a  divided 
vein  becomes  stronger  during  each  expiration,  consequently  that  the 
efiect  of  the  compression  of  the  arterial  trunks  which  takes  place 
during  expiration  also  extends  to  the  veins;  and  it  is  evident  that  the 
force  thus  exerted  is  far  inferior  to  that  of  the  heart's  contractions. 

The  circulation  in  fishes  likewise  shows  that  the  passage  of  the 
blood  through  a  system  of  capillaries  does  not  destroy  the  vis  it  tergo 

*  See  Zagenboehler,  Diss,  de  mota  sanpr.  per  venae;  Arch,  der  Med.  und  Chir. 
Sehwris.  Aente.  1816;  Schabarth,  in  Gilbert's  Annalen,  1817:  and,  on  the  other 
haadf  Ctns,  in  Meekal's  Aiehiv.  iv.  419. 
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hy  which  it  is  propelled;  for  in  these  animals  the  heart  sends  the 
blood  through  two  systems  of  capillaries;  first  through  that  of  the 
branchiae,  whence  it  passes  into  the  systemic  arteries^  which,  as 
Nysten  has  shown,  have  themselves  no  contractile  power;  and  after- 
wards through  the  general  capillary  system  of  the  body.  In  all 
vertebrate  animals,  indeed,  the  vis  h  tergo  derived  from  the  heart 
is  sufficient  to  propel  the  blood  through  the  capillaries  of  the  liver, 
after  it  has  already  circulated  through  those  of  the  other  abdominal 
viscera. 

Injluence  of  respiration.SiT  David  Barry  has  recently  given  a 
new  turn  to  these  inquiries  respecting  the  circulation  in  the  veins. 
The  heart,  he  says,  when  distended  with  blood,  completely  fills  the 
pericardium;  but,  when  it  contracts,  it  no  longer  occupies  the  same 
space,  and  a  partial  vacuum  ensues.  To  enable  the  auricles  to  fill 
this  vacuum,  the  blood  rushes  into  them  from  the  great  venous  trunks. 
But  Sir  D.  Barry  attributes  more  importance  to  the  effect  of  inspira- 
tion. During  inspiration,  he  says,  a  partial  vacuum  is  formed  in  the 
thoracic  cavity,  and  all  surrounding  fluid  must  strive  to  enter  to  fill 
this  vacuum;  the  atmospheric  air  rushes  in  through  the  trachea,  dis- 
tending the  lungs  in  proportion  to  the  dilatation  of  the  thorax,  and 
in  the  same  way  the  fluids  in  the  vessels  of  the  body  being  subject 
to  the  pressure  of  the  atmospheric  air,  will  be  forced  into  the  cavity 
of  the  thorax  and  distend  the  trunks  of  the  great  vessels  contained 
in  it.  In  consequence,  however,  of  a  vacuum  being  formed  in  the 
pericardium  at  each  contraction  of  the  heart,  the  blood  of  the  great 
venous  trunks  is  drawn  into  the  auricles  to  fil)  this  vacuum;  so  that 
the  afflux  of  blood  to  the  cavity  of  the  thorax  during  inspiration 
takes  place  principally  towards  the  auricles.  To  prove  the  correct- 
ness of  his  theory,  he  performed  the  following  experiment: — He  in- 
troduced one  end  of  a  bent  glass  tube  into  the  jugular  vein  of  an 
animal,  the  vein  being  tied  above  the  point  where  the  tube  was 
inserted;  the  inferior  end  of  the  tube  was  immersed  in  some  coloured 
fluid.  He  now  observed  that  at  the  time  of  each  inspiration  the  fluid 
ascended  in  the  tube,  while  during  expiration  it  either  remained 
stationary,  or  even  sank.  When  the  tube  was  introduced  into  the 
pericardium  itself,  he  observed  the  same  ascent  of  the  fluid. 

Poiseuille  has  instituted  some  experiments  to  determine  the  same 
question,  but  in  a  more  accurate  manner.  He  employed  the  instru- 
ment described  at  page  215.  A  solution  of  carbonate  of  soda  was 
poured  into  the  tube,  filling  both  the  perpendicular  branches  till  it 
rose  to  a  level  with  the  horizontal  portion;  this  point  was  the  0  of 
the  scale.  When  the  horizontal  portion  of  the  instrument  thus  pre- 
pared is  connected  with  the  cavity  of  a  vein,  if  any  suction  is  exerted 
in  the  vein,  a  part  of  the  fluid  will  be  drawn  out  of  the  instrument, 
and  its  level  in  the  great  perpendicular  branch  will  fall;  if,  on  the 
other  hand,  any  pressure  is  exerted  by  the  blood  in  the  vein  on  the 
fluid  in  the  horizontal  portion,  the  level  of  the  fluid  in  the  branch 
will  rise.  The  instrument  was  connected  with  the  jugular  vein  of 
a  dog;  and  it  was  observed  that  during  expiration  the  fluid  rose  in 
the  branch,  and  fell  during  inspiration;  the  rise  at  first  equalled  3 
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inches  4  Haes,  the  fall  was  3  inches  6  lines  below  the  previous  level; 
afterwards  the  fluid  ascended  only  2  inches  4  lines,  and  fell  2  inches 
9  lines  below  the  level.  During  great  muscular  efforts,  the  ascent  of 
the  fluid  at  the  time  of  expiration  was  as  much  as  5  inches  6  lines^ 
or  6  inches  one  line  above  the  level;  and  the  descent  during  inspira< 
tion  9  inches  5  lines,  or  9  inches  11  lines  below  it.  These  experi- 
ments, which  on  repetition  afibrded  the  same  results,  confirmed 
Barry's  opinion  that  during  inspiration  the  venous  blood  of  the 
body  is  drawn  into  the  venous  trunks  contained  within  the  thorax. 
While,  on  the  other  hand,  the  eflect  of  expiration  in  repelling  the 
blood  mast  be  prevented  by  the  action  of  the  valves,  and  by  the 
pressure  exerted  on  the  blood  in  the  veins  by  the  muscles. 

Sir  D.  Barry,  however,  estimated  too  highly  the  influence  of  inspi- 
ration on  the  motion  of  the  blood.  It  is  observable  only  in  the  large 
veins  near  the  thorax.  Poiseuille  could  not  detect  it  by  means  of  his 
io^ramenc  in  veins  more  disrapt  from  the  heart,— for  example,  in  the 
▼eins  of  the  extremities.  The  act  of  inspiration  empties  the  largs 
▼eins  ia  the  thorax,  and  less  resistance  is  in  consequence  oflered  to 
the  entrance  of  the  blood  from  the  other  veins;  but  it  cannot  be  the 
principal  cause  of  the  motion  of  the  blood  in  the  veins;  and  in  the 
reptiles  which  breathe  by  the  movements  of  deglutition,  in  fishes, 
and  in  the  foetus,  no  movement  of  inspiration  is  performed.  There 
ean  be  no  doubt,  therefore,  that  the  same  power  which  moves  the 
blood  in  the  arteries,  also  effects  its  motion  in  the  capillaries  and  its 
T6tam  to  the  heart  through  the  veins;  and  that  by  the  influence  of 
inspiration  on  the  great  venous  trunks,  by  the  sucking  action  of  the 
heart,  and  by  the  action  of  the  valves*  a  part  only  of  the  resistance 
which  opposes  the  course  of  the  venous  blood  is  overcome. 

The  changes  produced  in  the  motion  of  the  blood  by  the  contrac- 
tion of  the  thorax  during  expiration,  give  rise  to  the  tumefaction  of 
certain  parts.  The  vascular  trunks  are  in  expiration  so  compressed, 
that  the  blood  is  sent  with  increased  force  into  the  arteries,  while  the 
influx  of  blood  into  the  right  auricle  is  arrested.  The  consequence 
of  this  is  not  merely  that  the  jugular  veins  become  distended,  bat 
that  even  the  brain  is  more  fully  injected  with  blood.  Hence  in 
cases  where  a  portion  of  the  skull  has  been  removed  by  the  trephine, 
the  brain  is  in  most  cases  seen  to  be  elevated  somewhat  during  ex- 
piration, and  to  collapse  again  during  inspiration.  Magendie  declares 
that  he  has  also  observed  this  to  take  place  in  the  spinal  cord.  In  the 
natural  state,  the  cranial  cavity  being  inclosed  by  solid  walls,  no  such 
movements  of  the  brain  can  be  caused  by  respiration;  the  brain  can- 
not then  alter  its  volume.  All  that  has  been  advanced  in  favour  of 
such  a  change  of  volume  taking  place  in  the  natural  state,  is  refuted 
by  the  physical  impossibility  of  its  occurrence. 

T%e  tffecU  of  impediment  io  the  circulation  in  the  larger  veins 
are  effusion  of  the  watery  and  albuminous  parts  of  the  blood  into  the 
serous  cavities  and  the  cellular  tissue.  The  fibrin  is  usually  not 
effused;  but  in  a  case  of  ascites  observed  by  Dr.  A.  Magnus,  the 
fluid  drawn  off  by  paracentesis  coagulated  completely  within  a  few 
minutes  after  its  removal  from  the  b^dy. 
21 


%42  YABOVhAM  FI.SXnUf. 

Jirterial  and  venous  plexuseSy  or  reiia  mirabilia. 

Theso  vascular  plexuses  are,  without  doubt,  to  be  reckoned  among 
the  facts  in  comparative  anatomy  which  are  of  great  physiological 
interest.  They  are  structures  formed  by  the  sudden  division  of  an 
artery  or  vein  into  the  tufl  of  smaller  twigs,  or  into  numerous  anas- 
tomosing branches,  which  may  or  may  not  unite  again  into  a  single 
trunk.  The  cases  in  which  this  reunion  takes  place  are  the  more 
rare.  It  is  met  with  in  the  arteries  of  the  extremities  and  tail  of  some 
tardigrade  Mammalia,  such  as  Bradypus,  Myrmecophaga,  Mania, 
and  Stenops.*  The  same  structure  occurs,  however,  in  parts  where 
it  can  have  no  relation  to  muscular  motion;  thus  the  reie  mirabile 
caroiicum  in  the  Ruminantia  and  hog  is  formed  by  branches  of  the 
common  carotid  which  again  unite  to  form  the  cerebral  carotid. 
Rappt  shows,  that  in  animals  provided  with  a  rete  mircUnlt  earo- 
Hcumy  the  vertebral  artery  does  not  go  to  the  brain,  but  is  connected 
with  the  external  carotid,  as  in  the  goat  and  calf,  or  where  it  has 
connections  with  the  rete  mirabile  of  the  carotid,  is  still  principally 
distributed  to  the  muscles  of  the  neck,  as  in  the  sheep.  Similar 
plexuses  of  arteries  exist  in  the  orbits  of  Ruminantia,  feline  animals, 
and  birds,  according  to  Rapp  and  Barkow,j:  and  give  origin  to  the 
arteries  of  the  eyeball.  The  vascular  plexuses  connected  with  the 
intercostal  arteries  and  iliac  veins  of  the  Delphinae  are  of  immense 
aize.§  In  some  birds  the  arteria  tibialis  forms  a  rete  mirabile. 
Among  reptiles  and  Amphibia  we  know  only  the  small  vascular 
plexus  seated  on  the  trunk  of  the  carotid  of  the  frog,  the  so-named 
carotid  gland.  Some  of  the  largest  structures  of  this  kind  are  those 
recently  discovered  by  Eschricht  and  myself  in  certain  fishes;  and 
they  are  the  more  remarkable  for  being  composed  both  of  arteries 
and  veins. 

.  These  vascular  structures  have  either  a  mechanical  or  a  chemical 
influence  on  the  blood.  The  transmission  of  the  blood  through  nu- 
merous small  tubes  which  unite  again  to  form  single  trunks,  appears 
to  have  the  object  of  producing  a  local  retardation  of  the  circulation 
by  the  increased  friction  to  which  it  gives  rise.  This  view  is  appli- 
cable to  all  forms  of  rete  mirabile.  The  theory  that  they  are  destined 
to  secure  the  continuance  ot  the  circulation  in  the  extremities  and 
tail  of  some  climbing  animals  during  prolonged  action  of  the  muscles, 
will  apply  to  a  few  forms  only.  There  are  at  present  no  other  grounds 
for  supposing  that  these  vascular  plexuses  have  a  chemical  action 
than  their  analogy  with  the  plexuses  of  lymphatics  and  the  lymphatic 
glands,  and  the  observation  of  Dr.  J.  Davy,  that  the  thunny  has  the 
power  of  maintaining  a  temperature  much  above  that  of  the  sur- 

*  Sir  A.  Carlisle,  Philos.  Transact.  1800.  Vrolik,  De  peculiari  Art.  Eztremi- 
tatam  in  nonnallis  Animalibos  Dispositione.    Amsterd.  1836. 

t  MeckePs  Archiv.  1887. 

t  Meckel's  ArchiT.  1839. 

$  Breschet,  Hist.  Anat.  et  Physiol.  d*an  Orpne  de  Nature  rasculaire  deooa- 
Terie  dans  les  Cetaces.  Paris,  1836. — Baer,  rfov.  Act.  xvii.  These  Tasoolar 
plexases  were  known  to  Tyson  f  Anatomv  of  a  Porpoise),  and  were  more  soea- 
latelj  described  by  Mr.  Hanter  (On  the  Stmetan  and  fiSconomy  of  Whales). 
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rounding  medium.  This  supposition  has,  however, little  probability 
in  its  favour.  The  passage  of  the  blood  of  the  digestive  organs 
through  two  capillary  systems  appears  in  all  Vertebratato  be  partly 
intended  to  produce  a  local  retardation  of  the  circulation;  in  the 
fishes  in  which  the  vessels  of  the  abdominal  viscera  form  these  vas- 
cular plexuses,  the  motion  of  the  blood  must  be  still  more  retarded. 

The  erectile  structures. 

The  only  erectile  parts  are  the  penis,  and  in  some  cases,  perhaps, 
the  clitoris.  The  apparently  erectile  appendage  on  the  head  of  the 
turkey  has  been  shown  by  Schwann  to  consist  in  great  part  of  mus- 
cular fibres,  and  to  contain  no  trace  of  erectile  tissue.  As  it  regards 
the  erection  of  the  nipple  in  the  male  subject,  as  well  as  in  women, 
while  suckling,  these  seem  to  depend  on  the  action  of  contractile 
tissue  similar  to  that  which  exists  in  the  dartos  and  prepuce,  and 
apparently  also  around  the  follicles  of  the  skin. 

Erection  seems  to  belong  to  the  class  of  phenomena  to  which  the 
term,  ^turgescence,  or  turgor  vitalise''  is  applied;  but  it  is  distin- 
guished by  its  occurring  only  in  parts  which  have  a  peculiar  struc- 
ture. 

In  erectile  parts  the  vessels  are  susceptible  of  great  dilatation,  and 
the  veins  very  sinuous,  forming  numerous  anastomoses  and  plexuses; 
80  that  the  capacity  of  all  the  plexuses,  when  dilated,  exceeds  be- 
yond comparison  that  of  the  arteries  and  veins  which  convey  the 
blood  to  and  from  them.  In  the  undistended  state,  the  same  quan- 
tity of  blood  is  sent  to  the  extensile  vessels  as  returns  from  them; 
bat,  during  the  state  of  erection,  the  blood  is  probably  retained  in 
them,  in  consequence  of  the  affinity  between  it  and  the  parietes  of 
the  vessels  being  increased. 

When  the  erectile  part  is  supported  by  a  strong  fibrous  tissue, 
lying  in  the  intervals  of  the  venous  plexuses  and  connected  with  an 
external  fibrous  tunic,  as  is  the  case  in  the  corpora  cavernosa  penis, 
it  acquires,  during  the  state  of  erection,  great  tension  and  firmness. 

Injected  matters  pass  pretty  freely  from  the  arteries  of  the  penis 
into  the  veins,  particularly  in  the  corpus  spongiosum  urethrae^  and 
glans.  Professor  M.  J.  Weber  has  shown  to  me  a  series  of  beautiful 
preparations  of  the  penis  injected  from  the  arteries.*  In  the  corpus 
cavernosum  of  the  penis  of  the  horse  there  arc,  between  the  anasto- 
mosing veins,  a  number  of  pale  red  bundles  of  fibres,  which,  for  the 
most  part,  run  longitudinally,  but  are  coimected  by  transverse  bands. 
Viewed  by  the  microscope,  these  fibres  do  not  present  any  resem- 
blance to  muscular  fibres.  Boiled  in  water  for  seven  hours  they 
yield  no  gelatin,  and  their  solution  in  acetic  acid  is  precipitated  by 
ferrocyanuret  of  potassium.  All  we.  can  conclude  from  this  analysis 
is,  that  they  do  not  belong  to  the  cellular,  tendinous,  or  elastic  tissues. 

I  could  excite  no  contraction  in  the  fibres  of  the  corpus  caverno- 

*  CoTier,  AnaL  Comparee,  t.  iv.;  Moreschi,  Meckel*B  Archiv.  v.  403;  Rtbetf 
ibid.  447;  Tiederoann,  Meckel's  Archiv.  ii.  95;  Panizza,  OsseryazioDi  Aniropo* 
sootomieofisiologiche.    Pavia,  1830. 
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mm,  by  means  of  galvanism,  in  a  living  horse.    Hence  they  would 
seem  not  to  be  muscular.* 

The  principal  exciting  cause  of  the  erection  of  the  penis  is,  as  is 
well  known,  nervous  irritation,  originating  in  the  part  itself  or  derived 
from  the  brain  and  spinal  marrow.  Congestion  of  the  brain  and 
spinal  cord  has  the  same  effect,  and  it  is  from  this  cause  that  the 
above-mentioned  phenomena  are  sometimes  produced  in  persons 
hanged.  The  nervous  influence  is  communicated  to  the  penis  by  the 
pudic  nerves  which  ramify  in  its  vascular  tissue.  Guenther  has 
observed  that,  after  division  of  these  nerves  in  the  horse,  the  penis  is 
no  longer  capable  of  erection.!  The  stallion  on  which  the  experi- 
ment was  performed  was  led  to  a  mare;  he  sliowed  desire  to  cover, 
but  no  erection  of  the  penis  took  place.    On  the  following  day  the 

gmis  was  swollen,  but  not  in  a  state  of  erection.  More  recently 
uenther:^  has  repeated  this  experiment,  and  with  a  similar  result  as 
to  the  effect  on  the  penis;  but  the  horse  did  not,  as  in  the  former  in- 
stance, show  any  sexual  desire  when  led  to  a  mare  after  the  opera- 
tion. 

My  discovery  of  the  remarkable  structure  of  the  arteries  of  the 
corpora  cavernosa  penis  throws  new  light  on  the  phenomena  of 
erection.  The  arteries  of  the  corpora  cavernosa  have  two  sets  of 
branches.  When  the  arteria  corporis  cavernosi  is  injected  with 
size  and  vermilion,  the  injected  matter  always  fills  the  venous  cells; 
and  if  it  is  afterwards  washed  from  them,  the  arteries  helicinm  will 
be  seen  injected.§  They  come  off  from  the  side  of  the  arteries,  and 
consist  of  short  tendril-like  branches,  terminating  abruptly  by  a 
rounded,  apparently  closed,  extremity,  turned  back  somewhat  on 
itself  The  means  by  which  during  life  they  are  enabled  to  force 
blood  into  the  cells,  must  be  an  increased  attraction  excited  between 
their  coats  and  the  blood  by  the  nervous  influence  transmitted  to 
them  from  the  spinal  cord,  in  consequence  of  which  an  increased 
quantity  of  blood  flows  to  them.  This  discovery  throws  new  light, 
at  the  same  time,  upon  the  mutual  action  of  the  blood  and  smaller 
vessels  in  other  parts,  and  upon  the  phenomenon  of  active  tiirges- 
cence,  or  turgor  vitalis.||  The  blood  is  returned  from  the  corpora 
cavernosa  partly  by  small  veins,  running  at  the  sides  and  on  the  sur- 
face of  these  bodies  into  the  vena  dorsalis,  partly  by  deeper  veins 
which  issue  from  the  corpora  cavernosa  at  their  root,  and  enter  im- 
mediately the  venous  plexus,  situated  behind  the  symphisis  pubis. 
The  fact,  then,  that  the  vena  dorsalis  does  not  return  the  blood  from 

«  Muller'8  Arehiv.  1834,  p.  50;  1835,  p.  36. 


f  MeekePfl  Arehiv.  1838,  p.  364. 


Untereuch  and  Erfahr.  im  Gebiete  der  Anat.  Physiol,  und  Thier-arsneiknnde. 
AbstracU  are  ^iven  in  Miiller'a  Aichiv.  1838,  p.  clxiii.  and  in  Valentin's  Reperto* 
liam,  1838. 

S  Prof.  Valentin  (Muller's  Archiv.  1838.  p.  183)  denies  the  existence  of  the 
arteris  helicins:  he  supposes  erection  to  be  in  a  great  measure  due  to  the  active 
dilatation  of  the  veins  by  muscular  fibres,  attached  to  tendinous  tinsue  between  the 
anastomosing  veins;  bnt  the  characters  on  which  he  foonds  his  belief  that  the  fibres 
in  question  are  muscular,  are  not  conclusiTe. 

0  Muller's  Archiv.  1834,  p.  808,  tab.  xiii. 
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the  deep  veins,  shows  that  no  pressure  on  the  former  vein  alone  can 
cause  accumulation  of  blood  in  the  penis.* 

The  sensations  of  the  organs  of  generation  are  due  to  the  pudie 
nerves;  but  the  act  of  erection  seems  to  be  principally  dependent 
<m  the  organic  nervous  system^a  plexus  of  delicate  filaments  belong- 
ing to  which  is  given  off  by  the  hypogastric  plexus,  and  passes  under 
Che  arch  of  the  pubis  so  as  to  reach  the  root  of  the  penis;  where  the 
nervous  filaments  composing  it  unite  with  branches  of  the  pudic 
nerve,  enter  with  them  the  substance  of  the  corpora  cavernosa  penis 
and  coiyms  spongiosum  urefhrm,  and  ramify  upon  the  blood-vessels. 
The  sensitive  nerves  of  the  penis  transmit  impressions  to  the  spinal 
cord,  and  through  the  medium  of  it  probably  excite  the  action  of  the 
organic  nerves  and  vessels  necessary  for  the  production  of  erection; 
the  effusion  of  blood  into  the  corpora  cavernosa  follows,  and  the  dis- 
tention of  the  erectile  tissue  is  rendered  more  perfect  by  the  contrac- 
tion of  the  musctili  ischiocavemosi,  or  erectores  penisj  which  im*- 
pedes  the  escape  of  the  blood  by  the  veins. 

In  order  to  ascertain  the  amount  of  force  necessary  to  give  the 
proper  rigidity  to  the  corpora  cavernosa  by  the  propulsion  of  fluid 
into  them,  I  fixed  into  an  opening  made  into  one  of  those  bodies  in 
a  dead  subject,  a  glass  tube  six  feet  in  length,  and  filled  this  tube, 
held  perpendicularly,  with  water,  while  the  return  of  the  water  by 
Cha  veins  was  prevented  by  pressure  within  the  pelvis.  When  the 
column  of  water  attained  the  height  of  six  feet,  the  erection  of  the 
penis  was  perfect.  Hence  it  appeared  that  the  blood  accumulated  in 
the  penis,  auring  erection,  is  subjected  to  a  pressure  equal  to  that  of 
a  column  of  water  of  six  feet  in  height,  which  is  about  the  same 
pressure  as  that  with  which  the  blood  moves  in  the  arteries. 


CHAPTER  V. 

or   THE    ACTION   OF   THE    BLOOD-VESSELS   IN   THE   PROCESS   OF 

ABSORPTION    AND    EXUDATION. 

a.  Of  Absorption. 

The  office  of  absorption  was  ascribed  to  the  veins  until  after  the 
discovery  of  the  lacteals  by  Asellius,  in  1622,  and  subsequently  of 
similar  vessels — the  lymphatics — in  most  other  parts  of  the  body, 
when  these  latter  vessels  were  supposed  to  be  the  sole  organs  of 
absorption.  The  fact  of  the  lacteals  becoming  turgid  with  chyle 
soon  after  taking  food,  and  the  arrangement  of  their  valves,  which 
is  such  as  to  favour  the  course  of  the  chyle  and  lymph  towards  the 
thoracic  duct,  and  to  prevent  its  motion  in  the  opposite  direction,  are 
corroborative  of  the  opinion  that  they  perform  the  function  of  absorp- 

*  See  theartiele  «*  Erection,^*  by  MuUer,  in  the  Encyclop.  Wortenbuch  d.  me- 
diein*  Witseneh. 
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tion.  It  has,  howeTer,  at  different  times  been  remarked  that  the 
lymphatics  cannot  be  the  sole  organs  for  the  fulfilment  of  this  office. 
The  absorption  of  the  osseous  matter  in  the  interior  of  the  bones  in 
the  formation  of  their  cells,  and  the  absorption  of  the  alyeoli  of  the 
teeth  in  old  persons,  are  facts  well  known,  and  yet  there  are  no  lyiib- 
phatics  in  bones.  It  is  certain  also  that  pus,  portions  of  the  lens,  and 
blood  in  the  interior  of  the  eye,  become  absorbed,  and  neverthetes 
no  lymphatics  have  been  discovered  in  the  interior  of  that  organ. 
Lastly,  we  need  only  instance  the  absorption  of  the  yolk  of  the  egg 
by  the  germinal  membrane,  in  which  no  one  will  assert  that  there  are 
lymphatics  during  the  first  days  of  incubation;  if  the  invertebrate 
animals  which  possess  no  lymphatics,  did  not  sufficiently  prove  the 
possibility  of  absorption  being  performed  without  the  agenqr  of  these 
vessels. 

Proofs  of  absorption  by  the  blood-vessels.^lt  required,  however, 
a  long  course  of  experiments  to  establish  the  fact  of  the  immediate 
absorption  of  matters  into  the  blood  without  the  aid  of  lymphatic?. 
Magendie,  Emmert,  Mayer,  Lawrence,  B.  H.  Coates,  Harlan,  Tiede- 
mann,  Gmelin,  and  Westrumb,  have  particularly  distinguished  them- 
selves in  this  inquiry. 

Delille  and  Magendie  having  divided  all  the  parts  of  the  thigh  of  a 
dog  except  the  crural  artery  and  vein,  leaving  merely  these  vessds, 
which  were  dissected  quite  clean,  and  freed  from  their  cellular  coat, 
to  maintain  the  connection  of  the  limb  with  the  trunk,  then  inserted 
two  grains  of  a  strong  poison  (the  upas  ticuti)  into  a  wound  in 
the  foot.  The  action  of  the  poison  was  as  rapid  as  if  the  limb  had 
been  previously  uninjured.  The  symptoms  began  to  show  them- 
selves in  four  minutes,  and  in  ten  minutes  the  animal  was  dead. 

The  same  physiologists  made  a  similar  experiment  on  a  convolu- 
tion of  intestine  in  a  dog,  in  which  the  lacteals  had  been  previously 
made  visible  by  giving  the  animal  a  good  meal.  The  intestine  was 
tied  at  two  points,  with  an  interval  of  fifteen  or  sixteen  inches;  the 
lacteals  of  this  portion  of  intestine  were  then  tied  each  with  two 
ligatures  and  divided.  They  satisfied  themselves  that  no  other 
lacteals  ran  from  this  part  of  the  intestine,  so  that  its  only  means  of 
communication  with  the  circulation  were  the  arteries  and  veins. 
They  now  injected  into  the  intestine  two  ounces  of  decoction  of  nux 
vomica,  and  retained  it  there  by  a  ligature.  Symptoms  of  poisoning 
ensued  in  six  minutes.* 

Magendie  laid  bare  one  of  the  jugular  veins  in  a  young  dog  of  six 
weeks  old,  and  isolated  it  from  surrounding  parts  in  its  whole  length, 
so  that  he  could  pass  a  card  beneath  it.  He  then  applied  freely  to 
the  vein  a  watery  solution  of  spirituous  extract  of  nux  vomica.  The 
symptoms  of  poisoning  appeared  before  the  fourth  minute;  whea  a 
similar  experiment  was  made  on  an  adult  dog,  the  symptoms  came 
on  in  ten  minutes.t 

*  Elements  of  Physiol,  tnnslaled  by  MiUigan,  4th  ed.  f.  S14. 
t  Magendie,  1.  c.  p.  358. 
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Segalas*  has  repeated  these  experiments  in  a  different  manner. 
He  tied  the  blood-vessels,  or  merely  the  veins  of  a  portion  of  intes- 
tine,  the  lymphatics  being  uninjured,  and  was  then  unable  to  kill  a 
dog,  even  in  an  hour,  by  means  of  poison  introduced  into  the  intes- 
tine. 

The  results  of  Mayer'st  experiments,  in  which  he  injected  a  solu- 
iioD  of  prussiate  of  potash  into  the  lungs,  must  be  more  accurately 
detailed.  As  early  as  from  two  to  five  minutes  after  its  injection 
into  the  lungs,  the  salt  could  be  detected  in  the  blood  by  the  green  or 
bine  precipitate  produced  in  the  serum  by  the  addition  of  muriate  or 
«nlpbat6  of  iron.  The  rapidity  with  which  the  prussiate  of  potash 
enten  the  blood,  is  too  great  for  it  to  be  explained  by  means  of  the 
slow  circulation  of  the  lymph.  The  salt  was  detected  in  the  blood 
long  before  it  was  perceptible  in  the  chyle,  and  in  the  left  side  of  the 
heart  before  a  trace  of  it  could  be  detected  in  the  right  cavities;  while, 
if  the  absorption  had  been  effected  by  the  lymphatics,  the  course  of 
the  lymph  being  first  into  the  venous  blood  of  the  body,  the  salt  ab- 
sorbed ought  to  be  detected  first  in  the  right  cavities  of  the  heart. 
Slight  minutes  after  its  injection  into  the  lungs,  prussiate  of  potash 
ehows  itself  in  the  urine.  It  is  found  also  in  the  skin,  in  the  fluid  of 
the  articular  c-avities,  in  the  abdominal  cavity,  in  the  pleura,  in  the 
•pericardium,  in  the  fat,  in  the  fibrous  membranes, — for  instance,  the 
dura  mater, — in  the  aponeuroses,  in  the  arachnoid,  in  the  capsular 
•and  lateral  ligaments,  in  the  internal  ligaments  of  joints, — as  the 
crucial  ligaments  of  the  knee-joints  and  the  ligamentum  teres  of 
the  Acetabulum, — in  the  perichondrium,  and  in  the  valves  of  the 
hearL  The  kidneys  were  the  only  glands  in  which  it  could  be 
detected;  prussiate  of  potash,  Hke  most  salts,  being  excreted  from  the 
blood  by  the  kidneys.  The  liver  did  not  become  stained  on  its  ex- 
ternal surface  when  the  salt  of  iron  was  applied,  but  the  colour  was 
.evident  in  the  interior  of  the  gland,  although  still  only  around  the 
large  vessels  which  were  enclosed  in  the  cellular  tissue  of  the  capsule 
of  Glisson:  no  change  of  colour  was  produced  in  the  bile,  and  a  very 
slight  one  only  in  the  milk.  In  the  testicle,  the  salivary  and  pan- 
creatic glands,  and  more  especially  in  the  cellular  tissue  of  these 
parts,  the  colouring  was  more  distinct.  The  spleen  evidenced  no 
change  of  colour,  the  suprarenal  capsules  scarcely  any,  and  none  was 
imxluced  in  the  muscles,  except  at  the  parts  where  the  bundles  of 
muscular  fibre  were  enveloped  in  fibrous  membrane.  The  nerves 
became  green  externally,  but  this  was  dependent  on  the  cellular 
membrane  which  surrounded  them;  the  nervous  substance  itself,  and 
the' brain  and  spinal  cord,  displayed  not  the  slightest  alteration  of 
colour.  The  colour  of  bone  also  remained  unchanged.  The  reason 
of  these  differences  is,  perhaps,  that  the  prussiate  of  potash  is  decom- 
posed in  some  tissues,  so  as  to  render  its  detection  by  chemical  tests  im- 
possible, for  it  must  be  distributed  with  the  blood  equally  to  all  parts. 

Some  of  the  experiments  which  the  committee  of  the  Academy  of 

*  Magendie^s  Journal  de  Physiolog.  IL  p«  117« 
t  Meekel's  ArchiT.  U  iii.  1817,  p.  485. 
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Medicine  of  Philadelphia,  Drs.  Lawrence,  Coates  and  Harlan,  insti- 
tuted,* seem  to  be  opposed  to  the  results  obtained  by  Mayer,  and  by 
all  the  observers  hitherto  mentioned;  and  are  in  favour  of  the  opinion 
that  absorption  is  performed  chiefly  by  the  lymphatics;  but  they  are 
not  conclusive:  they  merely  prove  that  chemical  agents  are  ab- 
sorbed by  the  lymphatics  as  well  as  by  the  capillaries.  Westrumbt 
detected  prussiate  of  potash  in  the  urine  two  minutes  after  injecting 
it  into  the  stomach,  while  the  lymph  and  chyle  contained  none.  The 
ureters  had  been  divided,  and  tubes  fixed  in  them,  from  which  the 
urine  was  received. 

Tiedemann  and  Gmelin  in  numerous  and  well  conducted  experi- 
ments found  that  foreign  (saline)  matters  introduced  into  the  stomach 
by  the  mouth  very  rarely  found  entrance  mto  the  chyle;  colouring 
matters  never.  These  results,  which,  from  the  accuracy  with  which 
the  experiments  were  performed,  can  be  in  great  measure  depended 
upon,  agree  with  those  of  the  experiments  made  by  Hall6t  and 
Magendie.§  On  the  other  hand,  they  are  opposed  to  those  of  Martin, 
Lister,  and  Musgrave,||  of  Hunter,  Haller,  and  Blumenbach,  as  well 
as  of  Viridet  and  Mattei,  who  assert  that  they  have  observed  a  yellow 
or  red  colour  in  the  chyle  after  food  consisting  of  yolk  of  eggs  or  red 
beet  had  been  taken. 

Foderaf  and  Poiseuille**  detected  prussiate  of  potash  both  in  the 
veins  and  lacteals  soon  after  its  injection  into  the  intestine  of  a  living 
animal.  Schroeder  van  der  Kolk  could  perceive  it  only  in  the  lac- 
teals, on  repeating  this  experiment  It  may  be  remarked,  that  a 
blue  tint  is  exceedingly  difficult  to  detect  in  the  blood  itself,  and 
cannot  be  recognised  with  certainty  except  in  the  serum  of  the  blood. 
Lawrence  and  Coatestt  did  not  detect  the  salt  in  the  blood  before  it 
was  perceptible  in  the  upper  part  of  the  thoracic  duct. 

Several  experiments  to  determine  the  influence  of  ligature  of  the 
thoracic  duct  on  absorption  have  been  made  by  Brodie,  Magendie, 
Delille,  and  Segalas.  In  Brodie's:^}  experiments,  the  fatal  effects  of 
alcohol  and  woorara  poison  were  still  produced,  after  the  thoracic 
duct  was  tied. 

Since,  however,  the  thoracic  duct  has  sometimes  in  animals  com- 
munications with  veins, — for  instance,  branches  joining  the  vena 
azygos,  as  in  the  hog, — and  since  even  a  right  thoracic  duct  some- 
times exists,  while  the  absorbent  vessels  have  frequent  communica- 
tions with  each  other,  the  application  of  a  ligature  to  the  thoracic 
duct  cannot  absolutely  prevent  the  passage  of  the  poisoned  lymph 
into  the  blood. 

Emmert  has  demonstrated  the  immediate  passage  of  matters  into 

•  Philadelph.  Joam.  N.  6.    Froriep's  Not.  N.  49. 
t  Meckers  Arohiv.  vii.  535,  540. 
^  Foarcroy^s  Syst^me  des  CoDDaiss.  Chim.  10,  66. 
i  Loc  cit.  fl  Phil.  TraD8. 1701,  819. 

T  Reoherch.  exp.  snr  Texhalation  at  rabsorption.    Par.  1824. 
^*  Breachet^a  Syat^me  Lymphatiqae,  p.  211. 

ft  Froriep'a  Not.  77.    Philadelphia  Joamal,  Aag.  1822;  and  London  Med.  and 
Phya.  Joarnal,  1823,  ▼•  49,  p.  16. 
t%  Phil.  Trans.  1811. 
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the  bloody  by  showing  that  they  do  Dot  enter  the  circulation  when 
the  blood-vessels  are  tied.  Jacobson,*  lastly,  has  shown,  that  in 
mollusca,  which  possess  no  lymphatics,  prussiate  of  potash,  never- 
theless, finds  its  way  readily  into  the  blood  from  every  surface  to 
which  it  is  applied,  and  is  again  eliminated  from  the  blood  by  the 
secreting  organs, — the  lungs,  liver,  and  aaccus  calcareusA 

The' immediate  absorption  of  matters  by  the  capillary  blood-vessels 
is  proved  by  all  these  experiments,  but  especially  by  the  extraordi- 
narily rapid  effects  of  poison;  for  it  is  equally  certain  that  the  gene- 
ral effects  of  poisoning  depend,  not  on  nervous  communication,  but 
wholly  on  the  noxious  substance  entering  the  circulation. 

All  the  phenomena  which  we  have  detailed  might,  however,  be 
dependent  on  absorption  by  the  lymphatics,  if,  as  some  recent  writers 
suppose,  the  lymphatics  and  small  veins  do  really  communicate. 
Bat  this  objection  may  be  completely  set  aside  by  the  known  laws 
of  the  imbibition  of  animal  tissues. 

Imbibition. — Until  recently  the  passage  of  matters  into  the  blood 
"was  supposed  to  depend  on  a  peculiar  absorbing  power  of  the  veins. 
But  it  is  now  known  that  fluid  matters  may  find  their  way  into  the 
blood  of  the  capillaries,  without  the  aid  of  this  imaginary  power  of 
absorption;  and  from  the  capillaries  they  necessarily  pass  first  into 
the  veins,  the  direction  in  which  all  the  blood  of  the  capillaries  moves 
being  from  the  arteries  towards  the  veins  and  the  heart.  The  pri- 
mary phenomenon  in  the  immediate  absorption  of  substances  in 
flotation  into  the  blood,  is  the  permeation  of  the  animal  tissues  by 
fluids  brought  into  contact  with  them.  The  property  of  permeability 
by  fluids  possessed  by  tissues  even  after  death,  depends  upon  their 
invisible  porosity,  and  is  termed  'imbibition."  This  kind  of  absorp- 
tion being  exercised  by  dead  animal  textures  as  well  as  the  living, 
may  be  correctly  termed  the  inorganic,  in  contradistinction  to  the 
lymphatic  absorption. 

Gases,  and  thin  fluids,  together  with  the  matters  they  hold  in 
solution,  permeate  moist  animal  textures.  Two  kinds  of  gases  in 
contact  with  the  two  surfaces  of  a  moist  animal  bladder,  one  being 
within  it  and  the  other  external  to  it,  each  permeate  the  bladder  till 
they  are  equally  mixed.  The  bladder  having  been  previously  dried 
and  then  moistened  does  not  prevent  this  process  taking  place.  A 
gas  will  permeate  a  moist  bladder,  to  be  absorbed  by  a  fluid  within 
it  This  explains  how  it  is  that  gaseous  matters  can  enter  into  the 
blood  during  respiration,  without  the  globules  of  the  blood  escaping. 

*  Froriep'8  Notiz.  ziv.  p.  300. 

t  On  the  Bobject  of  absorpUoa  b^  the  capillaries  and  veins,  consult  Weatrumb, 
Physiolo^.  Untersuch.  iiber  die  Einsaugunga-kraft  der  Venen.  Hannover,  1625. 
Tiedemann  und  Goielin,  Versuche  nber  die  Weffe,  auf  welchen  Substanzen  aus 
dem  Maffen  and  Darmkanal  ins  Blut  gelanfren.  Heidelb.  1820.  Seller  and  Fici- 
nas  in  Zeitschrift  far  Natar-and  Heilkunde,  ii.  378.  Jaeckel,  De  absorptione 
▼eoota.  Vratislav,  1819.  Lebkuckner,  Diss,  atrnm  per  viventium  adhuc  animal, 
membran.  aq.  vasor^arietes  mater,  ponderab.  iilis  applicat.  permeare  queant,  nee 
ne.  Tub.  1819.  Wedemejer,  iiber  den  Kreislauf.  Hannover,  1828,  421.  Scha- 
bel,  de  effect,  veneni  rad.  veratri  albi  et  hellebori  nigrri.  Tub.  1819.  Schnell,  Diss, 
tilt.  hisL  v«iieni  opas  antiar.    Tub.  1815.    Tdbingr.  Blatter.  3.  1.  1817. 
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The  gaseous  matters  permeate  the  membranes  of  the  lungs,  and  are 
dissolved  in  the  blood  circulating  in  the  numerous  capillaries  which 
traverse  these  membrances,  by  virtue  of  the  invisible  porosity  of  the 
coats  of  the  vessels,  which,  nevertheless,  have  no  openings  larp;e 
enough  to  admit  the  red  particles  of  the  blood.  If  a  piece  of  moist 
bladder  is  tied  over  a  bottle  completely  filled  with  water,  so  that 
the  bladder  is  in  contact  with  the  surface  of  the  water,  and  if  some 
salt  is  then  strewed  over  the  outer  surface  of  the  bladder,  it  is 
dissolved  by  the  water  which  permeates  the  pores  of  the  bladder, 
and  thence  is  imparted  to  the  water  in  the  vessel.  The  primary 
cause  of  imbibition,  or  the  permeability  of  animal  tissues,  is  there- 
fore the  tendency  which  substances  have  to  diffuse  themselves  uni- 
formly in  the  fluid  in  which  they  are  dissolved.  A  salt  in  solution 
has  a  tendency  to  diffuse  itself  through  any  other  fluid  with  which 
it  is  miscible.  Salt  water  and  water,  for  example,  when  in  contact 
become  uniformly  mixed  with  each  other.  Animal  tissues  owe  their 
soilness  to  the  watery  fluids  which  they  contain,  and  which  fill  their 
pores.  Any  matter  in  solution,  therefore,  which  comes  in  contact 
with  them  will  tend  to  diffuse  itself  in  the  fluids  of  the  pores,  and 
again,  through  the  medium  of  these  pores,  with  fluids  in  contact 
with  the  opposite  side  of  the  membrane,  until  the  distribution  of  the 
matters  dissolved  is  uniform  in  the  two  fluids  which  the  membrane 
separates.  There  are,  however,  particular  circumstances  under 
which  the  process  of  imbibition  is  accelerated  by  attraction,  or  by  the 
action  of  capillary  tubes.  The  latter  is  the  case  when  a  dry  animal 
texture  is  moistened,  for  there  the  capillary  attraction  of  the  empty 
pores  must  favour  the  entrance  of  the  fluid.  The  influence  of 
attraction  in  modifying  imbibition  is  displayed  in  the  phenomena  of 
endosmose  and  exosmose,  first  discovered  by  Parrot,  and  farther 
investigated  by  Porret,  Dutrochet,  and  others.  If  a  solution  of  any 
salt,  or  of  sugar,  is  poured  into  a  glass  tube  closed  below  by  a  piece 
of  bladder,  the  particles  of  the  solution  permeate  the  pores  of  the 
bladder,  but  do  not  pass  through  it.  If  the  tube  thus  filled  is  placed 
in  a  vessel  containing  distilled  water,  the  fluid  gradually  rises,  and 
sometimes  to  the  extent  of  several  inches,  within  the  tube,  while  by 
proper  tests  it  is  found  that  at  the  same  time  a  portion  of  the  solution 
has  found  its  way  from  the  interior  of  the  tube  to  the  water  external 
to  it.  The  elevation  of  the  level  of  the  fluid  in  the  tube  continues 
till  the  two  fluids  are  homogeneous.  If  the  tube  contains  water, 
and  the  exterior  vessel  the  saline  solution,  the  water  sinks  in  the 
tube.  If  both  vessels  contain  solutions  of  different  salts,  but  of  the 
same  density,  the  level  of  the  fluids  does  not  alter,  but  the  two  salts 
become  equally  mixed.  If,  on  the  contrary,  one  solution  is  more 
concentrated  than  the  other,  the  quantity  of  the  more  concentrated 
one  becomes  increased.  The  same  phenomena  are  observed  when, 
in  place  of  the  bladder  of  an  animal,  porous  mineral  substances  are 
used.  Two  explanations  of  the  phenomena  have  been  given.  The 
first,  which  was  offered  by  Magnus  and  Poisson,  is,  that  between  the 
particles  of  a  saline  solution  a  compound  attraction  subsists,  consist- 
mg  of  the  mutual  attraction  of  the  salt  and  water,  of  the  attraction 
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between  the  individaal  particles  of  the  water,  and  of  that  between 
the  individual  particles  of  the  salt.  This  compound  attraction  is  sup- 
posed to  be  more  powerful  than  the  simple  attraction  between  the 
particles  of  water.*  The  second  explanation  is  the  following: — The 
animal  bladder,  inasmuch  as  it  is  porous,  may  be  viewed  as  a  sys- 
tem of  capillary  tubes  exerting  attraction  on  the  fluids,  which  are 
tending  through  their  medium  to  mix  with  each  other.  If,  now,  one 
of  the  fluids  be  more  strongly  attracted  by  the  tissue  of  the  bladder 
than  the  other,  it  will,  of  course,  be  longer  retained  in  its  passage 
through  the  pores;  and  while  the  level  of  the  fluid  which  passes 
through  more  quickly  will  necessarily  fall  in  the  vessel  that  contains 
it,  that  of  the  slowly  traversing  one  will  rise  until  the  increasing 
pressure  of  the  rising  column  of  water  counterbalances  the  efiect  of 
the  more  powerful  attraction.! 

Dutrochet  has  named  the  phenomena  which  we  have  described 
''endosmose"  and  <<exosmose,'^  according  as  the  quantity  of  the  one 
or  of  the  other  fluid  increases  under  different  conditioYis.  In  tha 
direct  passage  of  matters  in  solution  into  the  capillaries  and  the 
blood,  endosmose  without  doubt  takes  place,  and  not  merely  simple 
imbibition.  Dutrochet  has  demonstrated  this  by  experiment.  A  por- 
tion of  the  intestine  of  a  young  fowl,  half  filled  with  a  solution  of 
gum,  sugar,  or  common  salt,  and  tied  at  both  ends,  was  placed  in  a 
Shallow  vessel  filled  with  water,  when  it  soon  became  filled  to  dis- 
tension. If,  on  the  contrary,  the  intestine  contained  pure  water, 
and  was  immersed  in  sugared  water,  it  became  gradually  more  lax, 
and  the  fluid  in  the  intestine  was  aAerwards  found  to  contain  sugar.:|: 

Dutrochet's  hypothesis,  that  electric  action  is  connected  with 
these  phenomena,  has  not  been  confirmed:  nor  does  it  constantly 
happen  that  the  denser  fluid  attracts  more  of  the  thinner  than  the 
latter  does  of  the  former:  in  the  case  of  gases  especially,  the  contrary 
is  sometimes  seen  to  be  the  case.  But  the  chemical  constitution  of 
the  fluid,  and  its  physical  and  chemical  relation  to  the  animal  mem- 
brane which  it  permeates,  seem  to  have  an  important  influence  on 
the  phenomenon.  Dilute  alcohol  kept  in  a  bladder  becomes  more 
concentrated,  the  water  alone  evaporating;§  and  it  has  been  found 
that  if  a  portion  of  the  intestine  of  a  fowl  filled  with  a  watery  solution 
of  acacia  gum  and  rhabarbarin,  and  tied  close,  is  laid  in  a  vessel  con- 
taining water,  the  intestine  becomes  distended,  while  the  rhabarbarin 
exudes  from  it.  Similar  sacks  filled  with  a  weak  solution  of  sulphate 
of  iron,  and  laid  in  a  solution  of  ferrocyanate  of  potash,  became  dis- 
tended in  consequence  of  the  endosmosis  of  the  water  of  the  external 
solution,  which  at  the  same  time  acquired  a  blue  colour  from  the 

*  Berxelius,  loe.  cit.  p.  134. 

t  Biot,  Experimental-Physik,  translated  into  the  German  by  Fechner,  i.  384. 
See  alto  Pois«on,in  Poggendorfa  Anna!,  xi.  134.  Fischer,  ibid.  126.  Magnus, 
ibid.  1. 153;  and  Wach,  Schweig;g;.  Journal,  p.  20. 

%  Dutrochet,  L' Agent  immbdiat  du  mouvement  vital.  Paris,  1826.  Nouv.  Rech. 
■ur  rendoemoee.  Paris,  1828.  See  also  the  article  Endosmose  in  the  CyoIopaDdU 
of  Anatomy. 

i  See  experiments  of  Staples  in  Kastnefs  Arch,  fur  Chemie,  Bd.  iii.  H.  1—3, 
P.S88. 
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salt  of  iron  having  passed  through  the  membranes  in  an  outward 
direction,  while  the  absence  of  this  colour  in  the  fluid  in  the  interior 
of  the  portions  of  gut  proved  that  the  salt  of  potash  had  not  per- 
meated them.  The  phenomenon  of  the  endosmosis  of  gases,  on 
which  Dr.  Faust*  has  instituted  experiments,  are  very  remarkable. 
A  bladder  half  filled  with  atmospheric  air  being  placed  under  ajar 
containing  carbonic  acid  becomes  more  distended;  and  if  the  bladder 
which  is  placed  in  the  carbonic  acid  gas  contains  hydrogen,  it  be- 
comes distended  to  bursting.  If,  on  the  contrary,  the  jar  contains 
the  lighter,  and  the  bladder  the  denser  gas,  the  bladder  becomes 
collapsed.(a) 

Time  required  far  absorption  by  the  capillaries. — I  wished  to 
know  the  time  required  for  any  substance  to  reach  by  the  way  of 
imbibition  the  superficial  layers  of  the  capillaries  of  a  part  which  is 
not  invested  by  epidermis,  so  as  to  enter  the  circulation.  The  deli- 
cate membmne  which  forms  the  villi  of  the  intestines  in  the  calf  and 
«i  contains  capillary  blood-vessels,  although  the  villi  themselves 
easure  only  xiv^h  of  an  inch  in  diameter.  From  this  measurement 
we  can  conceive  to  what  depth  fluids  must  permeate  to  reach  the 
capillaries  of  any  membrane  free  from  epidermis.  Having  put  into 
a  glass  vessel  with  a  very  narrow  neck  some  solution  of  prussiate  of 
potash,  I  tied  over  it,  in  one  experiment,  the  urinary  bladder  of  a 
frog,  in  another  the  lung  of  the  same  animal,  then  with  a  hair-pencQ 
applied  to  the  surface  of  the  soft  membrane  some  solution  of  a  salt 
of  iron  (the  muriate),  and  at  the  same  moment  inverted  the  glass,  so 
that  the  solution  of  prussiate  of  potash  came  in  contact  with  the 
inner  surface  of  the  membrane.  A  second  of  time  had  not  elapsed 
when  a  pale  blue  spot  formed,  and  soon  became  more  distinct.  It 
appears,  therefore,  that  substances  in  solution  permeate  a  membrane 
of  the  thickness  of  the  stretched  bladder  of  a  frog  in  perceptible 
quantity  within  a  second  of  time.  The  membrane  forming  the 
frog's  bladder  consists  of  several  layers,  and  is  very  much  thicker 
than  the  organised  membrane  which  forms  the  intestinal  villi.  We 
may  therefore  safely  admit,  that  substances  in  solution  permeate,  in 
quantity  sufficient  to  be  detected,  a  membrane  not  covered  by  epi- 
dermis, so  as  to  reach  the  first  layer  of  capillaries,  and  thus  to  enter 
the  circulation  in  a  shorter  time  than  a  second.  Now  the  blood,  ac- 
cording to  Hering's  calculation,  circulates  through  the  whole  body 
in  half  a  minute,  and,  according  to  others,  in  from  one  to  two 

*  Amer.  M«<i.  Joorn.  to!,  vii.    Froriep^s  Not.  N.  646. 

(a)  Dr.  J.  K.  Mitchell,  at  the  time  (1830)  lecturer  on  Chemistrv  in  the  Phila- 
delphia Medical  Institute,  and  now  Professor  of  the  Practice  of  Medicine  in  Jef- 
ferson Medical  College,  instituted  a  course  of  experimeDte  alill  more  Tailed  on  the 
subject,  which  he  enutled,  ^^On  ikt  Feneiratiwenen  of  FkUd»^^*  (Jim.  Jmurn,  Msd. 
Seien,  Vol.  VII.)  Subsequently,  in  1833,  he  renewed  his  inquiries,  which  ware 
published  in  the  JSlm.  Juum,  Vol.  XIII,  under  the  head  of  the  Fendraiitm  (f  Gmsm* 
He  performed  at  this  time  numerous  experiments  on  the  penetration  of  gases 
through  wet  and  recent  animal  tissues,  as  well  as  inorganic  membranes;  and 
has  thus  put  on  record  much  valuable  matter,  and  furnished  at  the  same  time  pre|p- 
nant  suggestions  for  the  physiologist,  in  bis  inTsatigations  into  absorption,  respi- 
ration, secretion  and  nutrition. 
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minutes;  consequently  we  may  suppose  that  a  minute  quantity  of 
any  substance  in  solution,  which  comes  into  contact  with  a  mem- 
brane free  from  epidermis,  may  be  distributed  through  the  circulating 
system  in  the  period  of  from  half  a  minute  to  two  minutes. 

JleiiQn  of  poisons. — The  narcotic  poisons  act,  it  is  true,  by 
abolishing  the  nervous  energy,  but,  when  applied  locally  to  the 
nerves,  their  effects  are  only  local.  I  held  the  nerve  of  a  frog's  leg, 
which  was  separated  from  the  body,  in  a  watery  solution  of  opium 
for  a  short  time,  and  that  portion  of  the  nerve  lost  its  irritability,  t.  e. 
its  property  of  exciting  twitchings  of  the  leg  when  it  was  irritated; 
but,  below  the  part  that  the  poison  had  touched,  the  nerve  still 
retained  this  function.  Opium,  therefore,  produces  a  change  in  the 
nervous  matter  itself;  but  the  influence  is  local,  and  is  not  propa- 
gated thifough  the  nerves,  so  as  to  produce  general  poisoning.  Frogs 
are  very  sensible  to  the  effects  of  opium;  and  nevertheless,  if  the 
leg  of  a  frog  is  separated  from  the  body,  the  nerve  only  being  left  to 
maintain  the  connection,  and  is  then  placed  in  a  solution  of  opium, 
and  kept  there  for  several  hours,  the  animal  suffers  no  narcotic  in- 
fluence; provided,  however,  that  it  is  so  confined,  that  in  its  struggles 
it  cannot  throw  any  of  the  fluid  over  its  body.  More  recently  1  laid 
bare  the  ischiadic  nerve  ih  toads,  and  removed  all  the  flesh  of  the 
thigh,  leaving  the  leg  and  thigh  connected  to  the  trunk  by  means  of 
the  bone  and  nerve  only.  I  then  immersed  the  leg  in  a  solution  of 
the  acetate  of  morphia,  and  in  a  concentrated  solution  of  opium,  and 
kept  the  animals  thus  for  a  considerable  time.  No  general  symp- 
toms of  narcotisation  were  produced;  even  at  the  end  of  many  hours, 
the  animals  retained  perfect  power  of  motion  and  sensation  in  the 
rest  of  the  body. 

These  experiments,  as  well  as  many  others,  instituted  by  well- 
known  physiologists,  prove  that,  before  narcotic  poisons  can  exert 
their  general  effects  on  the  nervous  system,  they  must  enter  the  cir- 
culation. Dupuy  and  Brachet  indeed  maintain  that  animals  cannot 
be  destroyed  by  narcotic  poisons  introduced  into  the  stomach,  if  the 
nervus  vagus  has  been  divided  on  both  sides,  or,  at  least,  that  they 
do  not  die  so  soon.  But  in  thirty  experiments  on  Mammalia,  which 
M.  Wernscheidt  performed  under  my  direction,  not  the  least  differ- 
ence could  be  perceived  in  the  action  of  narcotic  poisons  introduced 
into  the  stomach,  whether  the  nervus  vagus  had  been  divided  on 
both  sides  or  not,  provided  the  animals  were  of  the  same  species  and 


The  first  facts  in  support  of  the  correct  theory  of  the  action  of  nar- 
cotic poisons  we  owe  to  Fontana,"*  who  instituted  experiments  with 
the  poisons  of  the  viper,  ticanas,  and  laurel-berries,  and  with  opium; 
and  found  that  these  and  similar  poisons  did  not  produce  their  gene- 
ral effects  unless  they  entered  the  circulation,  and  that,  applied  to  the 
nerves,  they  exerted  only  a  local  influence  on  them.  Sir  B.  Brodiet 
aAerwards  divided  all  the  nerves  of  the  anterior  extremity  in  the 
axilla  of  a  rabbit,  and  applied  woorara  poison  to  a  wound  in  the  foot 

•  On  poisons.  f  Pl>il*  '<*""».  1811,  p.  178;  1818,  p.  107. 
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of  the  same  limb:  the  action  of  the  poison  was  not  prevented.  He 
applied  a  strong  ligature  to  the  hind  leg  of  a  rabbit,  excluding  only 
the  principal  nerves,  and  then  inoculated  the  leg  with  woorara;  but 
no  poisonous  effects  were  produced  until  he  loosened  the  ligature, 
when  they  immediately  ensued.  Wedemeyer*  found  that  .pnissic 
acid,  so  strong  that  it  proved  fatal  within  a  second  when  introduced 
into  the  eye  and  other  parts  of  the  body,  produced  no  such  rapid 
effect  when  applied  immediately  to  the  nerves.  Emmert  amputated 
the  extremities  of  animals,  leaving  them  connected  with  the  trunk 
by  the  nerves  only,  apd  then  introduced  poison  into  the  feet;  no 
general  symptoms  resulted.  He  likewise  applied  the  poison  to  the 
nervous  trunks  themselves,  but  without  effect.  C.  Viborgt  applied 
almost  a  drachm  of  concentrated  prussic  acid  to  the  brain  of  a  horse, 
laid  bare  by  means  of  the  trephine,  without  the  slightest  symptoms 
of  poisoning  being  produced.]:  Hubbard§  has,  it  is  true,  seen  prussic 
acid  applied  to  the  nerves,  act  rapidly;  but  he  himself  confesses  that 
when  he  isolated  the  nerve  by  placing  a  card  beneath  it,  the  poison 
produced  no  effect. 

The  rapid  action  of  the  greater  number  of  narcotic  poisons  is  per- 
fectly explicable  by  the  facts  above  detailed  respecting  absorption 
by  imbibition.  Prussic  acid,  however,  exerts  its  influence  in  a  much 
shorter  time  than  would  be  required  for  it  to  enter  the  circulation 
through  tiie  medium  of  the  capillaries,  which,  as  we  have  said,  is 
half  a  mimite,  or  two  minutes.  The  spirituous  solution  of  extract 
of  nux  vomica,  also,  introduced  in  small  quantity  into  the  mouth  of 
a  young  rabbit,  produces  immediate  death;  whereas  when  applied 
to  a  nerve  at  some  distance  from  the  brain,-7for  instance,  to  the 
ischiadic  nerve,— it  produces  no  general  symptoms.  Concentrated 
prussic  acid,al8o,  as  Wedemeyer  observed,  does  not  exert  its  poi- 
sonous influenee  when  applied  merely  to  a  bare  nerve.  The  rapid 
effects  of  prussic  acid  can  only  be  explained  by  its  possessing  great 
volatility  and  power  of  expansion,  by  which  it  is  enabled  to  diffuse 
itself  through  the  blood  more  rapidly  than  that  fluid  circulates,  to 
permeate  the  animal  tissues  very  quickly,  and  in  a  manner  inde- 
pendent of  its  distribution  by  means  of  the  blood,  and  thus  to  pro- 
duce the  peculiar  material  changes  in  the  central  oi^ans  of  the 
nervous  system  more  quickly  in  proportion  as  it  is  applied  nearer 
to  it. 

Passage  ofingesta  into  the  secretions. — The  rapidity  with  which 
fluid  matters  are  imbibed  into  the  capillaries,  and  distributed  through 
the  body  by  the  circulation,  explains  completely  the  quick  reappear- 
ance in  the  urine  of  substances  which  have  been  taken  into  the 
stomach  with  the  food,  without  the  need  of  having  recourse  to  the 

^  Physiol.  Untenach.  uber  das  Nervensystem  and  die  Respiration;  Hanover, 

1817,  p.  234 Consnltalso  Emmert,  l>abin|^.  Blatter.  ISl  1,  Bd.  ii.  p.  88.    Salsb. 

Medic  Zeitung.  1813,  Bd.  iii.  p.  63.  Meckera  Archiv.  i.  p.  .176.  Sohnell,  Dias. 
Siat.  Historiam  Veneni  Upaa  antiar.    Tubing.  1815. 

tAct.  Reg.  Soc.  Med.    Hafn.  18S1,  p.  340. 
See  Land,  Vi?i8ectionen,  pp.  103, 104. 
S  Philadelph.  Journal,  Aug.  183i. 
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barbarons  notion  of  secret  passages  existing  between  the  stomach 
and  kidneys.  According  to  Westrumb,  sohible  salts  find  their  way 
into  the  urine  in  from  two  to  ten  minutes  after  they  are  taken  into 
the  stomach;  for,  when  t];iis  time  had  elapsed  after  his  giving  prus- 
siate  of  potash  to  an  animal,  he  was  able  to  detect  it  in  the  urine 
which  he  collected  immediately  from  the  ureter.  Stehberger's  ex- 
periments, however,  prove  that  the  reappearance  in  the  urine  of 
snbstances  taken  with  the  food  ordinarily  requires  a  much  longer 
period. 

Jibwrption  of  chyle. — The  matters  which  pass  by  imbibition 
through  the  walls  of  the  capillaries  into  the  blood  must,  however,  be 
in  solution;  they  must  not  consist  of  globules.  This  condition  alone 
shows  that  the  digested  matters,  and  the  chyle  which  contains  glo- 
bules, cannot  find  their  way  by  imbibition  into  the  capillaries  and 
the  venous  blood.  Tiedqmann,  Gmelin,  and  Mayer,  have,  it  is  true, 
observed  streaks  of  chyle  in  the  intestinal  and  portal  veina  But 
the  chyle  could  not  have  entered  the  blood  through  the  walls  of  the 
capillary  vessels;  for  if  that  were  the  case,  the  corpuscules  of  the 
blood  in  the  capillaries  would  likewise  be  able  to  escape  from  them. 
Perhaps  the  streaks  of  chyle  observed  by  these  physiologists  were 
derived  from  the  communications  which  are  supposed,  although  not 
yet  proved,  to  exist  between  the  lacteals  and  the  small  veins. 

EndoamasUj  however,  does  not  explain  the  absorption  of  all 
Jluids  by  the  animal  tissues.  If  the  fluids  of  the  tissue  itself  are 
more  concentrated  than  those  to  be  absorbed,  such  as  fluids  collected 
in  the  pleura,  or  lungs,  the  passage  of  the  external  fluids  into  the 
parenchyma  will,  according  to  the  laws  of  endosmosis,  take  place 
more  readily  than  the  passage  of  the  fluids  of  the  tissue  outwards. 
But  if,  on  the  contrary,  the  external  fluid  is  equally  concentrated 
with  that  contained  in  the  tissue,  the  two  fluids  ought,  according  to 
the  laws  of  imbibition,  to  pass  through  the  niembrane  in  both  direc- 
tions with  equal  rapidity,  so  that  the  quantity  of  both  of  them  would 
remain  the  same;  and  if  the  fluid  of  the  tissue  is  the  less  concentrated 
of  the  two,  it  will  exude  in  greater  quantity  than  the  external  fluid 
will  be  absorbed,  so  that  the  quantity  of  the  latter  will  be  increased. 
Imbibition,  therefore,  does  not  explain  the  diminution  of  the  quantity 
of  fluids  by  absorption,  but  only  the  mingling  of  them,  as  in  the  case 
of  poisons  applied  to  the  surface  of  the  body,  &c.  For  a  collection 
of  fluid  in  the  pleura,  containing  albumen  and  salts  in  the  same  state 
of  concentration  as  these  substances  exist  in  the  blood,  would  not  be 
diminished  in  quantity  by  imbibition  alone;  there  would  be  merely 
an  interchange  of  the  saline  matters  contained  in  the  external  fluid 
and  in  the  blood,  while  the  bulk  of  the  former  would  remain  the 
same;  and,  if  the  saline  ingredients  were  in  a  more  concentrated  state 
in  it  tfian  in  the  blood,  its  quantity  would  even  become  increased. 

The  removal  of  collections  of  fluids  by  absorption  must  be  efi'ected 
in  many  cases  either  by  means  of  the  lymphatics,  independently  of 
imbibition  into  the  capillaries,  or  we  must  suppose  that  the  suction  of 
the  venous  blood  towards  the  heart  assists  the  absorption  by  the  ca- 
pillariea.    It  is  possible  that  the  process  of  endosmosis  may  be 


modified  by  a  peculiar  attraetioQ  ezmrted  by  the  tissues  on  the  floide 
circulatiDg  in  them;  aa  attractioDi  by  the  agency  of  which  the  fluids 
in  the  tissues  may  be  retained  while  the  external  fluid  is  absorbed,  so 
that  absorption  merely,  and  not  an  interchange  of  fluids^  as  is  the 
case  under  ordinary  circumstances,  is  the  result.  Water,  for  ex* 
ample,  would  have  a  tendency  to  diffuse  itself  in  the  blood  of  the 
capillaries;  but  the  blood  being  under  the  influence  of  the  mutual 
vital  process  which  is  going  on  between  it  and  the  capillary  vessels, 
would  have  no  tendency  to  difluse  itself  in  the  water.  The  red  par^ 
tides  of  the  blood  have,  as  we  have  already  seen,*  a  great  affinity 
for  water,  and  in  their  passage  through  the  capillary  vessels  they 
may  contribute  to  cause  its  ateorption. 

Jibsorptian  by  organic  aiiraciion. — The  question  whether  the 
blood  in  the  capillary  vessels,  or  these  vessels  themselves,  exert  on 
certain  substances  an  attraction  different  in  its  nature  from  any  de- 
termined by  physical  laws,  is  quite  distinct  from  the  one  above 
discussed.  There  is  only  one  part  of  the  body  in  which  this  kind  of 
attraction  certainly  exists,  and  that  is  the  capillary  system  of  the 
placenta.  The  existence  of  lymphatics  in  the  placenta  and  umbilical 
cord  being  quite  problematical,  the  transmission  of  nutritive  fluids 
from  the  mother  to  the  child  must  be  effected  by  means  of  the  captl- 
lary  vessels  of  the  placenta.  There  is  no  direct  commimication 
between  the  vessels  of  the  mother  and  those  of  the  fetus:  the  sole 
mode  in  which  the  uterine  arteries  terminate  is  by  becoming  ooa- 
tinuous  with  the  radicle  uterine  veins;  and,  on  the  other  hand,  the 
Antal  arteries  of  the  placenta  have  no  other  mode  of  termination  than 
in  the  commencing  fo&tal  veins  of  the  same  part.  Webert  has  given 
a  very  interesting  description  of  the  mode  in  which  the  placenta  and 
uterus  are  connected.  The  finest  ramifications  of  the  placental 
vessels  are  distributed  in  the  tufted  processes  on  the  maternal  surface 
of  the  placenta.  The  arteries  ramify  in  the  tufted  villi,  and  termi- 
nate at  the  extremities  of  the  villi  by  direct  inosculation  with  the 
radicles  of  the  placental  veins.  Bundles  of  these  tufts  of  villi  project 
into  the  cavities  of  the  large  veins,  in  which  the  maternal  blood  flows 
on  the  inner  surface  of  the  uterus.  From  this  arrangement  of  the 
tufts,  and  from  the  delicacy  of  the  coats  of  the  uterine  veins,  the 
fcBtal  blood  circulating  through  the  capillaries  of  the  placental  tufts  is 
freely  exposed  to  the  action  of  the  venous  blood  of  the  mother,  and 
probably  attracts  from  it  some  of  the  matters  dissolved  in  it. 

In  the  endosmosis  which  takes  place  between  the  foetal  and  ma- 
ternal blood,  more  matter  undoubtedly  is  received  by  the  festal  blood 
than  is  given  in  exchange  by  it  to  the  blood  of  the  mother.  It  is  an 
organic  and  vital  endosmosis  totally  difierent  in  the  laws  which  ve- 
gulate  it  from  the  chemical  process  of  imbibition  described  by 
Dutrochet.  In  ruminating  animals  the  tufts  or  villi  of  the  cotyledons 
of  the  ovum  are  not  imbedded  in  the  veins  of  the  uterus,  but,  like 
roots  in  the  ground,  in  she^th-like  cavities,  or  tubes,  hollowed  in  the 
substance  of  the  uterus.    All  these  excavations  in  the  uterus  are 

•  See  pagee  148-9.  f  HUdebrandl's  Aratoniie,  fid.  iv.  p.  406. 
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fined  with  capillaries  of  the  maternal  vessels;  while  the  capillaries  of 
the  foettis,  which  have  no  communication  with  those  of  the  mother, 
are  distributed  upon  the  tufts  of  the  cotyledons.  Here  the  matters 
which  are  to  be  absorbed. by  the  capillaries  of  the  foetus  must  first  be 
secreted  by  those  of  the  mother. 

Dots  the  action  of  the  heart  aid  absorption?— \i  is  still  matter  of 
doubt  whether  the  absorption  of  fluids  into  the  capillaries  by  means  of 
imbibition  is  aided  by  the  motion  communicated  to  the  blood  in  the 
veins,  and  so  to  that  in  the  capillaries  also,  by  the  sucking  action 
which  the  heart  exerts  in  the  dilatation  of  its  cavities.  The  motion 
of  the  bloody  however,  must  be  so  far  favourable  to  imbibition,  as  that 
it  removes  what  has  already  been  absorbed,  and  thus  renders  constant 
the  cause  of  the  endosmosis,— namely,  the  tendency  of  substances 
to  diffuse  themselves  through  fluids  till  they  are  equally  distributed. 
If  the  same  portion  of  blood  were  constantly  exposed  to  the  same 
part  of  the  tissues,  imbibition  would  after  a  time  necessarily  cease. 

Ir^uence  of  galvanism  on  imbibition, — Fodera*  has  observed 
that  absorption,  or  imbibition,  is  accelerated  by  the  action  of  galvan- 
ism. He  injected  prussiate  of  potash  into  the  pleura,  and  sulphate  of 
iron  into  the  abdomen.  Usually  five  or  six  minutes  elapse  before  these 
two  substances  combine;  but  their  combination  was  instantaneous 
when  a  slight  galvanic  current  was  passed  through  the  diaphragm. 
The  same  phenomenon  is  said  to  occur  when  one  fluid  is  introduced 
into  the  urinary  bladder,  and  the  other  into  the  abdomen,  or  one  into 
the  lung,  and  the  other  into  the  pleura.  The  nerves  have  no  influ- 
ence on  inorganic  imbibition;  there  was,  in  my  experiments,  no  per- 
eeptible  difference  in  the  absorption  of  poisons  whether  the  nervus 
vagus  had  been  divided  or  not. 

Changes  produced  in  the  matters  absorbed, — Matters  which  find 
their  way  from  the  intestines  into  the  circulation  by  permeating  the 
Goata  of  the  capillaries,  do  not  pass  directly  from  the  intestinal  veins 
into  the  vena  cava;  they  circulate  through  the  liver  before  reaching 
the  general  circulation.  Magendie  has  observed,  that  in  their  transit 
through  the  liver  the  properties  of  many  substances  are  altered. 
Thus,  if  a  grammet  of  bile,  or  a  considerable  quantity  of  atmospheric 
air,  is  injected  into  the  crural  vein,  immediate  death  is  the  conse- 
quence; while,  if  they  are  injected  into  the  vena  portse,  the  animal 
anffers  no  ill  effect.  Many  substances  undergo  a  change  in  the  intes- 
tines themselves.  Thus  the  poison  of  the  viper,  when  taken  into 
the  stomach,  produces,  according  to  Redi  and  Mangili,:^  and  Dr. 
Stevens,§  no  poisonous  effects;  and  the  saliva  of  hydrophobia,  ac- 
cording to  Coindet,||  does  not  exercise  its  infectious  property  when 
taken  into  the  alimentary  canal. 

Effect  qf  plethora  on  absorption, — Magendie  has  observed  that 
distension  of  the  blood-vessels,  with  an  excess  of  fluid,  diminishes  the 
activity  of  absorption.  By  the  injection  of  water  into  the  veins,  the 
ion  of  foreign  substances  by  the  membranes  with  which  they 


*  Joora.  de  Physiol,  iii.  p.  35.  t  About  15}  graint  avoirdopois. 

t  Meckel's  Arehlv.  iii.  1617,  p.  639.  $  On  the  Blood,  p.  137. 

I  FWiep's  Notis*  1883,  SepU  170. 
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were  brought  into  contaet  was  preveoted;  bat  after  tajdng  some 
blood  from  the  animal,  absorption  commenced  with  the  usiud  phe- 
nomena. Venesection,  on  the  contrary,  accelerated  the  process;  so 
that  phenomena,  which  ordinarily  did  not  ensue  till  after  two  minutes, 
appeared  in  half  a  minute. 

Jibsorption  by  the  skin. — Absorption  is  most  rapid  from  the  mu- 
cous membranes,  from  serous  membranes,  and  from  wounds;  it  is 
much  slower  from  the  skin  covered  with  epidermis.  The  most  exter- 
nal layer  of  the  organised  cutis  seems  indeed  to  possess  a  very  feeble 
absorbent  power:  this  may  perhaps  arise  from  its  secreting  homy 
matter.  Colouring  matter,  consisting  of  granules  or  grains  of  pow- 
der from  an  explosion,  having  found  their  way  into  cracks  of  the 
skin,  remain  during  the  entire  life  without  being  dissolved  or  ab- 
sorbed. Nitrate  of  silver  given  internally  for  a  considerable  time, 
imparts  a  blackish-slate  colour  to  the  skin,  probably  from  a  chemical 
combination  being  formed  between  the  silver  and  the  animal  matter. 
The  skin  covered  with  epidermis,  however,  is  certainly  endued  with 
an  absorbiug  power;  but  the  substances  to  be  absorbed  must  be 
either  in  solution,  or  readily  soluble  in  the  animal  fluids.  The  sub- 
ject of  absorption  by  the  skin  is  important,  both  on  account  of  the 
frequency  with  which  foreign  substances  come  into  contact  with  it, 
and  from  its  being  adapted  to  the  application  of  medicinal  substances. 
Seller  and  Ficinus  found  that  when  the  feet  of  horses  had  been 
moistened  with  solution  of  oxide  of  lead  in  liquor  potassae,  this  sub- 
stance could  be  detected  in  the  blood  and  chyle.* 

All  metallic  preparations  rubbed  into  the  skin  have  the  same  ac- 
tion as  when  given  internally,  only  in  a  less  degree.  Mercury 
applied  in  this  manner  cures  syphilis, and  excites  salivation;  tartrate 
of  antimony,  according  to  Letsom  and  Brera,  excites  vomiting;  and 
arsenic  produces  its  poisonous  effects.  Vegetable  matters,  also,  if 
soluble,  or  already  in  solution,  give  rise  to  their  peculiar  effects 
through  the  medium  of  the  skin.  Haller  states  that  white  hellebore 
laid  upon  the  abdomen  excites  vomiting,  and  that  violent  purging  is 
produced  by  washing  the  feet  with  a  decoction  of  either  the  white  or 
the  black  hellebore.  Sabadilla  seeds  applied  to  the  skin  were  found 
by  Lentin  to  excite  most  violent  cramps,  and  when  rubbed  on  the 
abdomen  to  cause  purging.  Cantharides  applied  to  the  skin  excite 
strangury;  and  narcotics  thus  applied  induce  the  usual  symptoms. 
Camphor,  Magendie  says,  can  be  detected  in  the  vapour  expired 
from  the  lungs;  oil  of  turpentine,  in  the  urine  by  the  violet  smell 
which  it  gives  to  that  fluid;  mercury,  in  the  blood,  saliva,  urine,  and 
milk,  according  to  filoch,  Autenrieth  and  Zeller,  and  Cantu,  and  in 
the  bones  also,  according  to  Fricke;t  prussiate  of  potash,  rhubarb, 
and  madder,  in  the  blood,  urine,  &c.;  each  of  these  substances  having 
in  the  respective  cases  been  applied  to  the  skin.    But  the  action  cf 

*  On  this  subjeet  eontoU  Westrainb,  Meckel's  ArehiT.  1897;  SewtlU  ibid.  ii. 
146.  And  Dr.  Madden*!  Experimental  Inquiry  into  the  Phyaiology  of  CoUpeoos 
Absorption,  Edinb.  1685. 

t  Horn's  Archiv.  1896,  459. 


xzYfiiiMsim.  259 

all  mediciDal  substances  and  poisons  applied  to  the  skin^  is  much 
more  powerful  if  the  cuticle  has  been  previously  removed. 

It  has  long  been  a  contested  question  whether  the  skin  covered 
with  its  epidermis  has  the  power  of  absorbing  water,  and  it  is  a 
point  difficult  to  determine,  because  the  skin  loses  water  by  evapo- 
lation. 

The  epidermis  is  certainly  hygroscopic,  and  swells  when  placed 
io  water.  The  experiments  of  Falconer,  Alexander,  and  others, 
which  consisted  in  weighing  the  body  and  the  water  in  baths,  appear 
to  me  unworthy  of  dependence.  Seguin*  and  Gurriet  could  dis- 
cover no  increase  of  weight  when  the  whole  or  part  of  the  body  was 
immersed  in  water;  and  those  experiments  in  which  colouring  matter 
or  pnissiate  of  potash  dissolved  in  the  water  of  a  bath  could  after- 
wards be  detected  in  the  urine,  by  no  means  prove  that  the  water 
was  absorbed.  Saline  substances  can  permeate  a  membrane  both 
aides  of  which  are  in  contact  with  water,  without  the  level  of  the 
water  on  either  side  undergoing  any  change. 

M.  Edwards^  has  proved  most  clearly  that  this  absorption  of 
'water  by  the  surface  of  the  body,  takes  place  in  the  lower  animals 
▼cry  rapidly  under  certain  circumstances.    Not  only  frogs,  which 
have  a  thin  skin,  but  lizards,  in  which  the  cuticle  is  so  very  much 
thicker  than  in  man,  after  having  lost  a  great  part  of  their  weight 
by  being  kept  for  some  time  in  a  dry  atmosphere,  were  found  to 
recover  both  their  weight  and  plumpness  very  rapidly  when  im- 
mersed in  water.     When  the  tail,  merely,  the  posterior  extremities 
and  hind  part  of  the  body  of  the  lizard,  were  immersed,  the  water 
absorbed  was  distributed  throughout  the  system.      M.  Edwards 
thinks  it  impossible  not  to  attribute  this  property  to  the  skin  of  man, 
if  the  scaly  skin  of  the  lizard  possesses  it.    In  M.  Seguin's  experi- 
ments there  was  a  loss  of  weight  during  the  immersion  in  the  bath, 
but  less  than  takes  place  during  the  same  period  in  the  air.    This 
result  M.  Seguin  attributed  to  an  arrest  of  the  cutaneous  transpiration 
wiiile  the  pulmonary  exhalation  was  uninterrupted.    M.  Edwards, 
however,  suggests  that  the  cutaneous  transpiration  was  not  arrested, 
bat  merely  balanced  by  absorption  of  water  from  the  bath.    It  is 
certain,  that  in  air  loaded  with  moisture  (for  example,  in  vapour 
baths),  the  exudation  from  the  surface  of  the  body  is  even  greater 
than  under  ordinary  circumstances,  but  it  is  difficult  to  prove  that 
the  same  process  goes  on  during  immersion  in  water.    However, 
whether  this  explanation  of  M.  Seguin's  experiments  be  admitted 
or  not,  we  have  some  direct  experiments  by  Dr.  Madden§  and  M. 
Berthold,  which  seem  to  prove  the  possibility  of  absorption  of  water 
by  the  skin.    Dr.  Madden  having  ascertained  by  means  of  an  accu- 
rate balance  the  loss  of  the  weight  by  cutaneous  and  pulmonary 
transpiration,  that  occurred  during  half  an  hour  in  the  air,  entered 
the  bath,  and  remained  immersed  during  the  same  period  of  time, 

•  Ann.  de  Chimie,  t  zc.  185;  t.  zcii.  33.— Meckers  Ajchiv.  iil.  p.  385. 

JMed.  Reports,  ch.  six. 
On  the  loflaenee  of  Physical  Agents  on  Life,  pp.  181—189. 
{  Loe.  eitat.  p.  68. 
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breathing  through  the  medium  of  a  tabe,  which  communicated  with 
the  air  exterior  to  the  room.  He  was  then  carefully  dried  and  again 
weighed.  Twelve  experiments  were  performed  in  this  manner;  and 
in  ten  there  was  a  gain  of  weight,  varying  from  2  scruples  to  5 
drachms  and  1  scruple,  or  a  mean  gain  of  1  drachmas  scruples  and  13 
grains.  The  loss  to  the  air  during  the  same  length  of  time  (half  an 
hour)  varied  in  ten  experiments  from  2)  drachms  to  1  ounce  2i 
scruples,  or  in  the  mean  was  about  6i  drachms.  So  that,  admitting 
the  supposition  that  the  cutaneous  transpiration  was  entirely  sus- 
pended, and  estimating  the  loss  by  pulmonary  exhalation  at  3 
drachms,  there  was  in  these  three  experiments  of  Dr.  Madden  an 
average  absorption  of  4  drachms,  1  scruple  and  3  grains,  by  the 
surface  of  the  body  during  half  an  hour.  In  two  experiments,  how- 
ever, Dr.  Madden  found  an  absolute  loss  of  weight,  which  in  one  case 
fer  exceeded  the  loss  that  ordinarily  occurs  in  the  air.  In  four  ex- 
periments performed  by  M.  Berthold,*  the  gain  in  weight  was  much 
greater  than  in  those  of  Dr.  Madden;  but  as  the  latter  gentleman 
states  more  precisely  the  precautions  taken  to  avoid  error,  his  results 
seem  to  be  entitled  to  greater  consideration. 

The  absorption  of  diflferent  kinds  of  gas  by  animal  tissues,  as  in 
the  process  of  respiration,  and  even  by  the  skin  itself,  is  placed  be- 
yond doubt  by  the  experiments  of  Abernethy,  Cruikshank,  Auten- 
rieth,  Beddoes,  and  Collard  do  Martigny.  In  these  cases,  of  course^ 
the  absorbed  gases  combine  with  the  fluids,  and  lose  the  gaseous 
form.  Several  physiologists  have  observed  an  absorption  of  nitrogen 
by  the  skin.  Beddoes  says  that  he  saw  the  arm  of  a  negro  become 
pale  for  a  short  time  when  immersed  in  chlorine;  and  Abernethy 
observed  that  when  he  held  his  hands  in  oxygen,  nitrogen,  carbonic 
acid,  and  other  gases  contained  in  jars  over  mercury,  the  volume  of 
the  gases  became  considerably  diminished. 

Interstitial  absorption, — It  is  still  a  matter  of  doubt  whether  the 
absorption  which  goes  on  in  the  substance  of  the  different  textures 
of  the  body  is  chiefly  performed  by  the  blood-vessels,  or  by  the 
lymphatics.  In  many  parts,  however,  in  which  the  existence  of 
lymphatics  has  never  been  demonstrated, — for  example,  in  the 
bones, — there  is  marked  evidence  of  absorption  going  on. 

In  many  other  cases  in  which  matters  are  absorbed  from  parts 
known  to  possess  lymphatics  as  well  as  blood-vessels,  it  is  quite  un- 
certain into  which  order  of  vessels  these  matters  are  first  received. 
This  is  the  case  in  the  following  instances: — The  reabsorption  of  the 
colouring  matter  of  the  bile  deposited  in  the  different  tissues  in  jaun- 
dice, and  the  absorption  of  accumulated  secretions,  such  as  bile  and 
urine,  into  the  circulation;  the  wasting  of  the  thymus  gland  during 
the  period  from  infancy  to  the  twelfth  year;  the  disappearance  of  the 
fat  from  the  body  generally  in  persons  fasting,  and  in  consumptive 
persons  also,  after  great  losses  of  the  fluids  of  the  body,  and  in  animals 
during  hybernation;  and  the  frequently  rapid  disappearance  of  warts 
from  the  fingers.    These  cases  of  absorption  are  not  all  of  the  same 

•  Mdller's  ArehiY.  1838,  p.  177. 
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kind.  The  true  interstitial  absorption  of  organised  tissues,  in  which 
the  particles  of  the  tissue  which  fill  the  meshes  of  the  capillary  net- 
work are  removed,  must  be  distinguished  from  the  cases  of  the  ab« 
sorption  of  fluids,  which  do  not  form  part  of  the  tissue,  and  have 
therefore  no  mutual  vital  action  with  the  blood-vessels.  In  the 
process  of  interstitial  absorption,  as  it  occurs  in  the  atrophy  of  the 
tail  of  the  tadpole,  and  of  the  pupillary  membrane  in  the  foetus,  and 
in  the  development  of  cells  in  the  bones,  the  most  essential  circum- 
stance, perhaps,  seem  to  be  a  solution  of  the  particles  which  occupy 
the  meshes  of  the  capillary  system.  The  matter  when  dissolved  may 
be  removed  by  imbibition  into  the  currents  of  blood,  or,  except  in 
the  case  of  the  bones,  by  absorption  by  the  lymphatics.  Of  all 
organised  parts,  the  bones  present  the  phenomena  of  interstitial 
absorption  in  the  most  remarkable  degree;  their  cells  are  developed 
in  the  child  long  after  the  bone  is  formed,  and  increase  in  size  by  the 
agency  of  the  same  process.  The  diploe  of  the  cranial  bones  dis- 
appears in  old  age,  and  the  bones  become  thinner.  The  frontal  and 
sphenoidal  sinuses  are  developed  in  the  period  of  youth.  Parts, 
however,  which  are  not  organised,  or  rather  not  vascular,  but  are 
only  in  connection  with  an  organised  matrix, — for  example,  the 
roots  of  the  teeth, — are  also  subject  to  absorption.  The  roots  of  the 
first  teeth  disappear  at  the  time  of  the  change  of  the  teeth;  and 
Soemmering*  has  observed  that  they  become  soft,  probably  in  conse- 
qneuce  of  solution  of  their  component  matter.  In  caries,  also,  which 
depends  on  an  abnormal  combination  of  their  components,  the  teeth 
axe  acted  on  by  the  fluid  of  the  mouth  and  softened.  It  is  still  un* 
known  whether  portions  of  dead  bone  which  remain  long  in  contact 
with  living  textures,  diminish  in  size.t 

When,  in  consequence  of  diseased  states  of  the  blood,  of  paralysis, 
or  other  causes,  nutrition  is  less  active,  the  interstitial  absorption  is 
BO  longer  counterbalanced,  and  the  part  wastes.  Whether  in  phthisis 
the  muscular  fibres  themselves  waste,  or  merely  the  cellular  mem- 
brane in  their  interstices,  is  uncertain;  thin  muscles,  however,  such 
as  the  platysma  myoides,  and  some  muscles  of  the  external  ear, 
seem  really  to  waste.  In  paralysis  the  wasting  of  the  muscles  is 
more  frequent;  and  Schroeder  van  der  Kolk  has  even  observed  their 
conversion  into  fat.  Cartilage,  bone,  brain,  and  nerves,  according 
to  Desmoulin's  and  Scbroeder's  researches,  do  not  waste  in  phthisis. 
When  the  cause  of  atrophy  is  general,  the  tissues  are  absorbed  in 
the  following  order;  fat,  cellular  tissues,  muscles,  bone,  cartilage,  and 
tendon.  Long-continued  pressure,  by  putting  a  stop  to  nutrition. 
may  cause  every  tissue  to  be  absorbed.  The  mode  in  which  pressure 
acts  in  causing  the  absorption  of  bone,  is,  however,  a  problem  still 
requiring  solution;  for,  if  the  cessation  of  nutrition  in  consequence  of 
the  pressure  were  the  sole  cause,  the  articular  heads  of  the  bones  of 

•  Vom  Baa  dew  Menachlichen  Korpera,  i.  $  836,  233. 

f  llie  recent  obtervations  and  experiinents  of  Mipucher  (De  inflam.  oasium, 
eoniroqae  anatom.  generali. — Berol.  1836),  and  of  Mr.  Gulliver  (Med.  Chir. 
Truiaaet.  v*  zxi.)v  are  unfavoarable  to  the  opinioo  that  dead  portieoa  of  bone  are 
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the  lower  extremities  ought  abo  to  be  absorbed.  Perhaps  a  tamonr 
affecting  all  surrounding  parts^such  as  an  aneurism,  or  fungoid 
tumour — excites  inflammation  of  the  bone,  as  well  as  of  other  parts; 
and  bone  when  inflamed  becomes  softened,  and  is  consequently  mora 
readily  susceptible  of  absorption  when  its  nutrition  happens  to  be 
interrupted  by  pressure.    Caries,  however,  is  not  produced  in  these  d 

cases.*    It  is  a  well-known  fact  that  iodine  favours  the  wasting  and  ^ 

absorption  of  organised  tissues.  H 

b.  Of  exhalation  and  exudation.  -^ 

Many  matters  dissolved  in  the  animal  fluids,  particularly  foreign 
substances  which  have  been  taken  up  into  the  circulation,  and  which  -i 

are  then  distributed  through  the  body  with  the  blood  in  their  original 
state,  or  more  or  less  altered,  are  afterwards  eliminated  from  the 
system  by  the  process  of  imbibition  and  endosmosis.  Prussiate  of 
potash,  having  entered  the  circulation  by  endosmose,  permeates  the 
tissues  which  form  the  surfaces  communicating  with  the  exterior, 
according  to  the  same  laws,  and  becomes  mingled  with  the  natural 
secretions.  In  this  way  it  soon  appears  again  in  the  most  various 
secreted  fluids;  in  the  urine,  for  instance,  it  may  be  detected,  accord- 
ing to  Westrumb.  in  from  two  to  ten  minutes  after  its  introduction 
into  the  body.  The  blood  impregnated  with  prussiate  of  potash, 
and  the  fluid  contained  in  the  cavities  of  the  secreting  organ, — for 
example,  the  urine  in  the  tubuli  urini/eri  of  the  kidney, — are  able^ 
in  accordance  with  laws  purely  physical,  to  impart  to  each  other 
the  substances  that  they  contain  in  solution  until  these  substances 
are  equally  difi'used  in  both.  In  jaundice,  almost  all  the  internal 
organs,  as  well  as  the  secretions,  become  impregnated  with  the 
colouring  matter  of  the  bile  which  is  contained  in  the  serum  of  the 
blood. 

Those  natural  or  accidental  ingredients  of  the  blood  which  are 
capable  of  assuming  the  gaseous  form,  unless  they  are  retained  by 
some  special  attraction  exerted  on  them  by  the  tissues,  may  evapo- 
rate from  the  free  surfaces  of  the  membranes  of  the  body. 

When  pressure  favours  their  passage  through  the  pores  of  the 
animal  membranes,  even  fluids  must,  in  accordance  with  physical 
laws,  force  their  way  into  the  free  cavities  filled  with  gas  or  vapour; 
— hence  the  efi'usion  of  fluids  in  the  animal  body  after  death  as  the 
effiect  of  mere  gravitation;  serum,  at  first  pure,  afterwards  with  the 
colouring  matter  of  blood  dissolved  in  it,  permeates  the  tissues,  and 
may  collect  in  the  difierent  cavities;  the  bile  exudes  from  the  gall- 
bladder, and  colours  the  parts  which  are  in  contact  with  it.  During 
life,  absorption  effected  by  an  attraction  of  a  vital  nature,  counter- 
balances this  transudation  of  fluid  through  the  membranes  of  the 
body;  but,  in  disease,  different  causes  destroy  the  balance  of  the  two 
processes,  and  then  the  water,  with  the  animal  matter  and  salts  dis- 
solved in  it,  collects  in  the  cavities  of  the  body  and  in  the  cellular 

^  On  thii  iDbjeet  consalt  Sehroeder  van  der  Kolk  in  Lnehtmann,  De  abtorptionis 
•an»  et  morbosc  discrimine.    Traj.  ad.  R.  1899* 
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membrane,  and  gives  rise  to  the  appearances  of  anasarca  or  oedema, 
and  albuminous  urine.  Obliteration  of  tiie  great  venous  trunks  of 
the  viscera  or  of  the  extremities,  gives  rise  to  exudation  of  aibumi- 
noas  fluid  into  the  surrounding  serous  sacs  or  into  the  cellular  mem- 
brane, particularly  of  the  inferior  extremities;  and  artificial  dropsy 
of  the  cellular  membrane  may  be  produced,  as  fiouillaud  has  shown, 
by  tying  the  great  venous  trunks.  The  dropsies  occurring  in  conse- 
quence of  degeneration  of  the  viscera,  may  also  possibly  be  partly 
dependent  on  the  circulation  through  the  viscera  being  obstructed. 
The  exudation  of  the  fibrinous  fluid  in  inflammation  might  be  ex- 
plained in  the  same  way;  but  the  quality  of  the  exuded  matter 
depends  on  other  causes. 

The  foregoing  observations  would  seem  to  show  that  the  exhala- 
tion of  vapour,  and  exudation  of  fluid,  are,  even  in  the  living  body, 
the  result  of  the  purely  physical  laws  of  imbibition,  endosmosis,  and 
pressure;  but  that  is  not  the  case.  If  exudation  during  life  were 
solely  under  the  influence  of  these  physical  laws,  all  the  ingredients 
of  the  fluids  would  escape  equally;  but  the  matter  which  permeates 
the  tissues,  and  is  exhaled  or  exuded,  often  consists  of  a  part  only 
of  the  substances  which  are  contained  in  solution  in  the  blood.  Thus, 
in  inflammation,  the  matter  which  exudes  through  the  membranes,  is 
the  fibrin  which  the  serum  of  the  blood  holds  in  solution;  while,  on 
the  contrary,  in  dropsies, — such  as  are  produced,  for  example,  by 
obstruction  to  the  return  of  venous  blood,-— the  fibrin  does  not  exude; 
the  exudation  is  merely  an  albuminous  fluid.  There  must,  then, 
under  ordinary  circumstances,  be  some  force  in  action  which  pre- 
vents the  escape  of  fibrin  from  the  vessels,  but  which  in  inflamma- 
tion is  rendered  inert;  and  this  force  must  be  an  affinity  or  attraction 
subsisting  between  the  parenchyma  and  the  fibrin,  but  not  between 
the  parenchyma  and  the  albuminous  serum,  which  therefore  in 
anasarca  is  allowed  to  escape.  At  the  commencement  of  inflamma- 
tion, as  observed  in  a  wound,  or  after  the  application  of  a  blister, 
serum  merely  is  efi'used;  when  the  inflammation  becomes  more  vio- 
lent, the  fibrinous  part  of  the  blood  also  exudes. 

It  is  most  probable  that  there  are  similar  differences  in  the  exha- 
lation of  fluids  in  the  gaseous  form,  for  instance,  from  the  skin;  and 
that  not  every  part  of  the  fluids  of  the  body  which  is  capable  of 
annming  the  form  of  vapour,  is  really  exlialed  from  the  surface  of 
the  membranes.* 

Secretion. — The  elimination  of  many  substances  from  the  blood 
cannot  be  explained  according  to  the  laws  of  endosmosis.    The  urea, 

*  M.  Magendie  {Le^om  ttir  le»  PhhwmiruM  phynque*  de  la  Vie,  Paifs,  8to.  tt.  ii* 
and  ill.  and  Compta  Btndtu,  1838)  itatea,  aa  the  reault  of  numeroua  experiments, 
thatwheo  water,  or  a  aiibatance  which  deprivea  the  blood  of  ita  property  of  coafira- 
lating  ipontaneoual ?,  ia  injected  into  the  vessels  of  an  animal,  or  when  the  blood  la 
extracted,  robbed  of  ita  fibrin  by  stirring,  and  then  reatored  to  the  vessels,  eflfusiona 
of  senna  or  blood,  and  eongeations  take  place  in  diflferent  parts  of  the  body,  but  par- 
doolarly  in  the  langs.  This  accords  with  what  is  observed  in  many  diseases  in 
tha  human  sabject,  in  which  the  blood  is  known  to  be  in  a  state  of  diminished 
eoagalability;  but  it  does  not,  as  M.  Magendie  sapposes,  afford  an  explanation  of 
all  tno  loeaf  inflammations  that  ooonr  in  tha  different  febrile  *'~ 
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fyr  example,  which  has  been  proved  to  exist  already  ormed  in  tbt 
blood  itseif,  is  nevertheless  excreted  by  no  other  part  of  the  body 
than  tlie  kidnejrs. 

Other  excretions,  derived  from  the  blood,  are  formed  only  under 
certain  local  conditions.  This  is  the  case  with  the  menstrual  flnx, 
which,  according  to  the  observations  of  Lavagna,  Tonlmonoht^ 
Brande,.and  myself,  contains  no  fibrin;  the  clots  which  form  in  it  are 
soft,  and  consist  principally  of  red  particles  alone.  Brande  is  cer- 
tainly wrong  in  saying  that  the  menstrual  fluid  is  merely  a  conceti-> 
trated  solution  of  the  red  colouring  matter  of  the  blood;  I  have  found 
ted  particles  in  it  perfectly  unchanged  in  appearance.  It  must  tbene- 
fore  be  supposed  that,  at  the  period  of  menstruation,  the  texture  ot 
the  vessels  of  the  uterus  becomes  so  loose  as  to  allow  the  escape  of 
the  red  particles.  There  are  no  open  mouths  of  veins  in  the  uteroe 
any  more  than  in  other  parts  of  the  body. 

In  the  cases  also  in  which  the  blood  itself  escapes  slowly  from  Che 
surface  of  membranes,  by  what  is  called  exhalation,  secretion,  <n 
^  diapedesis,"  there  is  more  than  a  simple  secretion  or  transudatioi^ 
the  coats  of  the  vessels  must  be  changed  in  texture,  and  in  many 
cases,— as  for  example,  in  hsemoptysis  and  in  the  bloody  expectom^ 
tion  which  accompanies  inflammation  of  the  lungs,— if  not  in  all, 
there  is  rupture  of  the  minute  vessels  or  capillaries.  The  observa- 
tions of  Wedemeyer,*  however,  render  it  probable  that,  under  par- 
ticular circumstances,  the  colouring  matter  of  the  red  particles  may, 
even  in  living  animals,  be  dissolv^  in  the  serum,  and  thus  give  rise 
to  a  coloured  efiusion.  Having  injected  a  considerable  quantity  of 
warm  water  into  the  veins  of  horses,  he  found  that  exudation  of 
serum  of  a  red  colour,  took  place  from  the  nostrils,  and  into  the  ab- 
dominal cavity.  The  colouring  matter  of  the  red  particles  is,  it  is 
known,  soluble  in  water;  and  in  scurvy,  purpura,  and  after  the  bite 
of  poisonous  snakes,!  it  seems  to  be  dissolved  in  the  serum.  A  cer- 
tain talented  physician  supposes  (he  exhalation  of  blood  or  ^  diape- 
desis,'' of  which  we  have  spoken  above,  to  be  a  mere  exudation  of  a 
solution  of  colouring  matter  without  any  entire  red  particles.  This 
is  a  difficult  matter  to  prove,  and  until  proved  cannot  be  admitted  as 
a  fact.  Even  the  bloody  appearance  of  the  serum  of  the  blood  in 
scurvy  may  arise,  not  from  cruorine  being  dissolved  in  it,  but  from 
its  containing  a  few  red  particles  difi'used  through  it,  which  is  very 
likely  to  happen  when  blood  does  not  coagulate  firmly. 

The  globules  of  secreted  fluids  must  be  formed  at  the  moment  that 
the  secretions  are  separated  from  the  blood;  they  cannot  have  passed 
entire  through  the  coats  of  the  vessels.  The  globules  of  pus,  for 
instance,  which  are  larger  than  the  red  particles  of  the  blood,  and 
in  part,  according  to  Weber,  twice  as  large,  cannot  be  those  bodies 
merely  changed  in  some  way.  They  must  either  be  particles  of  the 
tissue  separated  from  the  suppurating  surface,  or  they  must  be  formed 
at  the  moment  of  the  elimination  of  the  secretion,  as  the  observation 


•  Uaber  den  Kroishaf.    Hasaoivef,  18S8;  p. -463. 
t  Afilesiisihrs  PiijMtl«ii..lM. 
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of  Brngmans  and  Autenrieth,  that  pus,  when  first  formed,  is  a  thin 
and  clear  fluid,  would  seem  to  indicate.  The  elimination,  by  the 
Jridneys,  of  globules  of  pus  which  had  found  their  way  into  the  blood, 
11  quite  an  impossibility;  the  proximate  components  only  of  the  pus 
in  a  state  of  solution  can  be  eliminated  from  the  blood,  the  globules 
mast  be  formed  from  these  components  afterwards.  With  the  ex- 
eeption  of  the  oil  globules  of  the  chyle  and  milk,  the  microscopic 
bodies  contained  in  the  different  secretions  seem  to  be  merely  parti- 
cles of  epithelium  detached  from  the  mucous  surface,  and  mixed  with 
the  secreted  fluids.  The  bodies  having  all  the  characters  of  pus 
globules,  which  are  found  in  the  fluids  secreted  from  all  mucous 
membranes  when  suffering  under  inflammation  or  mere  irritation, 
would  likewise  appear  to  be  formed  by  the  cells  of  epithelium  un- 
dergoiDg  a  morbid  change  during  their  period  of  development.  M. 
Henle,  indeed,  regards  them  as  cells  of  epithelium,  of  which  the  de* 
Teiopment  has  been  merely  arrested  at  an  early  stage.  The  origin 
of  the  similar  pus-like  bodies  which  are  excreted  with  the  urine  and 
contribute  to  render  it  turbid  in  many  affections  of  the  kidney,  and 
particularly  in  inflammatory  states  of  that  organ,  is  most  probably  the 
■uncy  they  being  formed  in  the  urinary  canals  in  the  place  of  the 
normal  epithelium.*  The  relation  which  exists  between  the  parti- 
cles of  epithelium,  mucus,  and  pus,  and  the  mode  of  their  formation, 
has  been  more  fully  considered  in  the  chapter  on  the  Growth  of  the 


SECTION  III. 
OP  THE  LTMPH  AND  THE  LYMPHATIC  VESSELS. 

CHAPTER  L 

0/  the  Lymph, 

The  lymph  is  the  fluid  contained  in  the  lymphatic  vessels;  its  ap- 
pearance, as  observed  by  Professors  Wutzer  and  Nasse,  and  myself, 
18  that  of  a  transparent,  pale  yellow  fluid;  it  has  generally  no  tint  of 
red,  unless  some  of  the  red  particles  of  the  blood  are  accidentally 
mixed  with  it.  In  the  frog  it  is  perfectly  transparent,  and  has  not 
even  a  yellowish  tint.  Lymph  is  devoid  of  smell,  is  slightly  alkaline, 
and  has  a  saline  taste.  On  examining  the  lymph  in  a  human  sub- 
ject, exuded  from  a  wound  in  the  dorsum  of  the  foot,  I  perceived, 
through  a  microscope,  that,  although  a  clear  transparent  fluid,  it  con- 
tuned  a  number  of  colourless  globules,  which  were  much  smaller 
and  much  fewer  in  number  than  the  red  particles  of  the  blood. 

*  See  Voffel,  Uber  Eiter,  Eitemng,  and  d.  verwandt,  Vorgange,  Erlangen,  8. — 
Hente,  Mdller's  Arehiv.  1839.  Jahresbericht,  p.  zviii.  et  seqaent.  and  Hufeland*8 
Joonud,  May,  1838;  and  Gluge,  Anatomisch.  Mikroakop.  Unteriach.  MindoD, 
1838. 
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These  globules  were  visible  even  after  the  lymph  had  been  coaga* 
lated.  The  coagulation  consists  of  a  white  fibrous  tissue,  qaite 
homogeneous,  slightly  transparent,  and,  as  far  as  could  be  observed, 
did  not  consist  of  globules.  These  observations  prove,  that,  althoagh 
the  lymph  really  contains  globules,  the  fibrinous  part  exists  in  a  state 
of  solution.  The  lymph  of  the  intestines,  chyle,  when  it  contains 
matter  just  absorbed  from  the  digested  food,  is  always  more  or  leas 
turbid,  and  has  a  yellowish  gray  or  whitish  colour,  arising  from  the 
presence  of  a  great  number  of  globules:  it  is  then  called  chyle. 

Analysis  of  lymph  and  chyle, — The  occurrence,  says  Dr.  Baly, 
of  a  similar  case  to  that  above-mentioned,  at  Halle,  has  afforded  to 
MM.  Marchand  and  Colberg  the  opportunity  of  analysing  chemically 
lymph  of  the  human  subject.  In  its  general  characters  it  resembled 
that  described  by  Professor  MUller,  was  strongly  alkaline,  and  con- 
tained 3*074  per  cent,  of  solid  matter.  In  1000  parts,  5-20  were  fibrin; 
4*34  albumen;  3*12  osmazome  and  loss;  2*64  oily  and  crystalline  fiitty 
matter;  15*44  chlorides  of  sodium  and  potassium,  carbonate  and  lac- 
tate of  an  alkali,  sulphate  of  lime,  phosphate  of  lime  and  oxide  of 
iron,  and  969-26  water.* 

The  following  is  the  composition  of  the  lymph  of  the  horse,  accord- 
ing to  Lassaigne's  analysis: — 

Water,             ........  99*500 

Fibrin,        ........  0*390 

Albumen,          ........  5*736 

Chlorides  of  sodium  and  potassium,  witli  soda  and  phosphate  of  lime,  1*434 


100^000 

Tiedemann  and  Gmelin  state  that  the  lymph  contains,  besides 
the  above  ingredients,  salivary  matter,  osmazome,  carbonates,  sul- 
phates, muriates,  and  acetates  of  soda  and  potash,  with  phosphate  of 
potash. 

The  chyle  differs  from  lymph  in  several  particulars.  It  contains 
uncombined  fatty  matter  which  is  not  present  in  lymph.  The  pro- 
portion of  the  solid  ingredients  is  greater  in  the  chyle;  Tiedemann 
and  Gmelin  obtained  0-37  parts  of  dry  fibrin  from  100  parts  of  chyle 
taken  from  the  lacteals  of  the  mesentery  of  the  horse,  while  from  the 
same  quantity  of  lymph  from  the  lymphatics  of  the  pelvis  they  ob- 
tained only  0*13  parts.  The  chyle  also  contains  more  globules  than, 
the  lymph,  and  is  more  opaque.  The  globules  of  the  lymph  are  very 
few  in  number,  and  hitherto  have  been  quite  overlooked;  Dr.  H. 
Nasse  and  I  have,  however,  seen  them  in  the  lymph  of  man,  and  I 
have  seen  them  repeatedly  in  the  lymph  of  frogs.  It  appears,  also, 
that  hitherto  human  lymph  had  never  been  examined.  The  fluid 
which  Soemmering  took  from  "varices"  of  lymphatic  vessels,  did  not 
coagulate,  and  could  not  have  been  lymph. 

The  lymph  of  frogs  recently  caught  contains,  very  scantily  dif- 
fused in  it,  globules,  which  are  about  one-fourth  the  size  of  the  red 
particles  of  the  frog's  blood.  They  are  globular,  while  the  red  parti- 
cles of  the  blood  are  elliptic  and  flattened.    In  dividing  the  skin  of 

•  MoUer's  Arohir.  1838,  p.  189. 
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the  frog's  thigh,  blood-vessels  are  necessarily  cut;  hence  some  of  the 
elliptic  particles  of  the  blood  will  appear  in  the  lymph  when  ex* 
amined  with  the  microscope;  their  number,  however,  is  so  small 
that  they  do  not  prevent  the  lymph  from  being  perfectly  clear  and 
colourless. 

The  lymph  of  the  frog,  which  may  be  thus  easily  obtained,  agrees 
so  nearly  with  that  of  man,  that  we  can  at  any  time  demonstrate  at 
lecture  the  principal  qualities  of  this  fluid. 

Hitherto  no  medical  man  could  be  upbraided  if  he  had  never  seen 
lymph,  although  it  is  so  much  spoken  of  by  pathologists  and  phy- 
sidana.  They  have,  indeed,  been  so  ignorant  of  its  nature,  that  the 
name  of  lymph  has  been  given  to  very  different  fluids.  Not  merely 
exudations  containing  fibrin  and  albumen,  but  even  the  secretions 
of  sores  and  puriform  matters,  and  especially  all  matters  the  nature 
of  which  was  not  exactly  known,  have  been  called  lymph. 

The  lymph  globules  vary  very  much  in  size,  but  the  nuclei  main- 
tain in  all  nearly  the  same  dimensions.  These  observations  render 
it  probable  that  the  globules  of  the  lymph  are  cells  or  vesicles  gradu- 
ally developed  around  a  nucleus.  The  observation  of  M.  VVeber, 
vhich  the  translator  can  confirm,  that  they  are  elastic,  and  like  the 
red  particles  of  the  blood  undergo  changes  of  form  when  they  meet 
with  obstacles  to  their  course  in  the  capillaries,  is  in  favour  of  this 
opinion. 

In  the  lymph  of  the  frog  it  can  be  seen,  even  more  distinctly  than 
in  that  of  man,  that  the  clot  is  formed  by  the  coagulation  of  the  fibrin 
which  was  previously  in  solution,  and  that  the  globules  of  the  lymph 
have  no  share  in  the  act.  The  albumen  of  the  lymph  is  coagulated 
by  the  ordinary  reagents.  It  is  remarkable  that  not  only  the  lymph 
of  the  frog  is  rendered  turbid  by  the  addition  of  liquor  potasssB  in 
large  quantities,  and  that  albumen  is  immediately  precipitated  from 
the  lymph  of  Mammalia  on  adding  liquor  potassse;  but  that  the  albu* 
men  is  precipitated  even  from  a  small  quantity  of  the  serum  of  the 
blood  when  liquor  potassas  is  added  in  large  quantity.  The  liquor 
potassse  must,  however,  be  quite  concentrated. 

Colour  of  the  lymph  and  chyle, — The  lymph  seems  to  be  colour- 
less in  most  parts  of  the  body  under  ordinary  circumstances,  but  it 
has  sometimes  been  seen  of  a  reddish  colour:  both  Magendie,  and 
Tiedemann  and  Gmelin,  observed  this  colour  in  the  lymph  of  ani- 
mals which  had  fasted;  and  in  the  lymphatics  of  the  spleen,  the  lymph 
has  frequently  a  red  tint.  This  colour  of  the  lymph  of  the  spleen 
has  been  observed  by  Hewson,  Fohmann,  and  Tiedemann  and 
Gmelin.  Seller  perceived  it  but  rarely,  and  Rudolphi  thought  it  was 
accidental.  I  have,  however,  repeatedly  examined  the  spleen  of  the 
ox  in  the  slaughter-house;  and,  among  the  numerous  large  lympha- 
tic vessels  running  on  the  surface  of  the  organ,  have  always  found 
some  in  which  the  lymph  had  a  dirty  reddish  colour.  Hewson 
thought  that  this  tint,  which  is  very  slight,  was  dependent  on  the 
presence  of  some  red  particles  of  the  blood;  but  I  am  rather  inclined 
to  believe  that  it  is  owing  to  some  of  the  colouring  matter  of  the 
blood,  in  the  highly  vascular  tissue  of  the  spleen,  having  been  dis- 
solved by  the  lymph* 
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The  chyle  is  almost  alwa3rs  more  opaque  than  the  lymph  of  the 
same  animal.  The  opacity  of  the  chyle  seems  to  be  dependent  on 
the  globules  that  it  contains.  In  Mammalia  it  is  generally  whitish, 
particularly  after  fat  or  animal  food  has  been  taken.  In  birds  it  is 
not  white,  and  is  more  transparent.  The  chyle  of  the  thoracic  duct 
has,  in  the  horse,  a  reddish  tint,  which  is  more  rarely  seen  in  other 
animals.  When  the  red  tint  exists,  it  is  deepened  by  exposure  to 
the  air. 

Nature  and  source  of  the  globules  of  the  chyle  and  lymph, — The 
globules  of  the  chyle  of  Mammalia,  at  least  those  of  the  rabbit,  cat, 
dog,  calf,  and  goat,  which  I  have  myself  examined  by  means  of  the 
microscope,  are  not  flattened  like  the  corpuscules  of  the  blood;  they 
are  globular.  Prevost  and  Dumas  found  the  diameter  of  the  glo- 
bules of  the  chyle  to  be  ttVt^^  ^^  ^^  mchj  that  is,  something  more 
than  one  half  the  size  of  the  red  particles  of  the  blood  in  man.** 

The  globules  of  the  lymph  must  be  derived  either  from  particles 
cast  oflf  from  the  tissue  of  the  organs  during  the  process  of  absorp- 
tion, or  they  must  be  formed  in  the  lymph  itself  aAer  it  is  absorbed. 
There  are  no  proofs  to  show  that  the  globules  of  the  chyle  are  de- 
veloped in  the  lacteals.  If  they  are  formed  in  these  vessels,  it  must 
be  in  the  network  which  is  contained  in  the  coats  of  the  intestine, 
and  from  which  the  larger  lacteals  arise;  for  I  have  found  the 
globules  even  in  chyle  taken  from  those  lacteals  which  run  on  the 
surface  of  the  intestines  in  the  calf,  in  which  animal  these  vessels, 
when  filled  with  chyle,  are  very  visible. 

The  presence  of  globules  in  the  chyle  might  be  explained  even 
without  the  necessity  of  permeation  of  the  coats  of  the  lymphatics, 
and  without  pores  existing,  if  Doellinger's  hypothesis  were  adopted. 
Doellingert  supposes  that  the  villi  of  the  intestines  are  constantly 
undergoing  solution  in  their  interior,  so  as  to  form  the  chyle  of  the 
lacteals,  while  they  are  reproduced  on  their  external  surface  by  the 
Aggregation  and  apposition  of  particles  from  the  chyle  contained  in 
the  intestines,  in  the  same  way  as  the  germinal  membrane  of  the 
embryo  grows  by  the  apposition  of  the  particles  of  the  yolk.  There 
are  facts,  however,  which  render  this  hypothesis  improbable.  The 
absorption  of  milk,  and  consequently  of  globules  into  the  blood,  is 
rendered  in  some  measure  probable  by  a  circumstance  noticed  by 
Schlemm.  He  has  observed  that,  for  a  certain  time  after  sucking, 
the  blood  of  kittens  is  sometimes,  but  not  always,  of  a  yellowish  red 
colour,  and  separates,  when  it  coagulates,  into  a  red  clot  and  a  milk- 
white  serum.  Rudolphi  and  I  have  verified  this  observation,  and 
it  has  been  confirmed  by  Mayer.^  Rudolphi  and  Mayer  assert  that 
it  is  the  case  also  in  young  puppies.  I  have  made  the  experiment 
but  once  on  puppies;  the  result  did  not  confirm  Rudolphi's  and 
Mayer's  assertion.  It  seems,  then,  that  in  young  animals  the  glo- 
bules which  cause  the  white  colour  of  the  milk  are  really  absorbed 
into  the  lacteals.    All  the  milk,  of  course,  cannot  be  absorbed  in  this 

*  See  E.  H.  Weber'a  remarks  in  Hildebrandt*i  Anat.  t.  i.  p.  160. 
t  Froriep*!  NoUa.  i.  N.  9.  t  Ibid.  N.  536,  565. 
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way;  for  a  portion,  as  Mayer  remarks,  is  coagulated  in  the  stomach. 
Kastner*  repeated  Schlemm's  experiment  without  obtaining  the 
same  resultt 


CHAPTER  IL 

OF   THE   MODE   OF   ORIGIN   AND   STRUCTURE   OF   THE   LYMPHATIC 

VESSELS. 

a.  Of  the  arrangement  and  structure  of  the  radicle  lymphatics. 

The  most  important  researches  of  earlier  writers  on  the  structure 
of  the  lymphatics,  are  contained  in  the  collection  of  the  works  of 
Mascagni,  Cruikshank,  and  others,  edited  by  Ludwig.  More  re- 
cently, this  department  of  anatomy  has  been  much  advanced  by  the 
distinguished  labours  of  Fohmann,J  Lauth,§  and  Panizza.|| 

The  forms  in  which  the  absorbents  take  their  rise  may  be  seen, 
in  preparations  of  these  vessels  injected  with  mercury,  to  be  two: — 

First y  as  a  network,  of  which  the  meshes  are  sometimes  oblong, 
sometimes  more  equilateral.  The  meshes  are  sometimes  smaller 
even  than  the  diameter  of  the  minute  lymphatics  which  form  them; 
and  if,  where  the  network  is  so  very  close,  the  vessels  are  at  the 
same  time  very  irregular  in  size,  the  structure  may  to  the  superficial 
observer  have  the  appearance  of  aggregated  cells,  though  the  parts 
that  look  like  cells  are  merely  inequalities  and  slight  dilatations  of 
the  vessels.  In  other  parts,  where  the  meshes  are  larger,  the  reticu- 
lated structure  is  immediately  evident.  The  diameter  of  the  vessels 
varies  very  much;  but  they  are  never  so  minute  as  the  capillary 
blood-vessels,  and  I  am  acquainted  with  no  absorbent  vessels  which 
are  not  visible  to  the  naked  eye. 

T%e  second  form  in  which  the  absorbents  take  their  rise  is  that 
of  small  cells,  more  or  less  regular,  and  communicating  one  with 
another.  Such  appeared  to  me  to  be  the  structure  of  the  injected 
lymphatics  of  the  umbilical  cord,  and  of  those  of  the  cornea,  the 
nature  of  which,  however,  is  doubtful.  This  was  also  the  appear- 
ance of  the  lacteals  in  the  calf,  which  I  injected  by  forcing  mercury 
into  one  of  the  trunks  which  were  issuing  from  the  intestines,  filled 
with  chyle,  in  a  retrograde  direction,  so  as  to  overcome  the  resist- 
ance offered  by  the  valves.  I  succeeded  tolerably  well  in  one  case 
by  forcible  injection.  The  great  number  of  cells  which  are  by  this 
means  filled  with  mercury  suggests  the  idea  that  the  absorbents  take 
their  rise  in  the  cells  of  the  cellular  tissue  itself.  Fohmann,T  indeed,  is 

*  Dts  Weisse  BlaU    Erlangen.  1833. 

A  &rther  account  of  the  chyle  is  ffiven  in  the  Section  on  Digestion. 

Dat  Saugaderaystem  der  Wirbelthiere.  i.  Heft.    Heidelberg,  1827,  fol. 

Essai  sar  lea  vaiaseaax  Lymphatiquea.    Strasb.  1824.    Ann.  dea.  Sc.  Nat. 
t.  ni. 
I  Ouervasioni  Antropo-zootomico-fisiologiche.    PaTia,  1833. 
f  Hedemann's  Zeitschrift  fiir  pbyaiologie,  it.  3. 
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of  opinion  that  what  we  call  cellular  tissue  consists  merelyof  l7mpbatie 
vessels.  This,  however,  appears  to  me  very  doubtful.  The  identity 
between  the  cells  that  I  have  described  and  lymphatics  is  especially 
problematical  in  those  parts  in  which  the  cells  are  more  particularly 
met  with,  and  in  which  none  of  the  long  and  regular  lymphatic 
vessels  occur,  as  is  the  case  in  the  umbilical  cord  and  cornea.  From 
having  compared  good  injections  of  lymphatics  with  other  specimens 
in  which  the  injection  has  not  succeeded  so  well,  and  from  some  ex* 
periments  of  my  own,  I  am  inclined  to  believe  that  many  of  what 
are  called  the  cellular  lymphatic  radicles  are  not  really  lymphatics, 
and  that  the  general  form  in  which  the  radicle  lymphatics  exist,  even 
where  these  vessels  are  most  numerous,  is  that  of  a  close  and  often 
regular  network. 

Do  the  lacteab  commence  by  open  mouths f — The  lacteals  of  the 
small  intestines  arise  partly  in  the  villosities;  but  they  also  commence 
in  the  whole  surface  of  the  mucous  membrane  of  the  intestinal  canal. 
When  the  lacteals  are  injected  with  mercury,  none  of  the  metal 
escapes  from  the  surface  of  the  mucous  membrane.  The  villi  also 
are  not  perforated  at  their  extremity,  as  LieberkQhn,  Cruikshank, 
Hedwig,  and  Bleuland,  incorrectly  supposed.* 

I  have  found  that  if  a  portion  of  fresh  sheep's  intestine,  removed 
with  the  mesentery,  and  tied  at  one  extremity,  is  strongly  distended 
with  milk  by  means  of  a  syringe,  the  lacteals  immediately  become 
filled,  and  the  milk  moves  very  rapidly  through  them;  for  if  any  of 
the  lacteals  are  emptied  by  pressing  onwards  their  contents,  they  are 
seen  to  re-fill  immediately  with  milk  from  the  intestine,  particularly 
if  the  intestine  is  compressed  at  the  same  time.  If  the  passage  of 
the  milk  into  the  lacteals  in  this  experiment  were  efiected  without 
any  previous  laceration  of  the  mucous  surface,  it  would  be  an  im- 
portant fact.  But  in  every  case,  however,  in  which  the  lacteals 
become  injected  by  this  procedure,  there  seems  to  be  laceration  of 
the  mucous  membrane  at  some  point;  for  the  lacteals  fill  suddenly; 
and,  on  examining  afterwards  the  inner  surface  of  the  intestine, 
there  is  frequently  found  a  spot  here  and  there,  where  the  mucous  ' 
membrane  has  lost  its  integrity.  Consequently  I  attribute  no  im« 
portance  to  these  experiments,  in  reference  to  the  question  of  the 
existence  of  openings  in  the  extremity  of  the  villi.  I  observed  the 
phenomenon  in  no  other  animal  than  the  sheep. 

It  still,  however,  remains  an  undecided  question  whether  the  glo- 
bules of  the  chyle  enter  the  lacteals  already  formed.  The  varying 
opacity  of  the  chyle,  according  to  the  difference  of  the  food  taken,  is 
the  chief  argument  in  favour  of  the  globules  being  derived  from  the 
cavity  of  the  intestine,  and  not  afterwards  formed  in  the  lacteals. 
But  where  are  the  openings  by  which  they  enter  these  vessels? — for 
they  must  require  larger  pores  than  those  by  which  all  soft  tissues, 
and  even  the  walls  of  the  capillaries,  are  rendered  permeable  to 
water  and  matters  in  solution,  but  which  are  too  minute  to  allow  the 

*  See  Rudolphi,  Anatemttek-phytld.  Abhandloagw;  and  Albrecht  Mednl,  in 
Meckel*B  Archiv.  t.  y. 
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escape  of  the  red  particles  of  the  blood  from  the  capillaries.  All 
good  observers  agree  that  there  are  no  visible  openings  in  the  villi  of 
Sie  intestines;  and  I  have  myself  repeatedly  examined  the  villi  of 
the  intestines  of  the  calf,  ox,  rabbit,  hog,  and  cat,  without  having 
even  perceived  any  perforation  in  their  extremity.  No  opening 
certainly  exists  at  that  part  of  the  viliL 

Structure  of  the  intestinal  villi. — The  viUi  of  the  intestines  are 
short  processes,  a  quarter  of  a  line  to  a  line,  or  at  most  a  line  and 
two-thirds  in  length,  rising  from  the  surfoce  of  the  mucous  membrane, 
and  giving  this  membrane,  when  magnified,  the  appearance  of  a 
thick  fleece.  Their  form  is  sometimes  cylindrical,  sometimes  lamellar, 
and  frequently  pyramidal. 

Rudolphi  at  first  believed  that  the  villi  were  devoid  of  blood-vessels, 
and  A.  Meckel  imagined  that  all  the  injection  which  entered  them 
did  so  by  imbibition  or  extravasation.  Meckel  could  not  have  had 
before  him  good  preparations  of  injected  villi  when  he  came  to  this 
conclusion.  Not  only  can  the  vessels  of  the  villi  be  beautifully  shown 
by  injection,  as  Doellinger,  Seller,  and  Lauth  have  described  and 
represented,  bnt  I  have,  with  the  naked  eye  as  well  as  with  a  lens, 
seen  them  filled  with  blood.  Once  I  observed  this  in  the  calf,  and 
afterwards  in  the  dog,  the  intestine  being  examined  immediately  after 
death  before  it  was  washed. 

The  extremity  of  the  villi  presents  the  same  delicate  tekture  aift  the 
rest  of  their  surface.  The  assertion  of  fileuland  and  others,  that  they 
had  an  opening  at  their  extremity,  was  refuted  by  Rudolphi,  who  ex- 
pressed all  that  has  hitherto  been  known  of  the  structure  of  these 
parts  in  the  following  words: — <<  They  have  never  any  visible  open- 
ing; in  their  interior  there  is  a  network  of  blood-vessels,  which  can 
seUom  be  demonstrated,  however,  except  by  injection;  and  the 
lacteals  also  take  their  rise  by  a  network  within  the  villi.'^ 

It  appears  to  me  to  be  an  important  circumstance,  that  the  villi  are 
in  part  hoi  low,  and  are  formed  of  an  exceedingly  delicate  membrane 
in  which  blood-vessels  ramify.  The  simple  cavity  I  have  found  prin- 
cipally in  the  cylindrical  villi.  By  comparison  I  have  ascertained  that 
the  thickness  of  the  membrane  which  forms  the  villi  in  the  calf  is 
T^T^b  of  an  inch,  and  the  diameter  of  the  capillary  blood-vessels 
which  run  in  this  membrane,  may  be  reckoned  at  from  TjVrth  to 
TiVir^h  of  an  inch.  An  opportunity  occurred,  recently,  at  the  dis- 
secting-rooms in  Berlin,  of  examining  the  villi  of  intestines  in  which 
the  lacieals  were  filled  with  chyle  in  the  human  subject.  They  were 
found  to  contain  a  simple  cavity  running  from  base  to  apex.  This 
was  proved  both  by  the  microscopic  examination  of  the  villi  by 
Henle,  and  by  their  injection  with  mercury  by  Schwann,  who  forced 
the  mercury  into  the  lacteals  which  were  distinctly  visible  in  the 
mucous  coat,  and  thus  filled  the  villi  even  to  their  closed  extremity. 
There  is  something  of  a  very  different  nature,  which  might  be  mis- 
taken for  hollow  villi.  This  is  a  kind  of  epithelium,  but  of  extreme 
delicacy.  It  is  not  solid,  like  an  epidermis;  on  the  contrary,  although 
coherent  in  a  membranous  form,  it  is  so  nearly  allied  to  mucus,  that 
it  seems  to  me  to  be  a  secretion  intermediate  between  epithelium  and 
mucus. 
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Professor  Krause*  has  lately  had  an  opportunity  of  seeing  the  lac- 
teals  in  the  villi  of  the  jejunum,  beautifully  filled  with  chyle,  in  the 
body  of  a  young  man  who  had  been  hung  soon  after  taking  a  full 
meal  of  farinaceous  food.  The  lacteal  that  issued  from  each  villosity 
arose  by  several  smaller  branches,  of  which  some  terminated  by  a 
free  extremity,  others  anastomosed  with  each  other. 

In  the  experiment  already  mentioned,  in  which  the  lacteals  are 
injected  by  distending  the  cavity  of  the  intestine  with  milk,  villi  filled 
with  the  milk  may  likewise  be  detected  at  some  points.  The  expe- 
riment must  be  made  very  often  before  this  accidental  injection  of 
the  villi  takes  place.  It  is  probable  that  the  milk  finds  its  way  into 
the  villi,  not  through  the  intestinal  surface  of  the  villi,  but  in  a  retro- 
grade course  from  the  network  of  lacteals  which  the  milk  had  pre- 
viously entered  through  lacerations  of  the  mucous  surface. 

I  have  never  perceived  any  opening  at  the  extremity  of  the  villi, 
and  in  my  earlier  examinations  of  them  I  could  see  no  appearance  of 
foramina  on  any  part  of  their  surface.  But  I  have  lately  observed, 
in  portions  of  the  intestine  of  the  sheep  and  ox,  which  had  been  ex- 
posed for  some  time  to  the  action  of  water,  that  over  the  whole  sur- 
face of  the  villi  there  were  scattered  very  indistinct  depressions,  which 
might  be  regarded  as  oblique  openings.  However,  I  mention  this 
observation  with  great  hesitation  and  distrust.  The  villi  must  be 
examined  with  a  simple  microscope,  and  must  be  under  water  on  a 
black  surface.  The  appearances  here  spoken  of  as  resembling  ob- 
lique openings  on  the  surface  of  the  villi  are,  according  to  Henle, 
produced  by  the  nuclei  of  the  epithelium  cylinders  covering  them. 
(See  the  account  of  epithelium  in  the  chapter  on  Histogeny.) 

Structure  of  the  intestinal  mucous  membrane. — The  villosities 
of  the  intestines,  whether  they  have  or  have  not  open  mouths  on 
their  surface,  cannot  possibly  be  the  sole  organs  for  the  absorption 
of  the  chyle;  for  in  many  animals  they  do  not  exist.  This  considera- 
tion led  me  to  examine  the  mucous  membrane  itself  from  which  the 
villi  are  processes,  and  which  is  common  to  all  animals. 

If  in  a  well  washed  portion  of  the  small  intestine  of  any  mammife- 
rous  animal  we  examine  the  structure  of  the  membrane  by  which 
the  villi  are  connected  at  their  base,  by  means  of  a  simple  micro- 
scope, we  perceive,  without  much  difficulty,  an  immense  number  of 
very  small  openings,  which  are  about  twice  or  three  times  as  large 
as  the  red  particles  of  the  blood  of  the  frog,  and  eight  or  ten  times  as 
large  as  the  same  bodies  in  Mammalia.  These  minute  openings  are 
in  Mammalia  sometimes  so  close  and  numerous,  that  the  portion  of 
membrane  which  separates  them  is  scarcely  as  broad  as  the  openings 
themselves;  generally,  however,  they  are  more  widely  separated; 
and  in  this  case  they  give  a  spongy  and  exceedingly  soft  appearance 
to  the  membrane.  Even  the  bases  of  the  villi  appear  in  sheep  and 
oxen  beset  with  these  foramina.  They  are  the  openings  of  Lieber- 
kiihn's  follicles.t 

*  Mailer's  ArchiT.  for  1837.   Heft  i.  p.  5.   See  also  ValdntiD,  ibid.  1839,  p.  178. 
I  See  Boehm,  De  Gland.  loteBtinal.  Stmot.    Berol. 
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7%e  absorbent  glands  in  birds  are  almost  wholly  wanting,  except 
in  the  neck;  and  in  reptiles  and  fishes  they  do  not  exist  at  all.  In 
these  animals  they  seem  to  be  replaced  by  mere  plexuses  of  absorbent 
vessels.  The  glands  themselves,  in  fact,  consist  merely  of  reticulated 
anastomoses  and  interlacements  of  the  vessels.  The  vasa  ir^ferentia 
of  an  absorbent  gland  divide  on  entering  it  into  small  branches,  and 
by  the  reunion  of  small  branches  are  formed  the  vasa  efferentia, 
which  are  less  numerous  and  somewhat  larger  than  the  vasa  in^ 
ftrtntia.  In  consequence  of  the  free  anastomoses  of  these  two  sets 
of  vessels,  so  as  to  form  a  network  of  lymphatics,  of  which  the  gland 
is  constituted,  we  are  enabled  to  fill  the  vasa  effereniia  with  mer- 
cury forced  into  the  vasa  ir\ferentia.  The  simple  absorbent  glands 
resemble  mere  plexuses  of  absorbent  vessels;  but  one  of  the  larger 
glands,  when  filled  with  mercury,  has  a  cellular  appearance.  Even 
these  apparent  cells,  however,  seem  to  be  merely  small  dilatations  of 
convoluted  vessels;  the  network  of  absorbents  in  other  parts  has  also 
frequently  a  cellular  appearance;  the  small  spaces  between  the  ves* 
sels  not  being  distinguished  without  careful  observation.  The  pas- 
sive of  mercury  through  the  glands  when  the  absorbent  vessels 
going  to  them  are  injected  is  in  favour  of  this  opinion.  The  opposite 
▼iews  of  Cruikshank,  who  admitted  the  existence  of  cells  in  these 
glands,  and  of  Meckel,  Hewson,  and  Mascagni,  who  regarded  the 
apparent  cells  as  dilatations  of  the  convoluted  absorbent  vessels,  can 
be  easily  reconciled. 

Siructure  qf  the  absorbent  vessels, — It  is  very  certain  that  the 
coats  of  the  absorbents  in  the  absorbent  glands,  as  well  as  in  other 
parts,  are  traversed  by  capillary  vessels;  even  the  lacteals  on  the 
intestines,  according  to  Fohmann,  possess  an  internal  coat,  which 
extends  as  far  as  the  network  from  which  they  take  their  rise;  and 
it  has  been  already  mentioned  that  the  capillary  vessels  in  the  villi 
are  very  numerous.  Consequently  even  the  absorbents,  which  form 
the  radicle  part  of  the  system  are  to  be  regarded  as  organs  of  very 
complicated  structure,  into  which  capillary  vessels  enter  as  element- 
ary parts.  The  thoracic  duct  and  the  lymphatics  have  according  to 
Valentin,"^  three  coats;  an  external  cellular,  a  middle  fibrous,  and  an 
internal  thin  coat  in  which  no  structure  can  be  distinguished,  but 
which  forms  valves,  by  the  arrangement  of  which  the  flow  of  the 
lymph  towards  the  larger  trunks  of  the  lymphatic  vessels  is  favoured, 
and  its  reflux  in  the  opposite  direction  impeded.  Henlet  states  that 
he  has  found  a  layer  of  epithelium  also  on  the  inner  surface.  The 
fibres  forming  the  middle  coat  are  described  by  M.  Valentin  as  re- 
lembling  those  of  cellular  tissue  in  outline,  but  as  having  greater 
elasticity;  they  enter  into  the  structure  of  the  valves. 

We  have  now  to  inquire  whether  absorbent  vessels  at  their  origin, 
or  in  any  part  of  their  course,  have  any  communication  with  canals 
of  other  kinds,  besides  that  with  the  venous  system,  by  means  of  the 
trank  of  the  absorbent  system, — the  thoracic  duct 

•  Repertorion,  Bd.  iL  p.  242.  t  Mailer's  Azehiv.  1838,  p.  128. 
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Do  the  absorbents  communicate  with  the  secreting  canals  of 
glands? — If  any  open  communication  between  the  lymphatics  and 
secreting  canals  really  exists,  which  Panizza  denies, — and  certainly 
with  justice, — it  can  only  be  by  means  of  the  trunks  of  the  secreting 
canals;  for  the  smaller  lymphatics  which  form  the  ultimate  network, 
are  many  times  larger  than  the  blind  extremities  of  the  secreting 
canals  of  the  conglomerate  glands.  The  connection  of  lymphatics 
and  arteriesj  of  which  Magendie  speaks  so  summarily,  is  not  better 
proved. 

The  connection  of  the  lymphatics  with  the  small  veins,  however, 
has  been  again  rendered  a  subject  of  controversy,  in  consequence  of 
Fohmann's  observations. 

Fohmann,  Lauth,  and  Panizza,  have  discovered  communications, 
visible  to  the  naked  eye,  between  the  lymphatics  and  the  veins  of 
the  thigh  and  pelvis  in  birds.  I  have  also  discovered  a  connection 
between  the  lymphatics  of  the  thigh  and  the  ischiadic  vein  in  the 
frog.  But  this  communication  of  the  larger  trunks  is  very  different 
from  a  communication  of  the  smaller  lymphatic  vessels  with  minute 
veins,  which  Fohmann  asserts  to  exist  in  birds,  reptiles,  and  fishes, 
and  of  which  he  has  given  representations.  He  admits,  however, 
that  in  man  and  Mammalia,  which  have  lymphatic  glands,  this  com* 
munication  of  the  absorbents  with  the  veins  does  not  exist,  except  in 
the  glands.  The  statements  of  Lippi*  concerning  the  communica- 
tions of  the  lymphatics  and  veins,  and  his  representations  of  them, 
have  been  shown  by  Fohmann  (1.  c.  p.  4)  and  Panizza  to  be  onde* 
serving  of  much  confidence.  Fohmann,  however,  maintains  that 
the  veins  and  absorbents  do  communicate  in  the  lymphatic  glands, 
as  had  been  observed  by  J.  F.  Meckel,  the  elder,  and  Ph.  F.  Meckel, 
when  injecting  the  absorbent  vessels  with  mercury.  I  doubt  very 
much  the  existence  of  an  open  actual  communication  between  the 
lymphatics  and  minute  veins  in  the  glands;  and  the  circumstances 
which  induce  me  to  doubt  it  are,  that,  when  glands  are  injected  from 
their  excretory  duct,  the  small  veins  of  the  gland  also  frequently 
become  filled  with  the  mercury,  and  that  the  cases  in  which  this 
occurred  to  me  were  always  those  in  which  the  ducts  had  not  been 
well  filled, — their  acini  not  distended;  and,  lastly,  that  similar  ex* 
travasation  takes  place  from  the  ducts  of  the  mammary  gland  into 
the  lymphatics  of  the  gland,  and  this  likewise  in  cases  where  the 
acini  of  the  mammary  gland  are  not  well  injected.  The  coagulated 
lymph  in  the  absorbent  glands  resists  the  passage  of  the  mercury;  the 
substance  of  the  gland  is  lacerated;  and  the  coats  of  the  lymphatics 
being  supplied  with  capillaries  which  are  continuous  with  veins,  the 
rupture  of  one  lymphatic  in  the  interior  of  a  gland  must  be  attended 
with  laceration  of  the  reticulated  capillary  vessels  and  veins. 

In  the  same  manner,  also,  as  E.  H.  Weber  observes,  fluids  find 
their  way  very  easily  from  the  branches  of  the  pulmonary  artery 
into  the  bronchi,  although  no  natural  communication  exists  between 

*  IllastrazioDi  fisiolo^che  e  pathologiche  del  aisteroa  liofatiocHihilUfero,  etc. 
Firanze,  1835. 
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them.  I  regard  in  the  same  light  the  passage  of  injection  from  one 
order  of  vessels  into  another  in  the  secreting  glands,  namely, — from 
blood-vessels  into  the  secreting  canals,  and  from  the  secreting  canals 
into  blood-vessels.*  If  I  should  ever  see  a  direct  communication  of 
a  Ijrmphatic  external  to  the  glands  with  a  small  vein,  I  would  ac- 
knowledge it  as  a  thing  evident  to  the  senses,  without,  however, 
admitting  the  existence  of  such  communication  in  the  interior  of  a 
gland,  where  it  is  invisible. 

Terminations  of  the  absorbents. — Since  the  communication  of 
lymphatics  with  small  veins  has  not  been  observed  in  man  and  Mam- 
malia, the  absorbent  and  venous  systems  can  be  regarded  as  con- 
nected only  by  the  principal  lymphatic  trunk,  the  thoracic  duct, 
which  opens  into  the  left  subclavian  vein,  and  by  smaller  lymphatic 
trunks  which  pour  their  contents  into  the  internal  jugular  and  sub- 
clavian veins  of  the  right  side.  All  other  communications  between 
the  absorbents  and  the  great  veins,  seem  to  be  exceptions  merely 
to  the  normal  structure;  such  was  the  case  witnessed  by  Professor 
Wutzer  and  myself,  in  which  a  branch  was  given  off  from  the  tho- 
racic duct  and  immediately  entered  the  vena  azygos.t  This  branch 
is  worthy  of  notice,  however;  for  Panizza  has  found  that  in  the  hog 
a  regular  communication  exists  between  branches  of  the  thoracic 
dact  and  the  vena  azygos.| 

b.  Of  the  lymph-hearts  of  Reptiles  and  Amphibia. 

The  lymph-hearts  of  the  Amphibia  were  discovered  in  the  year 
1832.§  They  are  muscular  sacs  which  pump  the  lymph  into  the 
tnmks  of  the  venous  system,  at  the  anterior  and  posterior  parts  of 
the  body.  There  are  usually  four,  two  anterior  and  two  posterior; 
in  the  frog  the  posterior  lymph-heart  on  each  side  is  situated  in  the 
ischiadic  region  just  beneath  the  skin;  the  anterior  lies  deeper, 
namely,  just  over  the  transverse  process  of  the  third  vertebra.  The 
pulsations  of  these  sacs  are  quite  independent  of  those  of  the  heart, 
and  continue  when  the  heart  is  removed  from  the  animal,  even  after 
the  body  of  the  animal  is  cut  in  pieces;  the  pulsations  of  the  cervical 
pair  are  not  always  synchronous  with  those  of  the  pair  in  the  ischiadic 
region,  and  even  the  corresponding  sacs  of  opposite  sides  are  not 
always  synchronous  in  their  action.  They  contract  about  sixty 
times  in  a  minute.  They  contain  colourless  lymph;  and  the  lymphatic 
▼eesels,  and  lymph  spaces  of  the  extremities,  can  be  inflated  from 
them.  Similar  pulsating  organs  seem  to  exist  in  all  reptiles.  I  have 
hitherto  discovered  the  superior  pair  in  no  other  animtils  than  the 
frogs  and  toads.  The  inferior  pair  I  have  found  in  the  salamanders 
and  lizards;  in  these  animals  they  are  situated  at  the  sides  of  the 

*  On  the  qaestioo  of  the  commanication  of  the  lymphatics  and  veins,  see  E.  H. 
Weber's  observations  in  Hildebrandt's  Anat.  t.  iii.  pp.  113-121. 

t  See  Watzer  in  Mailer's  Archiv.  1834. 

%  Compare  Otto,  Patholog.  Anat.  p.  366.  Otto  met  with  an  instance  in  which 
there  were  two  thoracic  ducts;  one  passing  to  the  right  side,  the  other  to  the  left, 
as  is  nsnallv  the  case  in  birds. 

i  See  Mailer,  in  Poggendorfs  Annal.  1832;  and  the  Philos.  Transact.  1833, 
pt.  1. 
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root  of  the  tail  behind  the  ilium,  and  are  more  difficult  to  find  than 
in  the  frog,  where  they  lie  immediately  under  the  skin.  Panizza* 
has  discovered  the  inferior  pair  of  these  lymphatic  hearts  also  in  ser- 
pents.! 


CHAPTER  III. 

OF  THE  FUNCTIONS  OF  THE  ABSORBENTS. 

Dttring  the  circulation  of  the  blood  through  the  minute  capillary 
vessels,  the  red  particles  exert  a  vivifying  influence  on  the  paren- 
chyma, and  at  the  same  time  undergo  a  change  of  colour;  but  they 
can  be  traced  in  their  course  into  the  veins, — they  afe  not  retained 
in  the  tissue.  The  fluid  portion  of  the  blood,  however,  with  the 
fibrin  and  albumen  in  solution,  like  every  fluid  matter,  is  capable  of 
permeating  the  walls  of  the  capillaries,  and  of  being  imbibed  by  the 
particles  of  the  tissue  contained  in  the  meshes  of  the  capillary  net- 
work through  which  the  blood  is  flowing.  The  dissolved  ingredients 
of  the  blood  thus  imbibed  by  the  parenchyma  must  serve  the  pur- 
poses of  nutrition  and  secretion.  Hence  it  is  that  venous  blood  con- 
tains less  fibrin  than  arterial  blood.  After  the  purpose  of  nutrition 
is  fulfilled,  the  fluid  portion  of  the  blood  imbibed  by  the  tissues 
will,  by  the  same  process  of  imbibition,  collect  in  the  network  of 
Ivmphatics,  which  occupy  in  all  parts  of  the  body  the  interstices  of 
tne  proper  tissues  of  the  organs;  a  direct  communication  between 
the  capillaries  and  lymphatics  by  means  of  vasa  serosa  is  therefore 
not  needed  for  the  passage  of  the  fluid  parts  of  the  blood  into  the 
lymphatics,  and  indeed  no  such  communication  has  been  proved  to 
exist. 

The  fluid  part  of  the  blood  having  supplied  the  materials  for  the 
nutrition  of  the  tissues,  is  therefore  again  returned  to  the  circulation 
by  the  lymphatic  vessels.  The  lymph  consequently  must,  in  its  com- 

Sosition,  be  exactly  identical  with  the  fluid  portion  of  the  blood,  or 
quor  sanguinis,  and  the  blood  itself  must  consist  merely  of  lymph 
and  red  particles.  An  observation  which  I  have  made,  and  which 
can  be  easily  repeated,  is  sufficient  to  prove  that  the  fluid  contained 
in  the  lymphatic  vessels  is  formed  principally  of  the  fluid  parts  of  the 
blood,  and  is  not  a  perfectly  new  fluid.  I  have  observed  that  when 
the  blood  of  the  frog  does  not  coagulate,  the  lymph  also  does  not 
coagulate.  Thus,  when  frogs  have  been  kept  out  of  water  for  eight 
or  more  days  during  the  summer,  their  blood  often  loses  its  property  of 
coagulation;  and  under  such  circumstances  the  lymph  taken  from  the 
lymph  cavities  of  the  same  animal,  aflbrds  no  coagulum.  So  that  the 
peculiar  state  of  the  fibrin,  or  its  absence  in  the  blood  of  the  frog  at 

•  Mullet's  Archiv.  1834,  p.  300. 

"1;  For  a  more  particular  account  of  their  stmctora  and  action,  see  B.  Weber  in 
Mailer's  Archiv.  1635,  p.  635;  and  Valentin,  Repertoriam,  Bd.  i.  p.  394. 
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eertain  times,  determines  the  very  same  state  of  the  fibrin  in  the 
ifmph,  or  its  absence  from  that  fluid. 

1.  Of  the  absorption  by  the  lymphatics  and  lacteals. 

Proofs  that  they  absorb. — It  might  at  first  appear  doubtful 
vbether  the  lymphatics  and  lacteals  do  really  absorb,  were  it  not 
that  the  lymph  contains  peculiar  particles  or  globules,  that  absorp- 
twn  by  the  lacteals  is  a  well-ascertained  fact,  and  that  the  colour  of 
uie  chyle  varies,  becoming  whiter  or  more  opaline,  according  to  the 
food  tiken.     There  are  circumstances,  however,  which  prove  the 
MCt  of  absorption  by  lymphatics  in  other  parts.  It  is  not  merely  that 
tile  lymphatics  often  become  painful,  that  red  streaks  appear  in  their 
ccNirse,  and  that  the  neighbouring  lymphatic  glands  become  swollen 
j|to  the  application,  by  friction,  of  irritating  matters  to  the  skin;  the 
Jyniphatics  around  collections  of  peculiar  animal  fluids  have  been 
Men  filled  with  these  fluids.     I  attribute  no  importance  to  the  some- 
vhat  extravagant  assertions  of  Mascagni,  who  states,  that  in  animals 
which  died  from  pulmonary  or  abdominal  hemorrhage,  the  lympha- 
tici  of  the  pleura  and  peritoneum  have  been  seen  filled  with  blood. 
Bat  Assalini,  Saunders,  Mascagni,  and  Soemmering  have  all  observed 
WIe  in  the  lymphatics  coming  from  the  liver,  in  cases  where  the  bile 
ducts  were  obstructed.*     Tiedemann  and  Gmelin  also,  after  tying 
tfie  ductus  choiedochus  in  dogs,  found  the  lymphatics  of  the  liver 
filled  with  a  fluid  of  a  deep  yellow  colour;  the  lymphatic  glands 
which  these  lymphatics  passed  through  were  yellow,  and  the  yellow 
fluid  taken  from  the  thoracic  duct  contained  the  components  of  the 
bile,t    Lymphatics  around  osseous  tumours  have  been  found  to  con- 
tain calcareous  matter.}     Mr.  Hunter§  found  in  the  spermaceti  whale 
A  plexus  of  vessels,  apparently  lymphatics,  about  the  nose  or  anterior 
part  of  the  nostril,  filled  with  spermaceti  and  oil. 

Magendie  was  the  first  to  deny  the  absorbing  power  of  the  lym- 
phatics. Hunter  had  asserted  that  coloured  water  injected  into  the 
abdomen  of  an  animal,  is  soon  discoverable  in  the  lymphatics. 
Plandrin  has  made  the  experiment  in  horses  without  success;  and 
Magendie  assures  us  that,  with  M.  Dupuytren,  he  repeated  similar 
fizperiments  more  than  one  hundred  and  fifty  times,  and  never  found 
any  of  the  substances  absorbed  in  the  lymphatics.  On  the  other 
band,  Meyer  and  Schroeder  van  der  Kolk  observed  an  evident, 
thoDgh  slow,  absorption  of  foreign  matters  from  the  intestinal  canal 
by  the  lymphatics. 

^  Drs.  Lawrence  and  Coates,  of  Philadelphia,  witnessed  the  absorp- 
tion of  prussiate  of  potash;  but,  according  to  their  observations, 
colouring  matters  were  not  absorbed.  HaII6  and  others,  after  the 
introduction  of  colouring  matters  into  the  stomach,  could  not  detect 
them  in  the  thoracic  duct,  while  they  had  evidently  entered  the 
blood  and  the  circulation. || 

•  See  Weber  io  Hildebrandt's  Anat.  iii.  p.  133. 

I  Die  Verdaunng  nach  Versuchen,  ii.  40.         %  Otto,  Patholog.  Anau  i.  379. 
On  the  Stractare  of  Whales.    Works,  vol.  iv.  p.  347. 
I  See  alec  Tiedemann  and  Gmelin,  Venache  uber  die  Wege,  &e. 
84 
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•  The  result  of  most  experiments  is,  that  salts  are  the  only  foreign 
matters  absorbed  by  the  lymphatics.  Thus  the  numerous  experi- 
ments of  Tiedemann  and  Gmelin,  cited  at  page  248^  show  that 
colouring  matters  introduced  into  the  intestinal  canal,  are  not  taken 
up  by  the  lacteals,  although  they  are  afterwards  found  in  the  blood 
and  urine.  Salts  were  the  only  foreign  substances  that  they  could 
detect  in  the  chyle,  and  these  but  a  few  times. 

Peculiariiies  of  the  lymphatic  and  lacteal  absorption. — The 
conclusion  which  must  be  drawn  from  a  consideration  of  all  the  facts 
is,  that  the  lymphatics  do  really  absorb,  but  that  their  absorbing 
action  is  confined  to  particular  fluids,  for  which  perhaps  they  have 
an  affinity:  they  have  but  little  tendency  to  take  up  foreign  matters, 
of  which  a  few  only,  such  as  salts,  are  absorbed  by  them,  while 
others,  such  as  colouring  matters,  as  a  general  rule,  do  not  enter  them 
at  all.  The  matter  which  the  lymphatics  are  ordinarily  engaged  in 
absorbing,  is  the  liquor  sanguinis^  which,  during  the  circulation  of 
the  blood  through  the  capillaries,  is  imbibed  by  the  tissues.  Besides 
this  fluid,  however,  small  molecules  are  taken  up  from  the  paren* 
chyma  of  the  organs  and  form  the  globules  of  the  lymph,  in  the  ' 
same  manner  as  the  globules  of  the  chyle  are,  as  it  appears,  absorbed 
by  the  lacteals  with  the  fluid  pohion  of  the  chyle  from  the  food  con- 
tained in  the  alimentary  canal. 

The  organic  process  by  which  the  lymphatics  absorb  is  therefore 
materially  diflerent  from  that  by  virtue  of  which  the  capillaries  im- 
bibe all  foreign  matters  in  a  state  of  solution;  it  is  also  different  from 
the  process  of  absorption  in  the  radicle  fibres  of  plants,  by  which 
every  matter  which  is  in  solution  is  absorbed.* 

Power  by  which  the  lymphatics  and  lacteals  absorb. — I  confess 
that  the  act  of  absorption  in  other  parts  as  well  as  in  the  intestines,  is 
to  me  quite  an  enigma.  Capillary  attraction,  by  which  some  persons 
would  explain  so  many  processes  in  the  animal  body,  accounts  for 
the  filling  of  capillary  tubes  only  when  they  are  empty,  or  when  they 
have  the  power  of  emptying  themselves  from  time  to  time;  it  does 
not  explain  the  absorption  and  motion  of  the  organic  fluids.  It  is 
probable  that  some  other  kind  of  attraction,  and  this  certainly  not  of  a 
merely  physical  nature  like  capillary  attraction,  but  an  organic  attrac- 
tion of  a  kind  hitherto  unknown,  is  herein  action.  I  have  never  seen 
the  slightest  motion  in  the  villi  of  the  intestines,  although  I  have  laid 
open  the  intestine  in  a  living  rabbit  and  examined  its  internal  surface 
under  warm  water.  Nor  have  I  observed  any  sign  of  movement 
even  in  the  lacteals  of  the  mesentery,  in  the  receptaculum  chyliy  or 
in  the  thoracic  duct.  I  have  applied  the  wires  of  a  strong  galvanic 
battery  to  the  thoracic  duct  of  a  goat,  which  was  opened  as  quickly 
as  possible,  while  still  alive,  but  could  perceive  no  contraction:  it  was 
not  till  some  time  had  elapsed,  that  the  duct  appeared  to  have  become 
somewhat  narrower  at  the  point  to  which  the  wires  had  been  applied, 
and  presented  several  very  inconsiderable  constrictions. 

In  no  pouit,  perhaps,  do  plants  and  animals  so  much  resemble 
each  other  as  in  the  ascent  of  fluids  from  absorbing  surfaces  in  the 

•  Hedemann^B  Physiol,  i.  333.    English  TnnsUtion,  p.  8& 
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absorbent  vessels  of  animals  and  the  ascent  of  the  sap  in  the  vessels 
of  plants.  The  ascent  of  the  sap  in  plants  is,  however,  effected  solely 
by  tholaction  of  the  roots  and  their  spongioid,  as  proved  by  the  ex- 
periments of  Dutrochet.  The  structure  of  these  plants  is  cellular, 
and  from  it  the  imbibed  and  absorbed  fluid  finds  its  way  into  the 
sap  vessels  proper.  The  villi  of  the  intestines  arc  not  essential 
organs  for  the  absorption  of  the  chyle.  For  not  only  is  absorption 
performed  by  the  lymphatics  without  villi  in  all  parts  except  the 
intestines,  but  the  intestines  of  many  animals  are  destitute  of  villi. 
Nevertheless,  the  villi  of  the  intestines  are  in  some  measure  analo- 
gous to  the  spongiola  of  the  roots  of  plants;  it  must,  however,  be  re- 
membered that  the  absorbents  in  the  villi  have  the  same  structure  as 
in  other  parts  which  have  no  villi. 

Dutrochet  explained  the  phenomena  of  absorption  both  in  plants 
and  animals  by  the  laws  of  endosmose.  It  is  easy,  however,  to  per- 
ceive that  the  phenomena  of  endosmose  in  dead  animal  membranes 
are  by  no  means  sufficient  to  account  for  the  organic  process  of 
absorption  in  the  animal  and  vegetable  kingdoms. 

It  is  probable  that  there  is  no  mechanical  apparatus  for  absorption 
in  the  radicles  of  the  absorbent  system,  since  in  plants  no  such  appa- 
ratus exists.  Absorption  seems  to  depend  on  an  attraction,  the 
nature  of  which  is  at  present  unknown,  but  of  which  the  very  coun- 
terpart, as  it  were,  takes  place  in  secretion;  the  fluids  altered  by  the 
secreting  action  being  impelled  towards  the  free  side  only  of  the 
secreting  membranes,  and  then  pressed  onwards  by  the  successive 
portions  of  fluid  secreted.  In  many  organs, — for  instance,  in  those 
invested  with  mucous  membranes, — absorption  by  the  lymphatics 
and  secretion  by  secreting  organs  are  going  on  at  the  same  time  on 
the  same  surface. 

Since  the  action  of  the  absorbents  depends  on  an  organic  property, 
circumstances  which  afiect  the  organisation  of  a  part  will  necessarily 
elevate  or  depress  their  action.  Thus  in  inflammation,  as  Autenrieth 
remarked,  {Physiologies  ii.  224,)  the  action  of  the  absorbents  appears 
to  be  diminished,  and  hence  the  frequent  occurrence  of  an  enduring 
CBdematous  swelling  around  an  inflamed  part. 

It  is  still  uncertain  how  the  remedial  means,  which  are  supposed 
to  excite  absorption,  produce  their  effects;  the  cases  in  which  their 
action  is  evident  are  few.  There  are  substances  called  resolvents, 
which  are  capable  of  softening  and  dissolving  the  matters  collected 
in  superabundant  quantity  in  the  interstices  of  the  elementary  parts 
of  tissues.  The  possibility  of  such  a  process  taking  place  is  shown 
apparently  by  the  organic  fluids  themselves,  in  which  one  ingredient 
is  frequently  the  menstruum  for  another;  thus,  for  example,  animal 
matters  are  kept  in  a  state  of  complete  solution  by  their  organic 
union  with  mineral  substances,  as  is  the  case  in  the  serum,  or  with 
other  organic  substances,  as  in  the  bile,  in  which  picromel  is  the 
solvent  menstruum  of  the  cholesterine.  The  use  of  resolvents  in 
medicine  is,  however,  very  limited,  because  many  substances,  which 
out  of  the  body  have  the  power  of  dissolving  animal  matter,  have  a 
destructive  action  on  living  animal  textures.    The  assertion,  that  the 
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I]rmphatic8  continue  to  absorb  after  death,  appears  to  me  to  be 
wholly  without  foundation.  (See  E.  H.  fF€ber,loc,  cii.  vol.  iiL  p.  101») 

2.  Change  effected  by  the  lymphatic  and  lacteal  vessels  m  their 

contents. 

The  absorbent  vessels,  the  parietes  of  which  are  supplied  with 
capillariesi  seem  to  effect  a  change  in  the  composition  of  the  chyle 
and  lymph.  The  absorbent  glands  have  the  same  action;  they  serve 
merely  as  means  of  increasing  the  surface  of  action;  for,  in  the  lower 
vertebrata,  they  are  replaced  by  mere  plexuses,  and  are,  in  fact, 
merely  plexuses  in  a  more  highly  developed  form.  The  chyle  ia 
the  lacteals  of  the  mesentery,  according  to  Tiedemann  and  Omelin, 
is  not  coagulable  until  it  has  passed  through  the  mesenteric  glands. 
The  lacteals  and  their  glands  appear,  therefore,  to  have  the  power 
of  converting,  by  the  agency  of  their  parietes,  a  part  of  the  albumen 
of  the  chyle  into  fibrin.  In  many  diseases  this  action  of  the  lacteals 
on  the  elementary  combination  of  their  contents  is  modified,  or  the 
vessels  themselves  sufier  from  the  action  of  fluids  morbidly  jformed, 
as  in  scrofula. 

b  is  probable,  as  E.  H.  Weber  has  endeavoured  to  prove,  that  the 
absorbents  produce  a  change  in  the  composition  even  of  foreign  mat- 
ters which  they  take  up.  Thus  Emmert  has  observed  that  after 
the  abdominal  aorta  had  been  tied,  the  poison  of  the  €tngustura 
pirosa  inserted  into  a  wound  of  the  foot,  did  not  exert  its  deadly 
effect,  and  that  prussic  acid  applied  in  the  sanie  way  had  also  no 
effect  on  the  animal,  when  the  circulation  in  the  lower  extremities 
was  stopped  by  ligature  of  the  abdominal  aorta.  Now  these  poisons 
by  mere  imbibition  could  enter  the  lymphatics  as  well  as  the  blood- 
vessels, so  that  the  absence  of  their  usual  effects  in  these  cases  must 
be  attributed  to  a  change  effected  by  the  lymphatics  in  the  matters 
which  they  absorb. 

The  absorbents  are  endowed  with  a  peculiar  sensibility  to  the 
action  of  foreign  matters,  becoming  painful,  sometimes  inflamed  and 
swollen,  so  as  to  be  distinguished  through  the  skin  by  red  streaks 
when  such  matters  have  been  absorbed.  Under  the  same  circum- 
stances, the  glands  in  the  neighbourhood  of  the  absorbing  spot  also 
swell  and  become  painful.  Ordinarily,  if  the  absorption  of  the  irri- 
tating matter  is  not  continued,  the  swelling  disappears,  but  sometimes 
the  glands  inflame  and  suppurate.  This  enlargement  of  the  neigh- 
bouring glands  is  observed  to  take  place  under  various  circumstances, 
such  as  the  introduction  of  an  animal  poison  under  the  epidermis, 
the  application  of  a  blister,  the  bite  of  a  snake,  a  cut  or  prick  re- 
ceived in  opening  a  putrescent  body,  or  the  inunction  of  tartar  emetic 
ointment  or  mercury;  it  often  occurs,  also,  in  glands  near  an  inflamed 
part  in  which  pus  is  forming.  Thus,  the  inguinal  glands  swell  in 
cases  of  gonorrhoea,  or  of  venereal  infection  of  the  genitals  where 
there  is  no  gonorrhoea.  The  mesenteric  glands  seem  to  stand  in  the 
same  relation  to  the  intestines,  as  the  superficial  glands  to  the  skin; 
they  become  inflamed  when  the  intestines  are  inflamed  and  ulcerated, 
— for  example,  in  typhus  abdominalis. 
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3.   The  motion  of  the  lymph  and  chyle. 

7%A  powers  by  which  the  lymph  and  chyle  are  moved  are  un- 
known. It  is  possible  that  the  absorbent  vessels  and  thoracic  duct 
propel  their  contents  by  imperceptible  progressive  contractions;  but 
it  is  not  known  whether  this  is  the  case.  Tiedemann  and  Gmelin, 
however,  observed  that  the  thoracic  duct,  when  punctured,  expelled 
its  contents  in  a  jet.  They  suppose,  therefore,  that  the  lymphatics 
and  lacteals,  although  not  endued  with  rhythmic  contractility,  never- 
theless have  the  power  of  propelling  onwards  their  contents.  If 
they  really  exert  such  a  power,  it  must  be  facilitated  by  their  valves; 
the  arrangement  of  which,  indeed,  is  such  that  even  external  pressure 
applied  to  the  lymphatics  or  lacteals  by  the  muscles,  must  have  the 
effect  of  propelling  onwards  the  lymph  and  chyle. 

The  motion  of  the  lymph  and  chyle  most  probably  depends  prin- 
cipally on  the  continued  absorption  going  on  in  the  radicle  network 
01  the  lymphatics,  in  the  same  way  as  the  ascent  of  the  sap  in  plants, 
during  the  spring,  depends  solely  on  the  constant  absorbing  action  of 
the  roots. 

The  lymph-hearts  which  I  have  discovered  in  reptiles  and  Am- 
phibia, must  considerably  facilitate  the  motion  of  the  lymph  in  those 
animals.  They  discharge  the  lymph  of  the  lower  part  of  the  body 
directly  into  the  ischiadic  vein,  that  of  the  upper  part  of  the  body 
into  a  branch  of  the  jugular  vein.  In  Mammalia  and  man  it  is  only 
in  the  subclavian  veins  that  the  chyle  and  lymph  are  mixed  with  the 
blood;  all  the  chyle  and  the  greater  part  of  the  lymph  being  poured 
into  the  left  subclavian  vein  by  the  thoracic  duct.  The  lymph  and 
chyle  are  often  still  to  be  detected  in  the  blood  of  the  superior  cava. 
The  process  of  their  conversion  into  blood  in  their  course  through 
the  circulation  has  been  already  described.  I  have  never  been  able  to 
perceive  the  slightest  motion  in  the  thoracic  duct  and  receptaculum 
chyli,  ox  in  any  part  of  the  absorbent  system  of  Mammalia  (p.  27S); 
and  in  reptiles  the  lymphatic  hearts  are  only  the  parts  of  the  absor- 
bent system  in  which  I  have  perceived  any  contractions. 

The  rate  of  the  motion  of  the  lymph  in  the  lymphatics  is  quite 
unknoipn. — Some  idea  of  the  rate  at  which  the  chyle  moves,  may 
be  formed  by  observing  the  time  required  for  the  distended  lacteals 
in  the  mesentery  of  an  animal  just  opened  to  become  invisible,  and 
by  ascertaining  the  quantity  of  the  fluid  which  can  be  collected  from 
the  thoracic  duct.  In  Magendie's  experiment  half  an  ounce  of  chyle 
was  collected,  in  five  minutes,  from  the  thoracic  duct  of  a  middle- 
sized  dog.  Collard  de  Martigny  obtained  nine  grains  of  lymph,  in 
ten  minutes,  from  the  thoracic  duct  of  a  rabbit  which  had  taken  no 
food  for  twenty-four  hours  He  found,  after  having  pressed  out 
the  lymph  from  the  principal  lymphatic  trunk  of  the  neck  in  a  dog, 
that  the  vessel  filled  again  in  seven  minutes;  in  a  second  experiment, 
it  filled  in  eight  minutes.* 

•  Jonra.  de  Physiol,  t  riii. 
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BOOK  III. 

OP  THE  CHEMICAL  CHANGES  PRODUCED  IN  THE  ORGANIC 
FLUIDS  AND  ORGANISED  TEXTURES  UNDER  THE  INFLU- 
ENCE  OP  THE  VITAL  LAWS. 

The  power  by  which  elementary  substances  are,  in  the  organic 
system,  united  into  ternary  and  quarternary  compounds,  in  opposition 
to  their  ordinary  chemical  affinities,  which  would  lead  them  to  form 
binary  compounds,  is  without  doubt  a  peculiar  ^  force''  or  <<  impon- 
derable matter"  unknown  in  inorganic  nature.: — ^probably  the  same 
force  or  principle  that  governs  the  formation  and  nutrition  of  the 
different  organs  of  the  body  after  a  plan  of  stricr  adaptation.  (Seh 
page  29,  ei  seq.)  To  attribute  to  electricity  the  production  ot  all 
organic  compounds  would  be  a  perfectly  gratuitous  hypothesis.  Until 
the  properties  of  the  principle  which  influences  organic  combinations 
are  known,  it  can  be  spoken  of  merely  as  a  power,  the  existence  of 
which  is  certain,  but  of  which  the  nature  cannot  be  defined,  and  it  is 
in  this  sense  that  we  use  the  terms  <<  vital  principle"  and  <<organimng 
force."  The  law  which  regulates  the  action  of  parts  endowed  with 
this  power  on  other  substances,  is  that  of  assimilation. 

The  material  changes  which  occur  in  the  organic  system,  may  be 
divided  into  the  purely  chemical  and  the  organic  chemical. 

1.  Purely  chemical  changes  ensue  in  the  animal  system  when  the 
vital  principle  loses  its  influence  on  the  textures  of  the  body,  or  be- 
comes incapable  of  counterbalancing  the  tendency  of  the  elements  to 
form  binary  compounds  in  accordance  with  their  ordinary  chemical 
affinities. 

Concentrated  acids  and  alkalies  unite  with  the  component  elements 
of  living  animal  bodies,  and  produce  newsubstances,theanimal  matter 
being  destroyed.  Dilute  muriatic  and  acetic  acids  in  the  gastric  juice 
aid  in  the  solution  of  elementary  substances.  The  greater  number 
of  metallic  salts  combine  with  animal  matters  readily,  and  in  definite 
proportions.     (See  Miischerlich  in  Mailer's  Archiv.  1836, 1837.) 

These  purely  chemical  actions  are  of  frequent  application  in  the- 
rapeutics. The  property  which  albumen  possesses  of  precipitating 
corrosive  sublimate,  and  uniting  with  it  to  form  an  insoluble  sub- 
stance, suggested  to  Orfila  the  happy  idea  of  trying  it  as  an  antidote. 
(Huenefeld,  Physiol.  Chemie,  i.  pp.  65, 89.)  An  antidote,  as  Huene- 
feld  remarks,  must  have  a  strong  affinity  for  the  poison,  and  but 
slight  chemical  affinity  for  the  animal  body,  so  that  it  may  be  intro- 
duced into  the  system  without  ill  effects.  Sulphur  neutralises  arsenic; 
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and)  by  giving  rise  to  an  insoluble  compound,  renders  it  less  hurtruL 
It  is  on  account  of  their  insolubility  that  preparations  of  mercury 
which  contain  sulphur  are  inert  in  the  treatment  of  syphilis.  (Huene- 
feldy  PhyHoL  Chemitj  p.  66.)  The  soluble  sulphates  are  antidotes 
for  poisoning  by  barytes  and  salts  of  lead,  because  the  sulphates  of 
barytes  and  of  lead  which  are  formed  are  insoluble.  (Ibid.  p.  67.) 
Magnesia  neutralises  the  acid  of  the  stomach.  The  success  attending 
the  administration  of  the  carbonates  of  alkalies  in  cases  of  lithic  acid 
deposit,  and  of  the  formation  of  calculus,  from  the  urine,  depends  on 
the  lithic  acid  being  dissolved  by  the  alkalies,  and  the  urine  rendered 
alkaline.  Salts  of  vegetable  acids  are  useful  in  the  same  way,  being 
converted  into  carbonates  in  the  animal  body  or  yielded  in  that  form 
to  the  urine.  Nitric  acid,  chlorine,  and  chlorates  have  been  used 
with  success,  in  preventing  the  development  of  sulphuretted  hydro* 
gen,  ammonia,  and  hydrosulphate  of  ammonia,  from  sores  of  hospital 
gangrene  and  from  cancerous  sores.  The  use  of  mineral  acids  in 
putrid  fever  with  a  tendency  to  alkalinity  of  the  fluids,  may  be 
regarded  in  the  same  light. 

The  colouring  matter  of  madder  evinces  a  strong  affinity  for  phos- 
phate of  lime  even  in  the  living  body,  the  bones  being  the  only  parts 
which  are  coloured  by  it  when  it  is  taken  with  the  food.  Lastly, 
many  foreign  substances  taken  up  into  the  circulation,  are  in  part 
chemically  changed,  and  are  again  expelled  from  the  system  in  their 
changed  or  unchanged  state. 

2.  In  other  cases,  certain  substances,  particularly  those  generated 
by  the  decomposition  of  the  organic  matter  in  diseased  animals,  act 
on  other  living  animals  in  a  manner  which  resembles  the  chemical 
process  of  fermentation.*  Thus,  contagions  give  rise  to  the  produc- 
tion of  similar  changes  of  composition  in  the  animal  matters  of  other 
living  beings. 

S.  Chemical  compounds  and  simple  elementary  substances,  how- 
ever,  by  affording  the  components  which  were  deficient  for  the 
formation  of  new  organic  compounds  in  the  body,  may  favour  the 
production  of  these  compounds  instead  of  decomposing  them,  and 
thus  assist  the  operations  of  the  vital  principle.  Thus  the  admixture 
of  a  certain  proportion  of  mineral  substances  in  the  food  is  necessary. 
Hie  change  effected  in  the  blood  during  respiration  is  an  organic 
chemical  change,  in  which  a  binary  compound  is  formed  and  sepa- 
rated from  the  blood. 

4.  Organic  substances  again  may  reciprocally  decompose  each 
other  even  without  the  influence  of  the  vital  principle.  Thus  saliva, 
according  to  Leuchs,  [Poggtndorps  Jlnnal.  1831,  p.  5,)  and 
Schwann,  {MiiUer's  ^rchiv.  1836,  p.  138,)  converts  boiled  starch 
into  sugar,  and  Tiedemann  and  Omelin  have  shown  that  starch  is 
changed  in  the  stomach  of  animals  into  gum  of  starch  and  sugar. 

*  Aecording  to  reesnt  obserrations,  the  process  of  fsnnentation  depends  on  the 
|[iowth  of  a  reiy  liinple  reg^uble  (the  Tonila  CeroTiMe  of  Tarpin)  which  exists 
in  jreast  in  the  form  of  the  yeast  globules;  and,  nooriihnig  itself  by  extracting 
■ODM  elements  from  the  organic  matter  of  fermenting  floids,  causes  the  alcohol,  or 
aeetle  acid,  lo  be  sal  ftee. 
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Fibrin  or  muscle  is  said  like  yeast,  to  excite  fermentation  in  solu- 
tion of  sugar.  Dr.  J.  Davy,  however,  on  performing  the  experi- 
ment with  beef,  and  continuing  it  three  or  four  days,  obtained  gum 
in  place  of  alcohol.  {Kastner*s  Archiv.  1831,  p.  396.)  The  organic 
digestive  principle,  or  <<  pepsin."  secreted  by  the  walls  of  the  stomach, 
dissolves  coagulated  albumen  and  fibrin  very  readily,  even  out  of 
the  body,  and  so  modifies  their  composition  that  they  acquire  different 
chemical  properties.  In  the  animal  system,  however,  the  action 
of  organic  fluids  on  one  another  is  modified  by  the  vital  principle. 
The  action  of  saliva  and  of  bile  in  the  process  of  digestion,  is  not 
intelligible  from  the  effects  which  they  produce  on  oi^nic  com- 
pounds out  of  the  body.  The  processes  just  alluded  to,  and,  perhaps, 
those  mentioned  in  the  following  paragraph,  also,  appear  to  belong  to 
that  cla^  of  chemical  actions  to  which  Berzelius  {Fortachritte  d,phy- 
aisch.  fFissensch.  Bd.  15.  pp.  237-247,)  has  given  the  name  <<  cata- 
lytic.'' They  are  actions  in  which  a  certain  matter  by  its  presence 
gives  rise  to  decompositions  or  combinations  in  other  substances, 
without  itself  undergoing  any  appreciable  change.  Thus,  the  pre- 
sence of  sulphuric  acid  decomposes  alcohol  into  ether  and  water; 
finely  divided  platina  and  other  metals  cause  hydrogen  and  oxygen 
to  unite  suddenly.  Dilute  sulphuric  acid  acting  upon  starch,  con- 
verts it  into  sugar,  and  an  organic  substance  called  <<diastase,''  found 
in  abundance  in  the  buds  of  the  potato,  effects  the  same  change  in 
the  starch  of  that  tuber;  a  change  necessary  for  the  nutrition  of  the 
plant.  Thousands  of  such  catalytic  actions,  Berzelius  remarks,  are, 
probably,  going  on  in  the  economy  of  organised  bodies.  It  has  been 
recently  slated  by  M.  Fremy,  {Comptes  BenduSy  1839,  Juin  17  and 
Juillet  30,)  that  many  animal  membranes,  but  particulariy  that  of 
the  calf's  stomach,  have  the  property  of  converting  sugar  of  milk 
and  other  saccharine  substances  into  Isrctic  acid,  and  organic  salts, 
such  as  the  citrates,  malates,  and  tartrates  of  potash  and  soda,  into 
carbonates,  when  solutions  pf  these  substances  are  brought  into  con- 
tact with  them  out  of  the  body;  and  that  the  membranes  themselves 
seem  to  undergo  no  change  since  the  same  portions  of  them  serve 
for  repeated  experiments.  All  these  facts  strengthen  the  probability 
of  the  view,  that  the  changes  of  composition  constantly  going  on  in 
organic  bodies,  do  not  essentially  differ  from  the  ordinary  chemical 
changes.  The  production  of  the  different  secretions  even  may  de- 
pend on  peculiar  ^catalytic"  actions  of  the  walls  of  the  secreting 
canals. 

5.  Organic  assimilation  is  evinced  in  the  changes  of  composition 
which  organic  fluids  undergo,  while  exposed  to  the  influence  of  living 
surfaces  endued  with  the  vital  principle.  Thus,  the  composition  of 
the  chyle  absorbed  from  the  alimentary  canal  undergoes  a  change  in 
the  lacteal  system;  the  quantity  of  fibrin  that  it  contains  being  greater 
in  proportion  to  the  number  of  mesenteric  glands  through  which  it 
has  passed.  In  the  formation  of  the  different  secretions  the  same 
action  of  the  tissues  on  the  fluids  takes  place,  but  in  a  modified  form, 
inasmuch  as  the  components  of  the  blood,  which  have  been  changed 
by  the  action  of  the  tissues,  are  in  this  case  separated  from  it 
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6.  Lastly,  assimilation  is  still  more  remarkably  manifested  in  the 
conversion  of  the  organic  fluids  into  the  formative  particles  of  the  or* 
gans  in  the  process  of  nutrition.  The  blood  in  the  capillaries  comes 
in  contact  with  the  smaller  particles  of  nerves,  muscles,  mucous  mem- 
brane, glands,  &C.,  and  each  tissue  exerts  its  assimilating  action  on 
the  substances  contained  in  the  blood,  changing  their  elementary  com- 
position, nourishing  itself  by  their  appropriation,  and  at  the  same 
time  imparting  to  them  the  property  of  organizing  other  matters  in 
their  turn.  The  essential  phenomenon  of  this  kind  of  assimilation  is 
seen  in  the  germinal  disk  (blastoderms)  of  the  egg,  before  vessels  and 
the  blood  are  formed.  The  germinal  disk  increases  at  the  edges  so 
as  to  form  the  germinal  membrane  at  the  expense  of  the  yolk.  The 
albumen  of  the  yolk  gradually  undergoes  a  change  of  composition, 
and  at  last  ceases  to  be  coagulable  by  heat.  As  soon  as  vessels  are 
developed,  growth  is  effected  by  the  enlargement  of  the  particles 
between  the  capillaries,  and  by  the  formation  of  new  vessels.  If  in 
an  organised  texture,  or  living  substance,  A,  B,  C,  and  D  are  the  ele- 
ments which  are  combined  in  certain  proportions  to  form  each 
organic  molecule,  the  organising  principle  of  the  part  effects  not  only 
the  combination  of  A,  fi,  C,  and  D  to  form  component  particles,  but 
also  the  union  of  these  particles  to  form  organic  tissues;  and  the 
organic  fluids  in  contact  with  them  are  compelled  to  change  their 
composition  to  the  combination  of  A,  B,  C,  and  D,  that  is,  to  form 
atoms  of  this  composition,  while  these  atoms  are  made  to  unite  with 
the  assimilating  organ.  By  atoms  are  here  intended  not  organic 
globules,  but  those  invisible  atoms  which,  in  chemistry,  are  supposed 
to  constitute  the  ultimate  particles  of  a  compound. 

The  production  of  vital  phenomena— of  muscular  contraction,  &c. 
— is  constantly  giving  rise  to  the  decomposition  of  a  certain  quantity 
of  organic  material,  to  replace  which  new  matter  is  supplied  by  the 
nutriment  In  this  respect,  however  inapt  the  comparison  may  be 
in  other  points,  the  animal  machine  resembles  every  other  machine, 
the  action  of  which  necessitates  the  destruction  of  some  material, 
and  which,  like  the  steam-engine,  requires  a  certain  quantity  of  new 
matter  for  the  continuance  of  its  action.  The  most  wonderful  part 
of  the  process  is,  that,  while  the  system  gets  rid  of  its  old  material 
and  developes  vitality  in  the  new,  it  does  not  lose  any  vital  power 
with  the  matter  which  it  casts  off;  it  would  therefore,  almost  appear, 
either  that  the  vital  principle  leaves  the  decomposed  elements,  and 
unites  itself  to  the  new  matter,  or  that  the  nutriment  itself  is  a  source 
of  increase  of  the  vital  principal,  supposing  that  a  portion  of  this 
principle  becomes  inert  with  the  destruction  of  the  old  components  of 
the  animal  body.    (See  page  44.) 

The  first  general  law  tJ^at  regulates  the  formation  of  different 
animal  substances  seems,  as  Autenrieth  remarks,  to  be  the  law  of 
attraction  of  similar  parts  for  each  other.  But  the  particles  of  living 
structures  have  a  great  attraction  among  themselves,  and  therefore 
do  not  leave.their  combination  to  unite  with  the  particles  of  the  nu- 
trient fluid,  while  they  attract  to  themselves  the  analogous  particles 
from  the  blood;  so  that  in  the  exertion  of  this  affinity  it  seems  to  be 
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the  blood  which  principally  undergoes  a  separation  of  its  elements.  I 
cannot  conclude  these  remarks  better  than  in  the  words  of  Autenrieth: 
— ^<fione  secretes  only  osseous  matter;  muscle  secretes  fibrin,  and 
even  a  morbid  scirrhus  or  a  steatoma  grows  by  the  deposition  of 
analogous  matter.  The  growth,  by  the  attraction  of  similar  particles, 
is  not  manifested  merely  in  the  chemical  components  of  an  organ; 
even  in  its  organisation  a  similar  law  prevails.  A  polypous  excre- 
scence of  the  vagina  or  nostrils  differs  less  in  chemical  composition 
than  in  its  organisation  from  the  surrounding  healthy  parts.  Once 
formed,  however,  it  continues  to  a  certain  extent  to  grow  with  its 
own  peculiar  structure.  A  cicatrix,  although  it  possesses  a  structure 
different  from  the  original  organisation  of  the  skin,  continues  to  be 
nourished  in  the  same  form;  it  even  enlarges  as  the  rest  of  the  body 
grows.'*    {Jiutenrieihj  Physiol  ii.  p.  181.) 


SECTION  I. 

OF    RESPIRATION. 

CHAPTER  I. 
Of  Respiration  in  general. 

Composition  of  the  atmosphere. — Oxygen  is  the  essential  respi- 
rable  component  of  the  atmosphere,  of  which  it  constitutes  twenty- 
one  parts  in  100,  seventy-nine  parts  being  nitrogen.  The  proportion 
of  carbonic  acid  in  the  atmosphere  is  extremely  small;  10,000  volumes 
of  atmospheric  air  contain,  according  to  M.  de  Saussure,  only  4.15  of 
carbonic  acid.  In  the  open  country  the  maximum  proportion  of  this 
gas  was  5.74,  the  minimum  3.15,  in  10,000  parts.  In  the  town  of 
Geneva  the  air  contained  0.31  more  carbonic  acid  than  in  the 
country.  {Berzelius,  Jahrb.  iibersetzt.  v.  Woehler^  xi.  64.)  There 
are  also  local  impurities,  such  as  an  organic  matter,  which  rain  water 
likewise  contains,  and  which,  with  the  concurrent  action  of  light, 
reddens  a  solution  of  silver.  (Gmc/iV*  CAcwtc,i.  442.)  Air,  in  which 
men  or  animals  are  breathing,  loses  a  certain  proportion  of  its  oxygen, 
and  in  its  place  acquires  nearly  the  same  volume  of  carbonic  acid. 
The  same  change  is  effected  by  respiration  in  pure  oxygen.  Although 
we  do  not  regard  respiration  really  as  a  species  of  combustion,  yet 
the  great  similarity  of  the  changes  produced  in  the  air  by  the  two 
processes  cannot  but  be  remarked.  In  respiration,  as  in  combustion, 
the  nitrogen  seems  to  act  quite  a  neutral  part^  merely  moderating  the 
process  by  diluting  the  oxygen. 

Respirable  and  irrespirable  gases. — In  considering  the  various 
gases  in  reference  to  respiration  and  the  respiratory  organs,  a  dis- 
tinction must  be  made  between  those  that  are  merely  incapable  of 
supporling  the  process,  and  such  as  are  actually  poisonous  in  their 
action.    Nitrogen  and  hydrogen  are  instances  of  the  former  kind; 
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they  do  not  support  life  when  respired  in  their  pure  state,  but  when 
mixed  with  the  necessary  quantity  of  oxygen  they  are  perfectly  in- 
noxious. Those  gases  which  from  their  affinity  for  animal  matters 
are  decidedly  noxious  to  the  system,  must  be  again  divided  into  two 
classes;  for  several  gases  can  be  taken  into  the  lungs  although 
poisonous  in  their  action,  while  others  cannot  be  inspired  in  any  con- 
siderable quantity,  on  account  of  their  exciting  spasm  of  the  respi- 
ratory organs,  particularly  of  the  glottis. 

The  gases  may  be  classed  according  to  their  physiological  effects 
as  follows: — 

I.  THose  gases  which  support  the  chemical  process  of  respiration. 

a.  Permanently  without  injury  to  life. — Atmospheric  air. 

4.  For  a  certain  period^  but  not  permanently. — Oxygen  and 
nitrous  oxide.  The  respiration  of  oxygen  is  said  to  cause  even  the 
blood  in  the  veins  to  become  of  a  bright  red  colour.  But  at  length 
its  effects  are  injurious.  Allen  and  Pepys,  however,  experienced  no 
ill  effects  from  respiring  pure  oxygen;  and  a  pigeon  which  they 
placed  in  oxygen  gas  merely  became  restless  and  embarrassed,  but 
recovered  when  restored  to  the  air.  Lavoisier  and  Seguin  perceived 
no  disturbance  of  the  functions  in  Guinea  pigs  which  were  kept 
twenty-four  hours  in  oxygen  gas.  Allen  and  Pepys  found  that  when 
oxygen  was  inhaled,  a  larger  proportion  of  carbonic  acid  was  con- 
tained in  the  gas  expired  than  under  ordinary  circumstances;  but  in 
the  case  of  a  pigeon,  less  carbonic  acid  seemed  to  be  formed  than 
during  respiration  in  atmospheric  air.  The  respiration  of  pure 
oxygen  is  injurious  to  phthisical  patients.  Nitrous  oxide  gas  sup- 
ports hfe  for  a  short  time,  but  soon  has  a  stupifying  and  intoxicating 
effect,  producing  excitement,  illusions  of  the  senses,  confusion  of 
mind,  and,  at  length,  syncope.  (Sir  H.  Davy,  Researches  on  Nitrous 
Oxide.)  A  portion  of  the  gas  is  absorbed  into  the  blood,  which  be- 
comes of  a  purple  colour,  while  the  face  and  lips  have  the  colour  of 
death.  Nitrogen  and  a  scarcely  perceptible  quantity  of  carbonic  acid 
are  expired  with  the  gas  from  the  lungs. 

IL  Oases  which  are  respirablcy  but  do  not  support  the  chemical 

process  cf  respiration. 

a.  Gases  which  have  a  positively  injurious  influence^  btitfail  to 
support  life^  simply  from  containing  no  oxygen. — Nitrogen  and 
byorogen.  Lavoisier  and  Seguin  caused  Guinea  pigs  to  respire  a 
mixture  of  equal  proportions  of  oxygen  and  hydrogen;  no  particular 
symptoms  were  produced,  and  the  experimenters  found  that  the 
same  quantity  of  oxygen  was  consumed  as  when  the  mixture  con- 
sisted of  equal  quantities  of  oxygen  and  nitrogen,  and  that  no  hy- 
drogen was  absorbed.  The  researches  of  Allen  and  Pepys  seem  to 
show  that  when  hydrogen  alone  is  respired,  nitrogen  is  exhaled  from 
the  blood.    Allen  and  Pepys  and  Wetterstedt*  state  that  the  respira^ 

*  Bmaliot,  Thierehemie,  101.  Traits  do  Chemie,  tndnit  ptr  Esslinger,  t  vii. 
p.  106. 
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tion  of  hydrogen  produces  a  tendency  to  sleep.  I  placed  some  frogs 
in  impure  hydrogen,  as  prepared  from  zinc  and  dilute  sulphuric  acid, 
and  they  became  insensible  in  a  few  hours;  but  when  I  had  pre- 
viously purified  the  hydrogen  and  freed  it  from  the  fetid  oil,  by 
passing  it  through  alcohol,  a  frog  lived  in  it  twelve  hours,  breath- 
ing from  time  to  time;  at  the  end  of  twenty *two  hours  it  was  appa- 
rently dead,  but  still  moved  slightly  when  taken  out  and  pinched. 
In  other  experiments  frogs  lived  only  three  or  four  hours,  even  in 
pure  hydrogen. 

b.  Poisonous  gases. — Carburetted  hydrogen,  phosphoretted  hy- 
droeen,  sulphuretted  hydrogen,  arseniuretted  hydrogen,  carbonic 
oxide,  cyanogen  Q).  According  to  Thenard,  atmospheric  air  which 
contains  tiW^^  ^^  i^^  volume  of  sulphuretted  hydrogen  will  destroy 
a  bird;  when  it  contains  T^^th  of  its  volume,  it  is  poisonous  to  a  dog; 
and  with  rh^^j  ^^  ^  horse.  Carbonic  acid,  also,  is  one  of  these 
poisonous  gases.  It  excites  no  coughing,  even  when  inspired  in 
large  quantity,  but  produces  narcotism  and  fatal  stupor.  Atmos- 
pheric air,  which  contains  more  than  10  per  cent,  of  carbonic  acid, 
IS  quickly  destructive  of  life.  The  above  gases  also  destroy  life 
when  injected  in  small  quantities  into  the  blood.  {Nysttn.  See 
page  152.) 

III.  Gases  which  in  large  quantity  cannot  be  inspired^  on  ac- 
count of  their  producing  spasmodic  contraction  of  tht  glottis^  and 
whichjwhen  inspired  in  small quantities^excite  coughing, — All  acid 
gases  (with  the  exception  of  carbonic  acid  gas),  chlorine,  nitric  oxide, 
fluoboric  acid  gas,  fluosilicic  acid  gas,  and  ammonia.  {BerzeliuSy 
Thierchemie,  p.  103. — Omelin^  Chemicj  Bd.  iv.  p.  1527.) 

Any  fluid,— water,  for  instance, — acts  on  the  glottis  like  a  solid 
body,  exciting  it  to  spasmodic  contraction,  so  as  even  to  produce 
sufibcation;  while  very  little  irritation  is  produced  by  the  presence 
of  fluid  in  the  lungs  themseWes,  so  that  a  consid^able  quantity  of 
fluid  may  be  injected  into  them  by  an  opening  in  the  trachea  with- 
out exciting  cough. 

•Aquatic  respiration. — A  part  of  the  animals  which  inhabit  the 
water, — namely,  Amphibia  and  aquatic  Mammalia, — come  to  the 
surface  to  respire  atmospheric  air,  and  breathe  by  means  of  lungs; 
others,  as  fishes,  have  gills,  in  which  the  blood  is  aerated  by  the 
water  itself,  or  rather  by  the  air  which  the  water  contains.  The 
water  of  lakes,  rivers,  and  the  ocean,  is  impregnated  with  atmos- 
pheric air,  or,  more  correctly,  with  oxygen  and  nitrogen,  in  determi- 
nate proportions,  which  it  absorbs  from  the  atmosphere.  Humboldt 
and  Provengal  obtained  from  10,000  parts  of  Seine  water,  by  boiling, 
firom  264  to  287  parts  of  gas,  of  which  from  ^V^  ^o  fy^  was  oxy- 
gen, and  from  t^  to  -fj^  carbonic  acid.  It  must  not  be  imagined 
that  the  water  itself  undergoes  any  change  during  respiration;  it  is 
only  the  gas  with  which  it  is  impregnated  that  is  changed,  the  oxygen 
being  removed,  and  the  carbonic  acid  increased  in  quantity.  When 
fishes  are  made  to  respire  water  impregnated  with  oxygen  and  hy- 
drogen, the  oxygen  is  absorbed^  but  the  quantity  of  the  hydrogen 


HECSSSITT  OF  RESPIRATION.  289 

remains  unchanged.  If  fishes  are  placed  in  water  which  has  been 
subjected  to  long-continued  boiling,  they  die  from  want  of  oxygen  in 
the  space  of  four  hours,  during  which  time  their  respiratory  move- 
ments are  continued.  Priestley  found  by  experiment  thai  fishes  will 
live  ten  or  fifteen  minutes  in  water  which  has  been  freed  from  air 
and  afterwards  impregnated  with  nitric  oxide;  but  that  as  soon  as 
the  smallest  quantity  of  atmospheric  air  gains  access  to  such  water, 
the  fishes  are  seized  with  convulsive  motions  and  die. 

The  respiratory  movements. — The  chemical  process  of  respiration 
is  not  essentially  dependent  on  the  respiratory  movements.  They 
merely  serve  to  expel  the  air  or  water  which  has  undergone  the 
change  induced  by  the  chemical  process  constantly  carried  on  be- 
tween it  and  the  blood,  and  to  renew  the  supply  of  fresh  air  or 
water. 

The  lungs,  by  their  internal  surface,  offer  an  immense  expansion 
for  the  action  of  the  blood  and  air  on  each  other;  and,  as  they  are 
never  completely  emptied  by  the  act  of  expiration,  this  action  is  con- 
stant. By  the  contraction  and  dilatation  of  the  chest,  the  motions  of 
which  the  lungs  follow,  a  portion  of  the  altered  contents  of  the  pul- 
monary reservoir  is  first  expelled, and  then  a  new  supply  introduced, 
to  undergo  change  in  its  turn.  Fishes  take  in  fresh  water  by  the 
mouth,  and  then,  passing  it  through  the  branchiae,  expel  a  portion 
through  the  branchial  openings,  the  opercula  or  gill-covers  being 
alternately  raised  and  depressed. 

Volume  of  air  respired, — Sir  Humphry  Davy  calculates  that  the 
human  lungs,  after  the  strongest  expiration,  still  contain  thirty-five 
cubic  inches  olf  air,  and  after  an  ordinary  expiration,  108  cubic  inches; 
he  regards  from  ten  to  thirteen  cubic  inches  as  the  quantity  usually 
expelled  at  each  expiration.^  Herbst  {MeckePs  ^rchiv,  1S28,)  found 
that  adults  of  large  stature,  when  breathing  tranquilly,  inspire  and 
expire  from  twenty  to  twenty-five  cubic  inches;  persons  of  smaller 
stature  sixteen  or  eighteen  cubic  inches. 

Necessity  of  respiration, — The  length  of  time  during  which  life 
can  be  supported  without  respiration  being  performed,  varies  very 
much  in  different  animals,  being  shorter  in  the  Vertebiata,  and  more 
specially  in  the  warm-blooded  Vertebrata,  than  in  other  animals. 
Warm-blooded  animals,  placed  in  the  vacuum  of  tiie  air-pump,  die 
in  less  than  a  minute;  birds,  even  in  from  thirty  to  forty  seconds. 
Reptiles  will  live  a  considerable  time  in  a  vacuum,  and  in  irrespira- 
ble  gases;  and  in  Carradori's  {^nn,  de  Chim,  et  de  Phys.  v.  p.  94,) 
experiments  a  tortoise  placed  under  oil  lived  from  twenty-four  to 
thirty-six  hours.  Frogs  die  in  les!»  than  an  hour  when  placed  under 
oil;  in  water  impregnated  with  air  they  live  a  long  time,  respiration 
being  carried  on  by  the  skin.    Edwards  says  that  toads,  which  he 

*  The  nnmbers  quoted  by  the  author,  althonp^h  mentioned  by  Sir  H.  Davy,  jn 
his  diSerent  experiments,  are  not  thoae  which  he  considered  most  accurately  to 
indicate  the  capacity  of  his  lun^rs.  They  were  251  cubic  inches  in  a  state  of 
voluntary  inspiration;  135  in  a  state  of  natural  inspiration:  118  after  a  natural  ex- 
piration; and  41  after  a  forced  expiration.  This  capacity  Sir  H.  Davy  considered 
Mow  the  medinm,  hit  ehetl  being  narrow. 
25 
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confined  in  baskets  and  placed  in  the  Seine,  lived  several  days;  and 
Spallanzani  and  Edwards  (MeckePs  ^rchiv.v,  141.  Influence  of 
Phys,  .Agents  on  Life^  p.  31,)  have  found  them  live  a  few  hours 
even  in  water  deprived  of  its  air.  I  have  wholly  removed  the  lungs 
of  frogs,  after  tying  them  at  their  root,  and  the  animals  still  lived 
about  thirty  hours,  respiration  being  performed  most  probably  by 
means  of  the  skin.  In  the  experiment  mentioned  above,  the  frog 
placed  in  pure  hydrogen  stewed  distinct  signs  of  life  at  the  end  of 
twelve  hours,  and  respired  from  time  to  time,  and  after  twenty-two 
hours  was  still  only  in  a  state  of  asphyxia.  In  experiments  insti- 
tuted by  Humboldt  and  Provengal,  gold  fishes  lived  an  hour  and 
forty  minutes  in  water  deprived  of  its  air  by  long  boiling;  and  al- 
though in  water  impregnated  with  carbonic  acid,  and  in  carbonic 
acid  gas,  fishes  died  in  a  few  minutes,  the  same  observers  found  them 
live  five  hours  in  nitrogen  and  hydrogen,  in  which  they  kept  their 
gill-covers  closed. 

The  lower  animals  difier  very  much  in  the  degree  in  which  respi- 
ration is  necessary  to  them;  but,  generally  speaking,  it  appears  not 
to  be  essential  for  the  maintenance  of  their  life.  Carradori  states 
that  insects  die  immediately  when  immersed  in  oil,  and  according  to 
Treviranus  they  may  be  killed  very  quickly  by  merely  smearing  the 
openings  of  the  respiratory  organs  with  oil.  Biot,  however,  found 
insects  of  the  genera  Blaps  and  Tenebrio  live  eight  days  under  the 
air-pump  in  air  rarefied  to  a  tension  of  from  one  to  two  millimetres. 
The  larvae  of  the  gad-fly,  in  Schroeder  van  der  Kolk's  experiments, 
lived  a  considerable  time  in  irrespirable  gases.  The  Jarvae  of  some 
insects  live  in  putrefying  vegetable  and  animal  substances,  and  seem 
to  have  little  need  of  pure  oxygen,  although  no  insect  is  known 
which  has  not  a  system  of  tracheal  tubes,  and  which,  therefore, 
during  life  does  not  respire  air.  Berzelius  saw  larvae  living  m  spring- 
water  which  contained  carbonate  of  iron  and  some  sulphuretted  hy- 
drogen. Leeches  seem  to  live  a  long  time  without  fresh  water;  while 
Tiedemann  found  that  Holothuriae  die  in  a  single  day  if  the  sea-water 
in  which  they  are  kept  is  not  renewed.  Intestinal  worms,  which 
inhabit  other  living  beings,  seem  to  dispense  with  respiration.* 

•  For  an  account  of  ihe  respiration  of  hybernating  animals  refer  to  pag©  77^. 
The  respiration  of  ova  will  be  treated  of  in  the  third  chapter  of  this  section.  The 
best  works  of  reference  on  the  subject  of  respiration  in  general,  are— Good  wyn  on 
the  Connection  of  Life  with  Respiration,  London,  1788.  Lavoisier  and  Seguin, 
Ann.  d.  Cliim.  91,  318.  Menzie^s  Tentamen  Physiol,  de  Respirat.  Edinb.  1790. 
Crell,  Ann.  1794,  ii.  33.  Sir  H.  Davy,  Researches  on  Nitrous  Oxide,  Gilbert^s 
Ann.  19,  298.  Pfaff,  in  Gehlen  J.  de  Chem.  v.  103.  Provenpal  et  Humboldt, 
Schweigerer's  Jour.  i.  86.  Mem.  d'Arcueil,  t.  ii.  Edwards,  Ann.  de  Chim.  et  de 
Phy.  2*2,  35;  and  Influence  of  Physical  Agents,  &;c.  Dulong,  Schweigger^s  Jour. 
38,  505.  Despretz,  Ann.  de  Chim.  et  de  Phys.  26,  337.  Spallanzani,  Mem.  sur 
la  Respiration,  Geneve,  1803.  Hausmann,  de  Anim.  Exsnng.  Resp.  Hannover, 
1803.  Sorg,  de  Resp.  Insect,  et  Verm.  Rudolstadt,  1805.  Nitzsch,  de  Resp. 
Anim.  Viteb.  1808.  Nasse,  MeckePs  Arch.  ii.  195,  435.  Treviranus,  Zeitschr. 
fiir  Physiol,  iv.  1. 
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CHAPTER  II. 

OF  THE  RESFIRATORT  APPARATUS  GENERALLY. 

Many  of  the  lower  animals  appear  to  respire  by  their  entire  sur- 
face. When  a  determinate  portion  of  the  external  membrane  destined 
to  effect  certain  changes  in  the  air,  or  in  the  water  impregnated  with 
air,  which  comes  in  contact  with  it^  is  developed  within  a  small 
space  into  a  great  extent  of  surface,  so  as  to  render  the  contact  with 
this  air  or  water  more  extensive,  it  constitutes  a  respiratory  organ. 

Different  forms  of  the  respiratory  organ, — The  development  of 
the  respiring  surface  may  take  place  either  towards  the  interior  of 
the  body  in  the  form  of  ramified  or  sacculated  cavities  called  lungs, 
or  towards  the  exterior  in  the  form  of  lamellated,  ramified,  pecti- 
nated, tufted,  ciliated,  or  pinnated  processes,  called  branchiae,  in 
which  nature  seems  to  have  exhausted  all  imaginable  varieties  of 
form  in  the  increase  of  surface  towards  the  exterior.  In  the  third 
kind  of  respiratory  organ,  the  increase  of  surface  for  the  contact  of 
the  air  and  the  animal  textures  is  obtained  by  the  development  of  a 
system  of  tracheal  tubes,  ramified  to  extreme  fineness,  and  spread 
through  the  most  minute  portions  of  all  the  organs  of  the  body. 
This  is  the  tracheal  system  of  insects,  and  some  of  the  Arachnida. 
The  lungs  generally  respire  air;  there  are,  however,  exceptions  to 
this;  for  instance,  the  respiratory  organ  of  the  Holothuria  consists  of 
a  tube  ramified  in  an  aborescent  form,  in  which  the  respiratory  func- 
tion is  performed  by  water  being  taken  into  the  tubes,  and  again 
expelled  from  time  to  time.  In  animals  provided  with  branchise  or 
gills,  the  respiration  is  generally  effected  by  means  of  water,  but 
sometimes  by  air,  as  is  the  case  in  the  terrestrial  Crustacea. 

Lungs  and  branchiae,  in  their  extreme  forms,  are  completely  dis- 
tinct, but  they  often  approach  each  other  in  their  essential  characters 
80  nearly  that  it  is  difficult  to  determine  to  which  type  the  organ 
belongs.  Thus,  the  gills  of  the  Cyclostomata,  and  of  the  sharks  and 
rays,  are  enclosed  in  sac-like  cavities,  and  the  branchiae  of  the  Asidia 
fonn  a  branchial  sac;  but  the  characters  of  the  two  kinds  of  organs 
are  still  more  confounded  together  in  the  pulmonary  Arachnida,  in 
which  the  respiratory  organs  have  the  characters  both  of  lungs  and 
branchiae  at  the  same  time;  and  when  Treviranus  called  them  bran- 
chiae,and  I  named  them  lungs,  we  were  perhaps  both  equally  correct 
or  incorrect.  In  some  insects,  too,  there  is  a  mixed  form  of  respiratory 
organ,  partly  branchial,  partly  tracheal. 

In  the  Infusoria  the  only  respiratory  organs  seem  to  be  delicate 
cilia,  with  which,  in  many  species,  the  surface  is  in  part  or  wholly 
occupied;  they  are  so  minute  that  it  requires  the  highest  magnifying 
powers  to  see  them. 

Among  the  Echinodermatay  the  respiratory  organ  of  the  Holo- 
thuria is  remarkable;  it  is  a  tube  ramified  in  an  arborescent  form 
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with  terminal  cellules,  respiration  being  performed  by  ttie  contact  of 
water,  taken  in  by  the  main  tube,  with  the  inner  surface  of  the 
organ. 

In  the  Annelida  the  respiratory  organs  are  sometimes  tufted 
branchiae  of  a  branched  form,  as  in  the  Arenicolae,  and  similar  organs 
exist  on  the  feet  of  the  Nereides. 

Among  the  Molltisca  some  breathe  in  the  water  by  means  of 
branchisB,  others  by  lungs  in  the  air. 

In  the  Crustacea  the  organs  of  respiration  are  branchiae,  and  the 
function  is,  in  nearly  the  entire  class,  performed  in  the  water. 

The  •drachnida  are  divided  into  the  pulmonary  and  the  tracheal 
Arachnida.  The  respiratory  organs  of  the  first  order  are  situated  at 
the  under  surface  of  the  abdomen.  They  are  small  sacs  opening 
externally,  each  by  a  separate  stigma.  The  aquatic  Arachnida  re- 
spire the  air  which  is  confined  among  the  hairs  of  their  body  when 
they  descend  into  the  water. 

^11  insects  have  a  system  of  ramifying  tracheas,  and  in  the  greater 
number  the  respiration  is  aerial,  the  air  being  inhaled  through  a 
series  of  stigmata,  which  are  generally  situated  at  the  sides  of  the 
rings  of  the  abdomen.*  From  the  stigmata  the  air  is  carried  by  the 
tracheae,  in  some  insects,  into  vesicles  from  which  the  rest  of  the  tra- 
cheal tubes  arise;  in  others,  into  longitudinal  trunks-,  which  ramify 
throughout  the  most  delicate  parts  of  the  animal.  In  several  insects, 
particularly  in  the  Orthoptera,  there  are  distinct  respiratory  move- 
ments— alternate  dilatation  and  contraction  of  the  abdomen. 

The  larvae  of  many  insects  breathe  by  means  of  branchiae  in  the 
water;  and  some  insects,  which  in  the  larval  state  are  aquatic,  like- 
wise respire  water  when  they  have  attained  their  perfect  condition, 
although  they  have  an  internal  tracheal  apparatus. 

Respiratory  organs  of  fishes, — In  the  osseous  fishes  there  are 
four  gills  on  each  side,  supported  by  the  same  number  of  long  bran- 
chial arches.  Each  gill  consists  of  a  double  series  of  lancet-shaped 
lamellae  attached  to  the  branchial  arch,  like  the  teeth  of  a  comb  to 
its  back.  These  lamellae  are  frequently  united  for  some  distance  at 
their  base;  they  give  off  at  right  angles  smaller  lateral  lamellae. 
Each  of  the  four  branchial  arteries,  commencing  its  course  at  the 
inferior  extremity  of  the  branchial  arch,  runs  in  a  groove  along  the 
convex  border  of  the  arch  to  its  upper  extremity,  gradually  diminish- 
ing in  size;  the  veins  run  parallel  with  the  arteries,  but  in  the  oppo- 
she  direction  to  them,  becoming  larger  as  the  latter  become  smaller, 
and,  meeting  on  the  vertebral  column,  unite  to  form  the  aorta.  Each 
branchial  artery  gives  off  in  the  course  just  described,  as  many 
branches  as  there  are  branchial  lamellae.  These  branches  bifurcate 
twice,  and  terminate  in  the  lateral  capillary  vessels  of  the  smaller 
lamellae,  in  which  the  veins  take  their  rise  and  run  in  a  corresponding 
manner  on  the  opposite  side  of  the  branchial  lamellae. 

Branchiae  of  •Amphibia. — The  respiratory  organs  of  the  tadpole 

*  See  the  representations  of  the  tracheal  system  of  many  insects  by  Marcel  de 
Serres,  Isis,  1819,  iv. 
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are  branchiae.  There  is  a  branchial  cavity  on  each  side,  and  each 
cavity  contains  four  branchial  arches,  from  which  branchial  lamellse 
arise.  The  branchial  cavity  on  the  right  side  is  completely  closed  in 
by  the  skin;  on  the  left  side  a  small  opening  is  left.  The  anterior 
extremities  are  developed  in  the  branchial  cavities. 

The  larva  of  the  salamander  has  external  gills,  with  four  branchial 
clefts.  The  Proteus  family  have  also  external  branchiae,  three  in 
number,  attached  to  branchial  arches.  In  th^  Siren  there  are  three 
branchial  clefts  on  each  side,  in  the  Proteus  two,  and  in  the  Axolotl 
four.  The  Proteus  family,  throughout  life,  as  well  as  the  larvae  of 
the  salamander  and  frog,  in  the  second  stage  of  their  development, 
have  both  lungs  and  branchiae,  and  consequently  respire  both  air 
and  water.  From  the  aortic  arches,  or  division  of  the  main  artery, 
the  branchial  arteries  arise;  and  in  these  arteries  the  branchial  veins 
terminate. 

The  lungs  of  reptiles  and  Amphibia  are  essentially  mere  sacs,  of 
which  the  internal  membrane  is  developed  into  folds,  forming  cells, 
so  as  greatly  to  increase  the  extent  of  surface.  In  most  Amphibia 
there  is  a  membranous  trachea  leading  to  the  lungs,  but  it  is  gene- 
rally very  short;  in  the  anourous  Amphibia  the  larynx  leads  almost 
immediately  into  the  membranous  bronchi.  The  first  appearance  of 
the  cartilaginous  plates  of  the  bronchi  is  in  the  Dactylethra,  in  which 
they  form  very  irregularly  branched  and  even  perforated  lamellae, 
having  no  resemblance  to  bronchial  rings.  In  the  Pipa,  which  is 
allied  to  the  Dactylethra,  cartilaginous  rings  are  met  with.  The 
bronchus  of  the  Caeciliae  has  regular  rings  of  cartilage. 

In  the  true  reptiles  the  respiratory  surface  is  extended  by  increase 
of  the  number  of  cells  in  the  interior  of  the  lungs. 

In  birds  the  lungs  do  not  occupy  the  greater  part  of  the  thoracic 
cavity,  as  in  Mammalia.  They  lie  at  the  posterior  part^  intimately 
connected  with  the  ribs  and  bound  down  bv  the  serous  membrane, 
which  lines  the  common  cavity  of  the  abdomen  and  thorax;  for  in 
birds  the  diaphragm  is  not  developed.  On  the  surface  of  the  lungs 
there  are  openings,  through  which  air  passes  from  the  bronchi  into 
large  cells,  shuated  around  the  pericardium  and  between  the  viscera 
of  the  abdomen.  The  bird  can  distend  these  cells  with  air,  but  can- 
not by  that  means  render  itself  lighter  for  the  purpose  of  flying."* 
The  cells  communicate  again  with  the  cavities  of  the  bones,  the 
majority  of  which  are  filled  with  air.  The  body  of  the  bird  is  thus,  - 
of  course,  rendered  specifically  lighter  than  if  its  bones  contained 
medulla.  When  a  bird  descends  from  a  great  elevation,  where  the 
air  is  rarefied,  into  a  denser  atmosphere,  the  air  within  its  body  very 
soon  acquires  the  same  tension  as  the  surrounding  atmosphere. 
Another  peculiarity  in  the  structure  of  the  lungs  in  birds  is,  that  their 
bronchi  terminate  in  short  blind  cylindrical  tubes,  which  lie  side  by 
side  and  have  cellular  parietes.  In  the  embryo  of  the  bird  these 
tubes  are  still  more  distinct  and  more  separated  from  each  other,  and 

*  This  was  shown  by  Kolhraascb,  De  Aviam  Saocoram  Aerioram  Utilitate* 
GdUingen,  1839. 
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have  terminal  dilatations.  Retzius  (Froriep*s  Not.  749)  remarks, 
likewise,  that  the  small  bronchial  tubes  in  birds  communicate  with 
each  other. 

In  man  and  Mammalia  the  structure  of  the  lungs  is  essentially 
different.  The  minute  bronchi  have  not  the  cellular  parietes  which 
we  have  described  in  birds,  but  terminate  each  in  a  distinct  celU 
These  cells,  or  air  vesicles,  do  not  communicate  one  with  another, 
their  only  opening  is  that  of  the  minute  bronchial  twig  which  leads 
into  each.  Reisscisen  {De  Fabricd  Pulmonum,  Berol.  1822,)  has 
described  a  small  artery,  with  its  accompanying  vein,  going  to  each 
of  these  cells  and  forming  around  it  a  capillary  network,  which  is 
so  close  that  the  diameter  of  the  meshes  is  scarcely  so  great  as  that 
of  the  small  vessels  which  form  it.  The  diameter  of  a  pulmonary 
vesicle  is  twenty  times  greater  than  that  of  one  of  the  capillaries 
which  are  distributed  in  its  parietes.  As  the  diameter  of  the  pulmo- 
nary artery  is  Jth  smaller  than  that  of  the  aorta, — their  diameters 
being  in  the  proportion  of  five  to  six, — the  sectional  area  of  the  pul- 
monary artery,  in  comparison  with  that  of  the  aorta,  must  be  in  the 
proportion  of  twenty-five  to  thirty-six,  or  of  about  two  to  three.  If, 
therefore,  the  smallest  divisions  of  the  pulmonary  artery  bear  the 
same  proportion  to  the  trunk,  as  the  capillary  vessels  of  the  t>ody 
bear  to  the  aorta,  the  aggregate  sectional  area  of  the  capillary  ves- 
sels of  the  lungs  ought  to  equal  two-thirds  of  the  aggregate  sectional 
area  of  the  capillaries  of  the  rest  of  the  body.  It  is  very  improbable, 
however,  that  this  is  the  case;  consequently  the  increase  of  capacitr 
with  which  the  ramification  of  the  arteries  of  the  body  is  attended, 
must  be  much  greater  than  that  which  takes  place  in  the  ramification 
of  the  pulmonary  artery. 

Respiration  is  effected  by  the  contact  of  the  air  with  the  blood, 
the  smallest  particles  of  which,  in  its  passage  through  the  innumer- 
able capillaries  ramifying  on  the  cells  of  the  lungs,  are,  by  means  of 
the  immense  surface  which  all  these  cells  offer,  exposed  to  the  action 
of  the  atmosphere.  The  chemical  process  which  ensues  between  the 
air  and  the  blood,  is  carried  on  through  the  delicate  membranous 
parietes  of  the  cells,  in  accordance  with  the  laws  developed  at  pages 

249-252. 


CHAPTER  III. 

OF  THE  RESPIRATION  OF  MAN  AND  ANIMALS. 

1,  Of  respiration  in  the  Mr. 

Changes  produced  in  the  air  by  respiration, — The  earliest  accu- 
rate experiments  on  respiration  are  those  of  Lavoisier  and  Seguin. 
They  found  that  the  air  expired  contained  more  carbonic  acid  and 
water,  and  less  oxygen,  than  that  which  was  inspired;  the  amount 
of  carbonic  acid  gained  being  somewhat  less  than  that  of  the  oxygen 
which  had  disappeared.    It  being  known  that  one  voluihe  of  oxyg^Q 
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united  with  its  proportional  of  carbon,  forms  one  volume  of  carbonic 
acid,  it  was  conceived  that  the  greater  part  of  the  oxygen  had  united 
with  the  carbon  of  the  blood,  so  as  to  form  carbonic  acid,  which  was 
expired  in  the  gaseous  form;  while  the  rest  of  the  oxygen',  combining 
with  hydrogen  contained  in  the  blood,  had  given  rise  to  the  watery 
vapour  which  is  exhaled  from  the  lungs  in  considerable  quantity. 
Taking  the  mean  result  of  the  experiments  of  Lavoisier,  Menzies, 
Abernethy,  Thomson,  and  Hales,  it  would  appear  that  the  quantity 
of  watery  vapour  exhaled  by  an  adult  in  twenty-four  hours  amounts 
to  7963  grains.  This  water  contains  some  animal  matter.  (Omelih'a 
Chemie,  iv.  p.  1524.) 

QuaniUy  of  carbonic  acid  generated, — Sir  Humphry  Davy  having 
ascertained  that  a  portion  of  air,  which  measured  161  cubic  inches, 
was  composed  of  117  cubic  inches  nitrogen,  42.4  cubic  inches 
oxygen,  and  1.6  cubic  inch  carbonic  acid,  respired  it  for  the  space  of 
a  minute,  during  which  time  he  performed  nineteen  respirations.  At 
the  termination  of  the  experiment  he  found  the  air  to  consist  of 
111.6  cubic  inches  nitrogen,  23.0  cubic  inches  oxygen,  and  17.4  cubic 
inches  carbonic  acid.  Consequently  15.8  cubic  inches  of  carbonic 
acid  had  been  generated  in  his  lungs  in  one  minute.  {Sir  H.  Davy^ 
Researches  on  Nitrous  Oxide,  p.  433.) 

Messrs.  Allen  and  Pepys*  afterwards  investigated  the  subject  in 
an  admirable  manner.  The  air  was  inspired  from  one  gasometer 
and  expired  into  another.  As  the  mean  result  of  their  numerous 
observations  they  adopt  their  eleventh  experiment,  in  which  300 
cabic  inches  of  carbonic  acid  were  exhaled  in  eleven  minutes,  or 
about  27.2  cubic  inches  in  one  minute.  After  frequent  repetition  of 
their  experiments,  they  found  that  air,  after  being  once  respired,  con- 
tains 8  or  8i  per  cent,  of  carbonic  acid;  and  that  however  often  the 
same  air  is  respired,  even  if  until  it  will  no  longer  sustain  life,  it  does 
not  become  charged  with  more  than  10  per  cent,  of  this  gas. 

Allen  and  Pepys  ascertained,  moreover,  that  a  man  respiring 
oxygen  generates  more  carbonic  acid  than  when  breathing  common 
air.  Thus,  for  100  parts  of  oxygen  inhaled,  12  parts  of  carbonic 
acid  were  expired,  and  a  considerable  quaLtity  of  nitrogen  was  de- 
veloped at  the  same  time. 

Gmelin  {Chemicy  iv.  1525,)  has  collected  the  results  of  the  different 
experiments  of  Davy,  Berthollet,  Allen  and  Pepys,  Menzies,  and 
Front;  and,  taking  the  mean  of  all  these,  it  would  appear  that  100 
parts  of  air,  once  respired,  contain  5.82  parts  of  carbonic  acid. 

Dr.  Prout's  (j^nn.  Phil.  vol.  ii.  p.  330;  and  vol.  iv.  p.  331—334,) 
experiments  seem  to  show  that  the  quantity  of  carbonic  acid  gene- 
rated in  a  given  time  is  greatest  between  the  hours  of  eleven,  a.  m., 
and  one,  p.  m.;  smallest  between  the  hours  of  half-past  eight,  p.  ic., 
and  half-past  three,  a.  m.  If  the  quantity  of  carbonic  acid  generated 
in  respiration  is  from  any  cause  increased  for  a  period,  it  afterwards 
sinks  in  the  same  proportion  below  the  usual  quantity.    The  amount 

•  Phllot.  Trintaet  1808,  1809.    Schweigger's  Joarnal,  t  1;  and  Meckel's 
AicliiT.  iiL  sm. 
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of  carbonic  acid  exhaled  by  the  same  person  is  diofiinished  by  de^ 
pressing  passions^  by  violent  exercise,  by  taking  spirituous  liquors, 
tea,  or  vegetable  food,  and  by  the  long-continued  use  of  mercury. 
Carbonic  acid  is  exhaled  in  larger  quantity  when  the  barometer  is 
low. 

The  quantity  of  carbonic  acid  formed  by  the  process  of  respiration 
in  twenty-four  hours,  was  calculated  by  Lavoisier  and  Seguin  to  be 
14,930  cubic  inches,  or  8534  grains;  Davy  estimated  it  at  31,680 
cubic  inches,  or  17,811  grains;  and  Allen  and  Pepys  at  39,600  cubic 
inches,  or  18,612  grains.  The  quantity  of  carbon  thus  removed 
from  the  blood  would  be,  consequently,  according  to  Lavoisier's  cal- 
culation, 2820  grains;  according  to  Davy's  estimate,  4853  grains;  and 
5148  grains,  according  to  the  calculation  of  Allen  and  Pepys.  In  all 
these  calculations,  the  quantity  of  carbonic  acid  is,  as  Berzelius  re- 
marks, evidently  too  great;  for  the  solid  food  taken  into  the  body 
contains  three-fourths  of  its  weight  of  water,  and  of  the  other  fourth 
seldom  more  than  half  is  carbon;  consequently,  six  and  a  quarter 
pounds  of  solid  food  would  be  necessary  to  supply  the  quantity  of 
carbon  which,  according  to  these  estimates,  is  excreted  from  the  body 
by  the  lungs  in  twenty-four  hours,  independently  of  what  is  got  rid 
of  in  other  ways. 

ndmount  of  oxygen  consumed. — Davy,  Pfaff,  Berthollet,  and  Allen 
and  Pepys,  all  agree  that  the  air,  once  respired,  is  diminished  in 
volume.  Allen  and  Pepys  attributed  this  loss,  which  they  estimated 
at  not  more  than  ^ ^f  of  the  whole,  to  accidental  circumstances. 
When  the  same  air,  however,  is  respired  repeatedly  as  long  as  it  can 
be  borne,  the  diminution  in  volume  is  very  distinct;  for,  taking  the 
mean  of  the  estimates  which  have  been  given  by  Lavoisier,  Goodwin, 
Davy,  Allen  and  Pepys,  and  Pfaff,  it  would  be  /^th  of  the  volume 
of  the  air  inspired.     {Omelin^s  Chemie^  iv.  p.  1525.) 

The  results  of  most  experiments  which  have  been  made  on  the 
subject  seem  to  leave  no  doubt  that  less  carbonic  acid  is  formed  during 
respiration  than  will  replace  the  oxygen  which  disappears.  Allen 
and  Pepys,  who  are  the  only  observers  that  failed  to  perceive  this 
difference  during  ordinary  respiration,  did  not  consider  that  atmos- 
pheric air  already  contains  a  small  proportion  of  carbonic  acid,  which 
alone  would  make  a  considerable  difference  in  the  results. 

Is  i he  proportion  of  nitrogen  in  the  air  changed  by  respiration} 
During  the  respiration  of  man  and  of  the  higher  animals,  the  nitrogen 
of  the  atmosphere  seems  to  be,  under  some  circumstances,  absorbed, 
and  under  others  exhaled. 

The  conclusion  to  be  deduced  from  all  the  experiments  on  this 
subject,  seems  to  be,  that  during  respiration  nitrogen  is  both  absorbed 
and  exhaled  by  the  blood;  and  that  it  is  from  the  exhalation  of  the 
nitrogen  being  counterbalanced  by  its  absorption,  that  this  exhalation 
is  not  observed,  except  when  the  air  respired  itself  contains  no  nitro- 
gen. The  discrepancy  in  the  results  obtained  by  different  experi- 
menters in  regard  to  this  point,  is  explained  by  M.  Edwards,^  by 

*  Ann.  de  Chim.  et  de  Phys.  93,  35.  Inflaenee  of  Physical  Agents,  &e.f  ppt 
836^229. 
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supposing  that  nnder  certain  circumstances  the  absorption  of  nitrogen 
is  most  active,  under  other  circumstances  the  exhalation. 

M.  Collard  de  Martigny,  (Joum.  de  Physiol.  1830,)  who  found 
an  increased  proportion  of  nitrogen  in  air  which  had  been  respired, 
also  observed  an  exhalation  of  nitrogen  by  the  skin.  On  the  ground 
that  nitrogen,  like  all  other  gases,  is  imbibed  by  moist  animal  mem- 
branes and  by  the  skin,  M.  Collard  assumes  that  the  absorption  and 
exhalation  of  nitrogen  go  on  at  the  same  time  in  the  lungs,  but  that 
the  exhalation  is  the  more  active.  Berzelius  (Jahrb.  iv.  217,)  regards 
the  idea  of  a  simultaneous  exhalation  and  absorption  of  nitrogen  as 
absurd. 

Respiration  of  cold-blooded  animals. — I  have  instituted  several 
experiments  on  frogs,  to  ascertain  the  quantity  of  carbonic  acid 
formed  by  the  respiratory  process  in  these  animals.  Their  results, 
together  with  those  of  three  experiments  by  M.  Edwards,  {Influence 
of  Physical  Agents^fyc.^  afford  0-57  cubic  inch,  or  rather  more  than 
half  a  cubic  inch,  as  the  quantity  of  carbonic  acid  formed  by  the 
respiration  of  a  single  full-grown  frog  in  six  hours. 

From  the  results  of  my  three  experiments,  I  have  again  calculated 
the  quantity  of  carbonic  acid  formed  in  100  minutes  for  every  100 
grains  of  the  animal;  and  comparing  the  numbers  thus  obtained, 
with  some  experiments  on  frogs  and  toads  by  Treviranus,  (25rf/- 
schrififUr  Physiol,  iv.  H.  i.  p.  23,)  who  had  reduced  his  results  to 
the  same  conditions  of  temperature  and  atmospheric  pressure,  and 
also  calculated  them  for  100  grains  of  the  animal,  and  for  100  minutes 
of  time,  it  would  appear  that  for  every  100  grains  of  a  frog  or  toad, 
^yh  of  a  French  cubic  inch  of  carbonic  acid  is  formed  in  100  minutes. 

Treviranus  has  investigated  in  an  excellent  manner  the  respira- 
tion of  the  lower  animals,  also,  and  reduced  the  results  to  the  same 
standard  with  regard  to  heat,  atmospheric  pressure,  time,  and  weight 
of  the  animal,  as  in  his  experiments  on  frogs  and  toads;  and  from 
his  calculation  it  appears  that,  in  proportion  to  their  weight,  inverte- 
brate animals  generate  as  much  carbonic  acid  as  the  Amphibia. 

Comparison  of  the  products  of  the  respiration  of  cold-blooded 
and  warm-blooded  animals.^Fvom  the  results  obtained  by  different 
observers,  in  experiments  on  the  respiration  of  birds  and  Mammalia, 
Treviranus  has  calculated  the  amount  of  carbonic  acid  formed,  and 
of  oxygen  absorbed,  for  everv  100  grains  weight  of  each  animal 
during  the  space  of  100  minutes. 

Taking  the  mean  of  the  data  afforded  by  his  table,  it  appears  that 
for  every  100  grains  weight  of  a  mammiferous  animal,  0-52  French 
cubic  inch  [0-62  Engl.  cub.  in.]  of  carbonic  acid  is  formed  in  100 
minutes,  and  for  every  100  grains  of  birds,  0-97  French  cubic  inch 
[1*16  Engl.  cub.  in.],  in  the  same  space  of  time.  We  have  already 
seen  thht,  according  to  the  results  of  the  experiments  of  Treviranus 
and  myself,  0 05  French  cubic  inch  [006  English  cub.  in.]  of  car- 
bonic acid  are  exhaled  by  frogs  and  toads  in  100  minutes  for  every 
100  grains  of  their  weight;  consequently  the  quantity  of  carbonic 
acid  generated  by  cold-blooded  animals  is  10  times  less  for  the  same 
weight  of  the  animal,  than  is  formed  by  the  respiration  of  Mamma- 
lia,  and  19  times  less  than  is  generated  by  birds. 
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Treviranus  has  found,  that  in  most  insects  the  carbonic  acid  gene- 
rated by  respiration  is,  in  proportion  to  their  weight,  in  as  great 
quantity  as  in  Mammalia,  although  in  some  cases  it  approaches  the 
proportion  observed  in  Amphibia.  The  small  amount  of  animal  heat 
developed  by  insects  cannot,  then,  be  explained  by  the  proportion  of 
the  carbonic  acid  formed  in  the  respiratory  process;  but  Treviranus 
supposes  that  their  low  temperature  may  arise  from  heat  becoming 
latent  in  them  during  the  development  of  the  nitrogen,  which  they 
exhale  in  large  quantity.  It  appears  however  from  the  experiments 
of  Mr.  Newport,*^  that  the  amount  of  heat  generated  by  insects  has, 
hitherto,  been  much  underrated. 

But  even  if  the  results  of  experiments  on  insects  be  rejected  on 
account  of  their  being  subject  to  error  from  the  small  size  of  the 
animal,  still,  even  in  the  case  of  Mammalia  and  Amphibia,  the  dif- 
ference of  temperature  cannot,  with  any  probability  of  truth,  be 
referred  to  the  difference  in  the  quantity  of  carbonic  acid  generated 
in  the  two  orders  of  animals. 

The  experiments  of  Treviranus  seem  to  show  that  the  generation 
of  carbonic  acid  by  the  lower  animals,  is  influenced  by  the  tempera- 
ture of  the  medium  in  which  they  respire.  At  81 J  °  Fahr.  a  honey- 
bee exhaled  nearly  three  times  as  much  carbonic  acid  as  it  did  at 
58i^.  In  general,  the  carbonic  acid  generated  during  respiration  in 
the  open  air  was  insufficient  to  replace  the  oxygen  absorbed.  The 
quantity  of  oxygen  consumed  in  the  respiration  of  cold-blooded 
animals  was  often  three  times  as  great  as  that  of  the  carbon  exhaled« 

Molluscous  animals,  however,  do  not  merely  extract  all  the  oxygen 
from  the  air  in  which  they  are  placed;  they  continue  after  this  to 
exhale  carbonic  acid.  Treviranus  observed  in  all  his  experiments 
on  the  lower  animals  that  nitrogen  was  exhaled,  and  in  a  few  cases 
its  quantity  even  exceeded  that  of  the  carbonic  acid  formed. 

2.   OF  RESPIRATION  IN  WATER. 

Changes  produced  in  the  water  by  the  respiration  of  fishes. — 
The  question  of  the  exhalation  or  absorption  of  nitrogen  during 
respiration  is  rendered  still  more  complicated  by  the  fact  observed 
by  Humboldt  and  Provengal,  namely,  that  fishes  absorb  a  con- 
siderable quantity  of  azote  from  the  water  in  which  they  respire. 
Some  fishes  were  kept  during  eight  hours  and  thirty  minutes  in  4000 
cubic  centimetres  of  water.  Before  the  experiment  2582  parts  of 
the  water  contained  524  parts  of  air;  after  the  experiment  the  same 
quantity  of  the  water  yielded  only  453  parts  of  air.  Humboldt  and 
Provencal  attribute  this  loss  of  71  parts  of  air  to  the  effect  of  respira- 
tion; and  from  the  difference  of  the  constitution  of  the  air  before  and 
after  the  experiment,  they  calculate  the  proportion  of  the  gases  which 
had  been  absorbed  or  exhaled. 

The  experiments  of  the  same  physiologists  show,  moreover,  that 
fishes  absorb  more  oxygen  than  is  replaced  by  the  carbonic  acid  ex- 

*  See  page  87,  and  Mr.  Newport's  paper  on  the  respiration  of  inseets  in  the 
Philos.  Trans,  for  1833. 
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haled,  which  amounts,  at  most,  to  f  ths,  and  frequently  to  J  only,  of 
the  oxygen  absorbed. 

It  appears,  from  their  researches,  that  fishes  in  rivers  are,  with 
reference  to  the  quantity  of  oxygen  in  the  medium  which  they  re- 
spire, in  the  same  condition  as  an  animal  breathing  in  an  atmosphere 
that  contains  less  than  one  per  cent,  of  oxygen;  for  water  never  con- 
tains more  than  ^f  J^  of  its  volume  of  air,  of  which  31  per  cent,  is 
pure  oxygen. 

Mammalia  appear  to  generate  fifty  times  more  carbonic  acid  than 
fishes. 

Bespiraiion  of  Jishes  by  the  skin, — Fishes  absorb  oxygen  and 
exhale  carbonic  acid,  not  merely  with  their  gills,  but  with  the  whole 
surface  of  their  body,  as  long  as  they  are  surrounded  with  water 
impregnated  with  atmospheric  air,  but  not  when  they  are  exposed 
to  the  air  itself. 

Respiration  of  Jishes  in  the  air, — As  long  as  the  gills  are  kept 
moist,  fishes  will  continue  to  respire  in  the  air,  and  will  absorb 
exactly  the  same  quantity  of  oxygen  as  by  respiration  in  the  water. 
Aquatic  respiration  differs  then  from  respiration  in  the  air  less  essen- 
tially than  might  at  first  appear.  A  moist  surface  is  necessary  even 
in  pulmonary  respiration. 

Ermann  states  that  the  Cobitis  fossilis,  which  lives  chiefly  in  the 
mud,  comes  to  the  surface  to  swallow  air,  which  subsequently  under- 
goes in  the  intestines  the  usual  changes  produced  by  respiration,  and 
is  afterwards  evacuated  by  the  anus.  The  swimming  bladder  of 
fishes  also  contains  air,  of  which  one  component  is  oxygen;  but  this 
air  is  not  derived  from  without;  it  is  secreted  by  the  inner  surface  of 
the  sac.  The  proportion  which  the  oxygen  bears  to  the  nitrogen  is 
sometimes  greater,  sometimes  less,  in  the  air  of  the  swimming  bladder 
than  it  is  in  the  atmosphere.  In  many  fishes,  as  in  the  carp,  the  air- 
bladder  communicates  with  the  pharynx.  The  tube  which  leads 
from  the  air-bladder  sometimes  opens  into  the  pharynx  by  a  wide 
orifice;  sometimes,  as  in  the  carp,  the  opening  is  so  narrow  that  no 
air  can  enter  the  tube  from  the  pharynx,  and  it  is,  probably,  only 
when  the  bladder  is  much  distended  that  any  air  can  force  its  way 
out  of  it.  In  many  fishes  the  communication  does  not  exist  at  all, 
and  in  them  there  is  usually  a  red  vascular  and  peculiar  tissue  in  the 
walls  of  the  bladder,  destined  for  the  secretion  of  the  air;  and  even 
when  the  air-bladder  does  communicate  with  the  pharynx,  it  is  most 
probable  that  the  air  is  thus  secreted.  Rupture  of  the  air-bladder  does 
not  always  deprive  the  fish  of  the  power  of  maintaining  its  balance, 
— the  fish  does  not  always  fall  upon  the  side.  The  air-bladder  is 
probably  intended  to  enable  the  fish  to  alter  its  specific  gravity,  which 
it  may  do  by  compressing  the  air  by  means  of  the  abdominal  parietes, 
or  on  the  other  hand,  by  increasing  the  distension  of  the  bladder. 
(See  G.  Fisher,  uber  die  Schwimmblase  der  Fische.  Leipz.  1795. 
G.  R.  Treviranus,  Vermischte  Schriften,  2  bd.  156.) 

Many  animals  which  respire  by  means  of  branchiae  in  the  water, 
produce  remarkable  currents  in  the  water  around  the  branchias. 
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These  currents  are  now  known  to  be  produced  by  the  vibration  of 
minute  cilia,  and  the  phenomenon  is  called  ciliary  motion.  {See  the 
Chapter  on  Ciliary  Motion.) 

3.   OF  TBS  RESPIBATION  OF  TBS  EMBETOS  OF  ANIMALS. 

The  embryos  even  of  frogs  and  toads,  of  sharks  and  rays,  and  of 
the  sword-fish,  are  provided  with  exteinal  branchiae  for  aquatic  re- 
spiration. 

The  ova  of  oviparous  animals  during  their  development  effect  the 
same  changes  in  the  surrounding  air  as  the  adult  animals;  and  they 
are  not  developed,  if  the  supply  of  atmospheric  air,  or  of  water  im- 
pregnated with  it,  is  prevented. 

Rejspiration  cftht  embryos  of  birds  and  insects, — The  embryo  in 
the  egg  of  the  bird  perishes,  if  the  shell  is  covered  with  varnish  or 
oil.  In  warm  water  also  the  development  of  the  egg  of  birds  is  not 
maintained,  nor  in  irrespirable  gases  according  to  Viborg's  expe- 
riments. {Mhandl,  fur  Thierdrzte  und  OEconomen.  iv. '445.) 
Schwann  has  shown  that  when  eggs  of  the  common  hen  are  kept  at 
the  proper  temperature  in  gases  which  contain  no  oxygen,  although 
the  enlargement  of  the  germinal  membrane,  its  division  into  the 
serous  and  mucous  layers,  and  the  formation  of  the  area  pellucidaj 
take  place,  yet  neither  blood  nor  embryo  is  formed. 

Atmospheric  air  has  such  free  access  to  the  ovum  through  the 
pores  of  the  shell  of  the  bird's  egg,  that  it  is  almost  impossible  for 
the  air  not  to  be  acted  on  by  the  blood  in  the  vessels  of  the  allantois, 
the  chief  function  of  which  would  indeed  seem  to  be  to  bring  a  large 
number  of  blood-vessels  as  near  the  surface  as  possible. 

Respiration  of  the  embryo  of  Mammalia. — The  first  stages  of 
the  development  of  the  ovum  of  Mammalia  take  place  not  merely 
without  the  access  of  atmospheric  air,  but  even  before  the  ovum  has 
any  connection  with  the  parent,  and  when  it  is  merely  surrounded  by 
the  secretions  of  the  uterus.  At  no  period  of  their  development  do 
the  embryos  of  Mammalia  respire  in  the  ordinary  sense  of  the  term; 
but  the  function  of  respiration  is  in  them  supplied  by  their  connec- 
tion with  the  parent  animal.  E.  II.  Weber  has  demonstrated  by 
some  very  interesting  dissections  the  manner  in  which  the  placenta 
and  uterus  are  connected  in  the  human  subject,  and  has  shown  that 
in  man,  as  well  as  in  ruminating  animals,  no  direct  communication 
exists  between  the  vessels  of  the  foetus  and  those  of  the  mother. 

There  are  several  circumstances  which  render  it  probable  that  the 
placenta  performs  a  function  analogous  to  the  respiration  of  the  ova 
of  oviparous  animals. 

Thus,  in  the  first  place,  interruption  of  the  circulation  in  the  um- 
bilical vessels  causes  the  death  of  the  ovum;  secondly,  respiration  is 
necessary  to  the  ova  of  oviparous  animals,  and  is  effected  by  the 
allantois  membrane,  which  receives  the  same  vessels,  as  the  chorion 
of  the  ovum  of  man  and  Mammalia,  namely,  the  umbilical  vessels; 
and  the  third  circumstance  is,  that  in  the  same  order  of  animals,  both 
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oviparous  and  viviparous  genera  occur.  Thus  the  ova  of  the  majo- 
rity of  serpents  and  lizards  are  developed  in  the  air;  the  ova  of  the 
Lacerta  crocea,  of  the  blind  worm,  and  vipers,  in  the  oviduct  Even 
in  the  ova  of  the  lizard  the  development  of  the  embryo  is  far  ad- 
vanced before  the  eggs  are  deposited.  These  and  many  other  analo- 
gous facts  concur  in  showing  that  the  conditions  under  which  the 
embryos  o{  oviparous  and  viviparous  animals  are  developed,  do  not 
greatly  differ;  and  thus  support  the  supposition  that  the  placenta  of 
Mammalia  serves  the  purpose  of  respiration. 

There  is,  however,  no  perceptible  difference  of  colour  between 
the  blood  of  the  umbilical  arteries  and  that  of  the  umbilical  veins  in 
the  human  foetus,  or  in  that  of  mammiferous  animals.  Many  female 
sheep  are  slaughtered  at  Bonn;  so  that  during  the  first  part  of  the 
winter  the  embryo  of  sheep  and  even  of  cows  can  be  obtained  easily, 
U^ther  with  the  uterus,  and  often  while  they  are  warm.  During 
the  winter  such  parts  were  brought  to  me  regularly  for  anatomical 
purposes,  and  I  have  not  a  second  time  observed  a  distinct  difference 
m  ttie  colour  of  the  blood  of  the  umbilical  veins  and  arteries.  E.  H. 
Weber  {HildebrandVs  Anat.  Bd.  iv.  524,)  also  denies  that  this 
difference  exists,  and  those  who  practise  midwifery  have  not  ob- 
served it. 

The  blood  of  the  umbilical  vessels  of  the  foetus,  like  the  venous 
blood  of  the  adult,  is  reddened  by  exposure  to  the  air.  This  I  have 
frequently  observed:  it  may,  perhaps,  as  Fourcroy  has  pointed  out, 
take  place  a  little  slower  and  in  a  less  marked  degree  than  venons 
blood.  The  blood  of  the  umbilical  vessels  and  that  of  the  foetus  also 
coagulate  less  firmly  than  that  of  the  adult.  It  appears  that  the 
blood  of  the  foetus,  both  arterial  and  venous^  differs  iu  no  perceptible 
respect  from  the  venous  blood  of  the  adult. 

boes  the  liquor  amnios  serve  the  function  of  respiration? — 
Some  physiologists  have  maintained  that  the  liquor  amnios  with 
wliich  the  foetus  is  surrounded,  serves  the  purpose  of  respiration 
thiongh  the  medium  of  the  skin;  or  they  have  even  supposed  it  to 
be  respired  by  the  lungs,  because  some  of  the  fluid  has  been  found 
in  the  trachea.  {Scheelj  De  tig.  amnii  nat.  et  usu.  Hafn.  1799.) 
The  experiments  which  I  made  when  a  student, — and  have  since 
most  carefully  repeated^ — showing  that  fishes  die  as  quickly  in  the 
liqpor  amnios  of  the  cow  and  sheep  as  in  oil, — namely,  within  forty 
Hunutes, — awhile  in  the  same  quantity  of  Rhine  water  they  live  a 
long  time,  are  sufficient  to  indicate  that  the  liquor  amnios  cannot 
serve  the  purpose  of  respiration. 
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CHAPTER  IV: 

OF  THE  CHANGES  WHICH  THE  BLOOD  UNDEBGOSS  IK  THE  LUNGS.* 

lis  colour. — By  respiration  the  blood  is  rendered  of  a  bright  red 
colour.  The  same  change  of  colour  is  produced  by  agitating  blood 
with  oxygen,  and  on  the  surface  of  venous  blood  by  mere  exposmre 
to  the  air.  This  bright  scarlet  colour  may  also  be  given  to  blood 
by  the  admixture  of  sugar,  or  of  neutral  salts, — such  as  nitrate  of 
potash,  sulphate  of  soda,  sal-ammoniac,  muriate  of  soda,  and  car- 
bonate of  potash.  Solution  of  potash,  according  to  my  observation, 
changes  the  colour  of  blood  to  brown,  although  the  contrary  is 
erroneously  asserted  in  some  works.  Thenard  and  Huenefeld  state 
that  the  blood  acquires  a  cherry-red  colour  when  exposed  to  an 
atmosphere  of  ammonia.  Chlorine  changes  its  colour  first  to  brown, 
then  to  white;  by  acids  generally  it  is  rendered  brown;  but  carbonic 
acid  first  darkens  its  red  colour,  then  changes  it  to  violet,  and  at  last 
renders  it  almost  black.  Wedemeyer  says,  that  prussic  acid  brightens 
the  led  colours  of  the  blood;  but  Hertwitch  {Frori^^s  JSotiz.  759,) 
asserts  that  it  darkens  it.  Stevens  found  the  colour  darkened  by 
sulpho-cyanic  acid.  Carbonic  oxide,  carburetted  hydrogen,  and  nitric 
oxide,  jare  stated  by  Huenefeld  to  change  it  to  violet;  while  nitrous 
oxide  and  hydrogen,  he  says,  render  it  purple,  or  red  brown.  I 
have  agitated  blood  with  hydrogen  gas,  but  could  perceive  no  change 
of  colour.  Berzelius  found  that  the  colour  of  blood,  which  was 
already  somewhat  darkened,  was  rendered  brighter  by  carburetted 
hydrogen.  It  appears,  then,  that  the  colour  of  the  blood  is  changed 
with  great  facility  by  various  substances. 

Difference  between  arterial  and  venous  blood. — The  specific 
gravity  of  arterial  and  that  of  venous  blood  were  found  by  Dr.  J. 
Davy  to  be  very  nearly  equal, — namely,  in  the  proportion  of  903  for 
the  farmer  to  913  for  the  latter.t  According  to  the  same  observer, 
the  capacity  for  caloric  of  the  former  as  compared  with  that  of  the 
latter,  is  as  10-11  to  10-10. 

The  temperature  of  arterial  blood  is  stated  by  Dr.  J.  Davy  to  be 
Y*  or  li°  Fahr.  higher  than  that  of  venous  blood.  This  is  confirmed 
by  Krimer  and  Scudamore;  other  observers  have  perceived  no  dif- 
ference of  temperature.  (See  BurdacVs  PhysioL  iv.  382.)  Auten- 
reith,  Mayer,  Davy,  Berthold,  and  filundell,  agree  that  arterial  blood 
coagulates  more  quickly  than  venous  blood:  while  Thackrah  has 
observed  the  contrary.  Mayer,  Blainville,  and  Denis  state,  that 
venous  blood  yields  somewhat  less  serum  and  more  coagulum  than 
arterial  blood.  Arterial  blood,  according  to  Mayer's  observation, 
contains  more  fibrin  than  venous  blood,  and  yields  it  in  thicker,  solid, 

*  From  Original  Researches. 

t  See  Burdach'8  Physiol.  Bd.  !▼.  p.  381;  and  Dr.  Davy  in  Phil.  Trans.  1814. 
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and  shining  bundles;  in  which  statement  he  agrees  with  Emmert. 
The  results  of  the  experiments  of  Berthold  and  Denis,  and  of  one 
experiment  which  I  performed  with  the  blood  of  a  goat,  have  been 
detailed  at  page  157;  taking  the  mean  of  these  results,  it  appears  that 
arterial  contains  more  fibrin  than  venous  blood  in  the  proportion  of 
29  to  24.  The  greater  softness  of  the  fibrin  obtained  from  venous, 
as  compared  with  that  from  arterial  blood,  might  induce  the  suppo- 
sition that  the  fibrin  undergoes  some  farther  development  in  the 
respiratory  process;  but  the  difierence  in  consistence  may  be  ex- 
plained by  the  circumstance  of  the  fibrin  existing  in  smaller  propor- 
tion in  venous  blood,  in  consequence  of  which  its  particles  must  be 
further  separated  from  each  other.  The  smaller  proportion  of  the 
fibrin  in  venous  blood  arises  wholly,  perhaps,  from  a  part  of  the 
fibrin  of  arterial  blood  being  appropriated  to  the  nutrition  of  the 
tissues  during  the  passage  of  the  blood  through  the  capillaries;  it 
may  arise  in  part,  also,  from  the  lymph  which  contains  fibrin  iu 
solution  being  poured  into  the  vascular  system  near  the  heart. 

It  is,  however,  probable  that  respiration  does  contribute  to  the 
development  of  fibrin,  and  for  these  reasons: —First,  that  the  blood 
of  the  foetus  contains  a  very  small  proportion  of  fibrin,  though  it  is 
an  error  to  say  it  contains  none;  and,  secondly,  that  in  the  morbus 
casruleus,  which  is  dependent  on  malformations  of  the  heart,  such 
as  persistence  of  the  canal  in  the  ducixvs  arteriosus^  or  of  the  fora- 
men ovale,  tendency  to  hemorrhage  (from  deficient  coagulability  of 
the  blood?)  has  been  observed.  The  remarkable  tendency  to  he- 
morrhage from  small  wounds,  which  is  sometimes  witnessed,  is, 
however,  an  afiection  distinct  from  the  morbus  coeruleus.  The 
assertion  of  Denis,  [Rech.  exp,  sur  le  Sang  Humain.  Paris,  1830,) 
that  venous  blood  contains  less  cruor  than  arterial  blood,  appears  to 
me  to  be  merely  an  hypothesis;  for  there  is  no  means  of  estimating 
the  number  of  red  particles  in  any  kind  of  blood.     (See  page  157.) 

The  evidence  of  difierent  observers  respecting  the  quantity  of 
water  in  the  two  kinds  of  blood  is  quite  contradictory.* 

From  various  analyses  it  appears,  then,  that  there  is  less  carbon  in 
the  cruor  of  arterial  blood  than  in  that  of  venous  blood,  which  would 
agree  very  well  with  the  theory  of  the  excretion  of  carbon  in  the 
form  of  carbonic  acid  by  the  lungs.  Again,  arterial  blood  contains 
more  oxygen  than  venous  blood;  and  this  fact  would  seem  to  be  in 
fitvour  of  the  absorption  of  oxygen  by  the  blood  in  the  lungs.  No 
value,  however,  can  be  set  upon  these  facts  till  they  have  been  found 
by  repeated  analyses  to  be  constant,  for  a  slight  difference  in  the 
drying  of  the  substances  to  be  analysed  may  make  a  great  difference 
in  the  results.  (See  also  Lecanuy  Etudes  Chimiques  sur  le  sang 
Humain.  Paris,  1837.) 

The  halitus  of  the  blood  seems  to  be  an  important  part  of  this 
fiuid.  But  it  is  not  known  whether  it  difiers  in  arterial  and  venous 
blood. 

*  For  an  aceoont  of  the  different  atatements,  aee  Bardach^s  Physiol.  6d.  iv.  383. 
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Cause  of  the  changes  qf  colour  which  the  blood  undergoes*'-^ 
Arterial  blood  acquires  a  dark  colour  while  passing  through  the 
capillaries  of  the  body,  and  its  bright  colour  is  again  restored  in  the 
capillaries  of  the  lungs.  If,  however,  respiration  is  interrupted,  the 
blood  returns  from  the  lungs  with  its  dark  venous  colour  unchanged; 
while,  even  after  the  death  of  an  animal,  if  respiration  is  kept  up 
artificially,  the  change  in  the  colour  of  the  blood  in  the  lungs  takes 
place  as  before.  Division  of  the  nervi  vagi  does  not  interrupt  the 
process;  indeed  it  is  well  known  that  blood  out  of  the  body  is  red* 
dened  by  mere  exposure  to  the  atmosphere;  and  if  oxygen  is  injected 
into  the  vessels  of  ati  animal,  even  the  blood  in  the  veins  becomes  of 
a  bright  colour. 

The  study  of  the  causes  of  these  changes  will  lead  us  to  the  theory 
of  respiration  and  to  the  decision  of  the  question,  whether  the  car- 
bonic acid  expired  during  respiration  existed  previously  in  the  blood, 
or  whether  it  is  formed  by  the  union  of  the  carbon  of  the  blood  with 
the  oxygen  of  the  air  in  the  lungs. 

The  facts  relative  to  this  subject,  which  have  been  ascertained  by 
experiment,  may  be  stated  as  follows: — 

1.  The  colour  of  venous  blood  is  not  rendered  perceptibly  brighter 
by  exposure  to  the  vacuum  of  the  air-pump. 

2.  Blood  artificially  impregnated  with  carbonic  acid  also  does  not 
become  of  a  bright  colour  when  exposed  to  the  vacuum  of  an  air* 
pump. 

3.  Blood  impregnated  artificially  with  carbonic  acid,  and  thus 
darkened,  recovers  its  natural  colour  in  some  degree  when  exposed 
to  the  air. 

4.  Blood  which  has  been  rendered  of  quite  a  dark  violet  colour  by 
being  impregnated  with  carbonic  acid,  acquires  a  bright  red  colour 
when  agitated  with  oxygen. 

5.  The  oxygen  in  which  blood  impregnated  with  carbonic  acid  has 
been  thus  agitated,  is  afterwards  found  to  contain  carbonic  acid  mixed 
with  it. 

6.  Carbonic  acid  is  evolved  likewise  when  fresh  blood  is  agitated 
with  atmospheric  air. 

7.  No  carbonic  acid  can  be  obtained  from  venous  blood  by  the 
agency  of  heat. 

S.  Carbonic  acid  is  set  free  when  venous  blood  is  submitted  to  the 
vacuum  of  the  air-pump,  or  when  hydrogen  or  nitrogen  is  passed 
through  it.  Vogel,  Brande,  Home  and  Bauer,  Scudamore,  and 
Clanny  procured  carbonic  acid  from  blood  in  a  vacuum. 

Very  opposite  results  were  reached  by  Dr.  J.  Davy,  Mitscherlich, 
Tiedemann  and  Gmelin,  Strohmeyer,  and  myself. 

Hoffmann  (Med.  OazettCy  1833)  and  Stevens  {Ibid.  1834. — Fhil. 
Transact.  1834),  however,  found  that,  although  no  carbonic  acid 
could  be  extracted  from  the  blood  by  mere  exposure  to  a  vacuum  or 
heat,  yet  carbonic  acid  was  evolved  when  the  blood  was  agitated 
with  another  gas, — for  instance,  with  hydrogen. 

The  observations  of  Stevens  and  Hoffmann  have  recently  been 
confirmed  by  various  experimenters.    Bertuch  and  Magnus  had 
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satisfied  themselyes  of  their  correctness  some  time  since;  and  I  have 
detailed  the  results  of  their  experiments  in  the  ^rchiv.  far  Jinai. 
und  Pkysiologie,  1836,  p.  cxxvii.  Bischoff*  has  obtained  the  same 
result  from  some  very  accurate  experiments.  Gmelin  also  has  now 
convinced  himself  of  the  existence  of  carbonic  acid  in  the  blood. 
The  experiments  of  all  these  observers  tend  to  prove  that  hydrogen 
as  well  as  nitrogen,  when  made  to  pass  through  venous  blood,  be- 
comes impregnated  with  carbonic  acid  gas;  and,  according  to  JPro- 
fessor  Magnus,  it  is  extracted  in  as  large  proportion  by  them  as  by 
atmospheric  air.  The  quantity  of  carbonic  acid  taken  up  by  hy- 
drogen gas  amounts  to  at  least  j^th  of  the  volume  of  the  blood. 
Bischoff  succeeded  likewise  in  producing  an  evolution  of  carbonic 
acid  from  the  blood  by  means  of  the  air-pump,  but  in  very  small 
quantity.  Magnus  has  found  in  repeated  experiments  that  a  per- 
ceptible quantity  of  carbonic  acid  is  not  given  out  until  the  air  in 
which  it  is  placed  is  so  rarefied  that  it  supports  only  one  inch  of 
mercury;  and  this  explains  why  former  observers  had  obtained  an 
opposite  result. 

9.  A  certain  quantity  of  gas  can  be  extracted  from  arterial  blood 
likewise  by  means  of  the  air-pump,  although  none,  that  can  be  de- 
tected, is  given  out  under  the  influence  of  heat. 

Magnus  ascertained  that  in  a  vacuum,  arterial  blood  gives  out  a 
considerable  quantity  of  gaseous  matter,  not  less,  in  fact,  than  is 
evolved  by  venous  blood. 

10.  Both  kinds  of  blood  contain  carbonic  acid  gas,  nitrogen  and 
oxygen,  but  in  different  proportions;  venous  blood  contains  most 
carbonic  acid,  arterial  blood  most  oxygen;  the  proportion  of  nitrogen 
in  the  two  is  not  always  different.  This  important  result,  which  is 
decisive  as  to  the  theory  of  respiration,  has  been  brought  to  light  by 
the  careful  and  accurate  experiments  of  Magnus. 

From  these,  it  appears  that  the  quantity  of  gas  contained  in  the 
blood  amounts  in  the  mean  to  f^th,  and  sometimes  is  as  much  as  |th 
of  the  volume  of  the  blood  itself;  that  the  oxygen  in  venous  blood 
equals  at  most  ith,  and  often  only  |th  of  the  carbonic  acid  which  the 
same  blood  contains;  while  in  arterial  blood  the  oxygen  equals  at 
least  ird  and  almost  i  of  the  quantity  of  carbonic  acid. 

It  must  not  be  imagined,  however,  that  these  gases  exist  in  the 
blood  in  an  aeriform  state;  they  are  in  a  state  of  solution  in  it,  just 
as  the  oxygen  and  nitrogen  are  in  the  water  of  rivers  and  lakes. 

The  changes  of  colour  which  the  blood  undergoes  during  its  circu- 
lation suggests  the  idea,  that  the  gases  combine  more  especially  with 
the  red  particles  than  with  the  fluid  part  of  the  blood.  The  red  par- 
ticles are  constantly  acquiring  a  bright  scarlet  colour  in  the  lungs, 
and  resuming  their  dark  red  colour  in  the  capillaries  of  the  rest  of 
the  body.  It  is  possible,  therefore,  that  they  are  the  means  of  com*- 
municating  the  chemical  changes  which  the  blood  undergoes  in  the 

•  Commentatio  de  nov.  qoibosd.  Ezperim.  Chemico-physiol.  ad  illastr.  theoriam 
da  RsspiraUoM  insUtotis.    Heidelb.  1837. 
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lungs  to  the  other  organs  of  the  body.    Bat  this  is  a  mere  soppo* 
sition. 

I  have  convinced  myself  by  careful  observation,  that  in  the  frog 
the  red  particles  in  arterial,  do  not  differ  in  the  slightest  degree  from 
those  in  venous  blood. 

1 1.  No  carbonic  acid  is  evolved  during  the  change  of  the  colour  of 
venous  to  that  of  arterial  blood,  which  is  produced  by  the  admixture 
of  neutral  salts. 

Dr.  Stevens  {On  the  Bloody  London,  1638,)  has  made  some  inte* 
resting  observations  on  the  share  which  the  salts  of  the  blood  have 
in  producing  its  red  colour. 

12.  The  red  coagulum  of  blood,  when  placed  in  distilled  water, 
assumes  a  darker,  in  fact,  a  blackish  colour. — Stevens  found  that  a 
coagulum  placed  in  distilled  water,  which  extracts  the  salts,  becomes 
dark,  and  recovers  its  scarlet  colour  on  being  immersed  in  a  saUne 
solution.  Dr.  R.  Froriep  {Froriep^s  Not.  759,)  has  confirmed  this 
experiment.  It  succeeds  in  a  vacuum  as  well  as  in  the  air.  {MUUer^a 
Jlrchiv.  1835, 1 1 9.)  From  this  fact  Stevens  draws  the  inference  that 
it  is  not  the  oxygen  of  the  atmosphere,  but  the  serum  with  its  salts, 
which  produces  the  bright  colour  of  the  blood;  and  hence  it  is,  he 
says,  that  when  the  proportion  of  the  salts  in  the  blood  is  dimia* 
ished,  as  in  yellow  fever  and  cholera,  the  blood  is  darker  in  colour, 
and  docs  not  acquire  the  arterial  tint  when  exposed  to  the  air,  whUe 
it  assumes  it  immediately  on  salts  being  added.  And  hence  Dr. 
Stevens  further  infers  that  the  natural  coloyr  of  the  cruorin  is  dark 
or  blackish,  and  that  it  is  red  only  while  in  contact  with  the  serum. 
On  this  theory  he  accounts  for  the  fact  which  he  has  observed,  that  a 
coagulum  which  has  been  immersed  in  distilled  water,  cannot,  whea 
exposed  to  the  air,  acquire  the  bright  scarlet  colour  until  dipped  in  a 
saline  solution.  The  dark  colour  of  venous  blood  is  ascribed,  by 
Dr.  Stevens,  to  the  carbonic  acid  which  it  is  supposed  to  contain.  If 
this  supposition  were  correct,  venous  blood  ought  to  become  arterial 
under  the  air-pump,  which  is  not  the  case,  and  also  when  exposed 
to  hydrogen,  for  that  gas  allows  of  the  exhalation  of  carbonic  acid,— 
indeed,  a  bladder  filled  with  hydrogen,  and  placed  in  carbonic  add, 
becomes  distended  to  bursting.  (See  page  249. )  However,  without 
denying  the  necessity  of  the  salts  to  the  production  of  the  arterial 
colour,  it  must  be  confessed,  that  when  oxygen  acts  on  the  red  par- 
ticles of  the  blood  surrounded  by  the  saline  serum,  it  gives  rise  to  a 
brighter  colour,  without  the  proportion  of  the  saline  matter  in  the 
blood  being  altered.    (See  Bischoffy  loc.  cit.) 
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CHAPTER  V. 

OF  THX   CHEMICAL  PB0CE8S   OF    RESPIRATION. 

CafuUlians  on  which  the  process  depends, — It  would  be  a  great 
error  to  suppose  that  the  oxygeu  of  the  air  permeates  the  parietes  of 
the  air-cells  and  the  capillary  vessels^  to  enter  the  blood  during  inspi- 
ration only,  while  during  expiration  the  carbonic  acid  is  exhaled 
tbroDgh  the  membranes  from  the  blood.  The  absorption  of  oxygen 
into  the  blood  which  is  circulating  in  the  capillaries  of  the  air-cells, 
and  the  exhalation  of  carbonic  acid  from  the  same  blood,  go  on  si- 
multaneously and  uninterruptedly.  The  acts  of  inspiration  and  expi- 
ration have  no  correspondence  with  the  chemical  process;'  they  are 
merely  alternately  motions  of  contraction  and  dilatation  of  the  thorax 
and  of  the  lungs.  The  latter  organs  are  themselves  never  completely 
empty;  they  always  contain  some  air,  which  consists  partly  of  atmos- 
pheric air,  from  which  the  oxygen  is  being  constantly  absorbed,  and 
partly  of  carbonic  acid,  which  is  as  constantly  being  exhaled.  By 
the  act  of  expiration  the  greater  part  of  the  air  chemically  changed 
by  the  respiratory  process,  but  not  all  of  it,  is  expelled;  by  inspira- 
tion a  supply  of  fresh  air  is  drawn  into  the  lungs. 

In  many  animals  the  respiratory  movements  of  the  organs  of  res- 
pintion  do  not  exist,  and  the  constant  chemical  change  only  takes 
place;  this  is  the  case  in  the  larva  of  the  salamander,  which  breathes 
with  external  immovable  branchiae. 

It  is  unnecessary  to  enter  here  into  any  explanation  of  the  property 
by  which  the  parietes  of  the  air-cells  of  the  lungs  allow  the  oxygen 
of  the  atmosphere  and  the  carbonic  acid  to  pass  through  them, — the 
former  to  enter  the  blood,  and  the  latter  to  be  exhaled.  The  property 
of  permeability  to  liquid  and  gasiform  fluids  has  been  shown,  in 
Book  IL  page  249,  to  be  possessed  by  all  soft  animal  tissues,  parti- 
cularly by  membrane&  The  process  of  endosmose  or  imbibition 
must  go  on  with  extrordinary  rapidity  through  the  delicate  parietes 
of  the  air-cells  of  the  lungs,  and  the  blood  circulating  in  the  mem- 
brane forming  the  cells  must  participate  in  the  process.  Besides,  the 
blood,  or  rather  the  red  particles,  have  a  remarkably  strong  affinity 
for  oxygen;  hence  the  rapidity  with  which  venous  blood,  when  ex«> 
posed  to  the  air  out  of  the  body,  acquires  an  arterial  colour;  carbonic 
acid  being  at  the  same  time  exhaled.  The  constant  change  of  dark 
to  bright  scarlet-coloured  blood  goes  on  in  the  lungs  even  after  the 
pulmonary  nerves — the  nervi  vagi — have  been  divided. 

The  distribution  of  the  blood  in  such  innumerable  capillary  vessels 
in  the  parietes  of  the  air-cells,  is  then  evidently  intended  to  expose  it 
more  completely  to  the  action  of  the  air;  the  whole  mass  of  blood 
sent  to  the  lungs  being,  by  this  means,  made  to  circulate  on  the  vast 
sar&ce  of  contact  afforded  by  the  air-cells.  It  is  still  doubtful 
whether  the  pulmonary  tissue  ia  endowed  in  a  greater  degree  than 
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Other  parts  with  a  specific  power  of  effecting  a  chemical  change  in 
atmospheric  air;  for  the  red  particles  themselves  seem  to  act  the 
main  part  in  producing  this  change  in  the  air,  and  similar  changes 
take  place  on  other  surfaces  of  the  animal  body,  as  on  the  skin  of 
fishes  and  frogs,  and  in  the  intestines  of  the  Cobitis  fossilis;  moreoveri 
the  chemical  process  of  respiration  is  not  arrested  by  division  of  the 
pulmonary  nerves.  I  have  found,  as  Edwards  had  previously,  that 
frogs  will  live  thirty  hours  after  their  lungs  have  been  removedi 
respiring  by  means  of  their  skin;  while,  if  immersed  in  water  from 
which  the  air  has  been  expelled  by  boiling,  they  die  much  sooner. 
The  lungs,  however,  by  virtue  of  their  organization,  by  the  delicacy' 
of  the  membrane  lining  their  cells,  and  the  immense  surface  of  con- 
tact afforded  by  them,  are  better  adapted  than  any  other  parts  for 
the  performance  of  the  chemical  function  of  respiration. 

Different  theories  have  been  advanced  to  explain  the  chemical 
changes  effected  iii  respiration. 

1.  According  to  the  hypotheses  of  Lavoisier,  Laplace,  and  Prout, 
the  blood  is  constantly  pouring  into  the  air-cells,  by  exhalation,  a 
fluid  consisting  chiefly  of  carbon  and  hydrogen,  the  union  of  which 
with  the  oxygen  of  the  atmosphere  gives  rise  to  the  carbonic  acid 
and  water  that  are  expelled  from  the  lungs  by  expiration.  The  exist- 
ence of  such  a  fluid,  consisting  of  carbon  and  hydrogen,  appears  to 
be,  in  a  chemical  point  of  view,  quite  hypothetical.  (See  OmeUn^a 
ChemiCy  iv.  1529.)  Those  who  adopt  this  theory,  suppose  the  pro- 
duction of  animal  heat  to  depend  on  the  formation  of  carbonic  acid 
and  water  in  the  cavity  of  the  air-cells,  not  in  the  blood;  it  is  neces- 
sary,'therefore,  to  remark  that  the  temperature  of  the  lungs  is  gene- 
rally not  at  all  higher  than  that  of  other  parts  of  the  body. 

2.  The  theory  adopted  by  most  chemists  is  that  of  Sir  H.  Davy, 
viz.  that  the  air  permeates  the  membranous  walls  of  the  air-cells, 
enters  the  blood,  and  in  it  becomes  decomposed  in  consequence  of 
the  affinity  of  the  oxygen  for  the  red  particles,  while  carbonic  acid 
is  formed,  and  escapes,  in  the  gaseous  form,  with  the  greater  part  of 
the  nitrogen.  Sir  H.  Davy  inferred,  from  the  results  of  his  experi- 
ments on  the  respiration  of  nitrons  oxide  and  hydrogen,  that  a  certain 
portion  of  the  carbonic  acid  produced  in  respiration  is  evolved  from 
the  blood  itself.  According  to  this  theory,  the  animal  heat  is  sup- 
posed to  be  generated  in  the  blood  which  is  circulating  through  the 
lungs.  The  observation  of  Dr.  J.  Davy,  that  the  blood  of  the  left 
cavities  of  the  heart  and  of  the  arteries — the  carotid — is  warmer  by 
1^,  or  li%  Fahr.  than  the  blood  of  the  right  cavities  or  veins — the 
jugular  vein — is  favourable  to  this  theory. 

3.  Some  physiologists,  availing  themselves  of  the  fact  that  during 
respiration  more  oxygen  disappears  than  is  necessary  for  the  produc- 
tion of  the  carbonic  acid  which  replaces  it,  admit  that  the  carbonic 
acid  is  formed  in  the  lungs,  or  in  the  vessels  of  the  lungs,  by  the 
direct  combination  of  a  part  of  the  oxygen  of  the  air  with  carbon  of 
the  blood,  but  suppose  that  the  portion  of  the  oxygen  not  engaged  in 
forming  carbonic  acid,  does  not  unite  with  hydrogen  to  form  water, 
but  becomes  chemically  combined  with  the  blood,  giving  to  it  the 
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arterial  colour;  and  that  the  red  particles  thus  oxidised  form  the  vital 
excitants  of  the  tissues  of  the  body.  The  fact  of  more  oxygen  disap- 
pearing than  is  accounted  for  by  the  carbonic  acid  formed,  does  not 
jwiiff  the  assumption  of  Lavoisier,  Laplace,  Dulong,  and  Despretz, 
that  this  portion  of  oxygen  which  is  lost,  goes  to  form  the  watery 
vapour,  by  combining  with  the  hydrogen  of  the  blood.  The  hypo- 
thesis, that  the  watery  vapour  exhaled  from  the  lungs  is  formed  in 
them  by  the  direct  combination  of  its  elements,  is  quite  gratuitous; 
for  under  the  existing  external  conditions  water  must  evaporate  from 
moist  animal  surfaces,  particularly  at  the  temperature  of  warm- 
blooded animals.  The  hypothesis  of  the  generation  of  water  in  the 
lungs  has,  therefore,  been  merely  invented  to  support  their  theory  of 
combustion,  but  is:  not  founded  on  any  proofis.  The  experiments  of 
Collard  de  Martigny  showed  that  the  watery  vapour  is  always  ex- 
haled, whatever  may  be  the  gas  respired;  that  it  continues  to  be 
exhaled  even  in  hydrogen  gas,  when,  consequently,  no  oxygen  is 
present  to  form  it.  This  fact,  however,  is,  in  my  opinion,  not  quite 
decisive  of  the  question;  because  animals,  when  placed  in  these 
irrespirable  gases,  have  always  some  atmospheric  air  in  their  lungs. 
Maglendie*  states  that  the  exhalation  of  water  from  the  lungs  is  in- 
creased when  water,  of  the  temperature  of  the  body,  is  injected  into 
the  veins.  The  exhalation  of  water  from  the  lungs,  therefore,  like 
the  transpiration  from  the  skin,  must  be  regarded  as  a  simple  exhar- 
lation  from  the  blood, — not,  however,  as  a  mere  physical  evaporation. 
But  on  this  point  I  shall  have  occasion  to  speak  in  a  subsequent 
lection  of  this  book.  Since  it  appears  then,  that  no  formation  of 
water  directly  from  its  elements  takes  place  in  the  lungs,  and  since 
most  experimenters  on  respiration,  both  in  air  and  water,  agree  that 
more  oxygen  disappears  than  enters  into  the  composition  of  the  car- 
bonic acid  which  is  formed,  the  excess  of  oxygen  absorbed  must 
unite  with  the  blood,  and  thus,  probably,  gives  rise  to  the  bright 
colour  of  arterial  blood,  and  of  blood  exposed  to  the  air.  It  is  alresuiy 
known  that  a  mixture  of  red  particles  and  serum,  or  blood  deprived 
of  its  fibrin  by  stirring,  is  rendered  throughout  of  this  bright  colour 
by  merely  passing  oxygen  through  it.  The  probability  of  the  oxy- 
gen combining  with  the  blood  is  strengthened  by  the  observation, 
that  when  blood  and  air  are  agitated  together,  the  volume  of  the 
oxygen  absorbed  much  exceeds  that  of  the  carbonic  acid  formed. 
The  experiments  performed  by  Nysten,  (Bech,  de  Physiol,  ei  de 
Chifn.  Pathol.)  which  consisted  in  injecting  gases  into  the  veins  of 
animals,  and  in  which  oxygen  imparted  the  arterial  colour  to  the 
venous  blood,  of  course  without  any  carbonic  acid  being  evolved, 
are  also  in  favour  of  this  opinion. 

4.  According  to  the  theory  of  Lagrange  and  Hassenfratz,  the 
oxygen  absorbed  into  the  blood,  in  which  it  is  merely  in  a  state  of 
solution,  or  combined  in  some  way  with  the  red  particles,  does  not 
unite  in  the  lungs  with  the  carbon  of  the  blood.    Those  chemists 

*  Pffels  Elementaiie  de  Physiologie,  Sod  edit.  ii.  846.  Translation  bj  Dr. 
Milligan,  p.  463. 
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supposed  the  combination  to  be  accomplished  in  the  course  of  the 
circulation,  carbonic  acid  thus  formed  being  retained  in  the  blood, 
until,  reaching  the  lungs,  it  is  set  free.  Lagrange  founded  this 
opinion  partly  on  the  fact  that  arterial  blood,  contained  in  close  ves- 
sels, after  a  time  assumes  spontaneously  a  dark  colour.  Nov,  since 
arterial  blood  does  not  lose  its  bright  colour  and  become  venous  until 
it  passes  through  the  capillaries,  the  formation  of  carbonic  acid,  sup- 
posing the  theory  of  Lagrange  to  be  correct,  can  take  place  only  in 
the  capillary  vessels  of  the  body.  In  that  case,  the  venous  blood 
ought  to  contain  principally  carbonic  acid  in  solution,  and  the  arte- 
rial blood  oxygen  in  some  way  loosely  combined.  This  view  of  the 
respiratory  process  has  been  adopted  by  a  great  number  of  physiolo- 
gists, and  was  chiefly  supported  by  the  experiments  of  Vogel,  Home, 
Brande,  Scudamore,  and  Collard  de  Martigny,  which  seemed  to 
prove  that  venous  blood  really  contains  carbonic  acid;  and  by  the 
experiment  of  Sir  H.  Davy,  from  which  he  concluded  that  oxygen 
can  be  obtained  from  arterial  blood  by  heat  It  explains  why  the 
lungs  are  not  warmer  than  other  parts  of  the  body.  F.  Nasse  has, 
in  an  excellent  treatise  on  respiration,  {Meeker 3  Archiv.  ii.  195, 435,) 
collected  all  the  earlier  facts  supporting  this  theory.  Experiments 
which  yielded  contrary  results,  and  which  we  have  already  detailed, 
had  thrown  a  doubt  on  the  correctness  of  this  view.  But  the  ob- 
servations of  Stevens,  Hoffmann,  Bischoff,  and  Bertuch,  [and  lately 
of  Dr.  J.  Davy,]  who  have  shown  that  venous  blood  contains  car- 
bonic acid,  and  still  more  those  of  Magnus,  who  has  demonstrated 
the  existence  of  gas  and  its  composition  in  both  kinds  of  blood,  have 
rendered  this  theory  the  most  probable. 

5.  Dr.  Stevens  has  recently  advanced  a  new  theory  of  the  respi- 
ratory process,  which  at  first  view  appears  ingenious.  According  to 
Stevens,  the  colouring  matter  of  the  blood  is  itself  dark,  but  is  ren- 
dered scarlet  by  the  salts  of  the  serum.  The  natural  colour  of  the 
blood,  therefore,  as  long  as  it  is  in  contact  with  serum,  is  bright  red 
or  scarlet;  but  if  the  coagulum  of  blood  is  dipped  in  water,  the  red 
colour  becomes  dark,  on  account  of  the  serum  with  its  salts  being 
washed  out  of  the  coagulum  by  the  water.  The  blood,  naturally  of 
a  bright  colour,  is  rendered  dark  by  carbonic  acid.  Carbonic  acid, 
Stevens  says,  is  formed  in  the  capillaries,  hence  the  dark  colour  of 
venous  blood;  it  is  excreted  in  the  lungs,  and  the  natural  bright-red 
colour  of  the  blood  is  thus  restored,  the  oxygen  having  no  share  in 
producing  the  change  of  colour.  If  Dr.  Stevens's  theory  were  cor- 
rect, venous  blood  ought  to  become  of  a  bright  colour  in  the  vacuum 
of  an  air-pump,  from  the  escape  of  the  carbonic  acid;  this,  however, 
as  we  have  already  seen,  does  not  take  place.  The  oxygen,  there- 
fore, which  is  absorbed  by  the  blood  in  the  lungs,  must  be  the  essen- 
tial cause  of  its  arterial  colour.  De  Maack*  states  that  the  red 
colouring  matter  of  the  blood  is  of  a  blackish  colour,  as  well  when  it 
is  impregnated  with  oxygen,  as  when  it  contains  more  carbonic  acid, 

*  De  ratione  quae  colorem  Sanffninis  inter  et  Respirationis  fanctionem  intercediU 
Kil.  1834. 
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as  long  as  it  does  not  come  into  contact  with  a  solution  of  neutral 
salts;  but  that  salts  render  cruor  of  both  kinds  red, — the  first  of  an 
arterial  hue,  the  latter  of  the  venous  tint.  De  Maack  confirms  the 
observation  of  Berzelius,  that  serum  absorbs  only  an  extremely  small 
quantity  of  oxygen,  and  evolves  no  carbonic  acid.  A  sohition  of  red 
colouring  matter,  on  the  contrary,  measuring  two  and  a  half  volumes, 
being  brought  into  contact  with  two  volumes  of  oxygen,  absorbed 
one  volume  and  a  half,  and  afterwards,  on  a  saline  fluid  being  added, 
became  of  a  bright  red  colour.  De  Maack  imagines  that  the  colour- 
ing matter  which  is  impregnated  with  carbonic  acid,  is  decomposed 
by  oxygen,  the  colouring  matter  becoming  oxydised  while  the  car- 
bonic acid  is  set  free;  just  as  carbonate  of  the  protoxide  of  iron 
undergoes  decomposition  in  moist  air,  being  converted  into  hydrate 
of  the  peroxide. 

6.  According  to  another  theory  of  the  respiratory  process,  the  car- 
bonic acid  cannot  be  generated  by  the  union  of  the  oxygen  of  the  air 
with  carbon  of  the  blood,  because  the  exhalation  of  carbonic  acid 
goes  on  when  gases  containing  no  oxygen  are  respired,  as  was 
shown  by  the  experiments  of  Spallanzani,  on  cold-blooded  animals, 
since  repeated  with  the  same  result  by  M.  Edwards.  It  is  supposed, 
therefore,  to  be  formed  from  the  ultimate  elements  of  the  blood,  like 
other  secretions.  The  secretion  of  difierent  gases  by  the  air-bladder 
of  fishes  may  be  adduced  in  support  of  this  hypothesis;  according  to 
which,  the  carbonic  acid  Would  not  necessarily  exist  already  formed 
in  the  venous  blood,  but  might  be  generated  in  the  capillaries  of  the 
lungs  independently  of  the  concurrent  action  of  oxygen.  The  exist- 
ence of  the  gases  in  the  blood  itself,  however,  proves  that  they  are 
not  originally  the  product  of  a  secreting  action  of  the  lungs. 

7.  Mitscherlich,  Gmelin,  and  Tiedemann  have  lately  proposed  a 
perfectly  original  theory  of  respiration.  The  facts  on  which  they 
ground  their  opinion  are  the  following: — That  acetic  and  lactic  acid 
exist  in  the  free  or  combined  state  in  most  secretions,  and  also  in  the 
blood;  that  these  adds  must  be  generated  in  the  animal  body  itself, 
because  they  are  contained  in  much  smaller  quantity  in  the  food  than 
in  the  cutaneous  and  renal  secretions;  and  further,  that,  as  they  have 
ascertained,  venous  blood  contains  more  alkaline  sub-carbonates  than 
arterial  blood,  the  minimum  amount  of  carbonic  acid  combined  with 
dkalies  contained  in  100  parts  of  venous  blood  being  12.3  parts, — 
in  the  same  quantity  of  arterial  blood,  only  8.3  parts.  They  suppose 
now  that  by  the  free  contact  of  the  blood  with  the  air  during  respi- 
ration acetic  acid  is  generated,  which  decomposes  the  alkaline  car- 
bonate of  the  venous  blood,  and  sets  free  the  carbonic  acid, — that 
the  oxygen  of  the  inspired  air  unites,  in  part,  directly  with  carbon 
and  hydrogen,  and  forms  carbonic  acid  and  water,  and  in  part  enters 
into  combination  with  the  organic  compounds  contained  in  the  blood; 
the  result  of  which  is  that  organic  products  which  are  necessary  to 
life  are  produced;  while,  at  the  same  time,  other  organic  substances 
are  converted  into  lower  organic  products,  such  as  the  acetic  and 
lactic  acids,  which  decompose  a  part  of  the  carbonates  contained  in 
the  blood,  and  expel  the  carbonic  acid  into  the  air-cells  of  the  lungs. 
{Tiedemann^s  Zeitsckriftf.  Physiol.  5.) 
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While  the  existence  of  gases  in  the  blood  itself  was  doubtful,  this 
was  an  ingenious  mode  of  explaining  the  phenomena;  but  OmeUn 
himself  has  since  recognised  the  existence  of  carbonic  acid  in  the 
blood. 

In  determining  the  nature  of  the  chemical  process  of  respiration, 
all  depends  on  the  solutions  afforded  to  the  following  questions: — 

1.  Does  venous  blood  contain  carbonic  acid,  and  arterial  blood 
oxygen?  This  question  has  been  determined  in  the  affirmative  by 
experiments  which  we  have  already  mentioned,  particularly  the  ex- 
cellent researches  of  Magnus. 

2.  Is  the  carbonic  acid  contained  in  the  blood  extracted  from  it  by 
other  gases  as  well  as  by  atmospheric  air?  The  experiments  of 
Hoffmann,  Stevens,  Bischoff,  Bertuch  and  Magnus  have  shown  that 
this  likewise  is  the  case.  Hydrogen  and  nitrogen,  brought  freely  in 
contact  with  blood,  become  impregnated  with  carbonic  acid  in  as 
lai^e  proportion  as  atmospheric  air  which  has  been  passed  through 
that  fluid. 

3.  Is  carbonic  acid  exhaled  from  the  lungs  of  cold-blooded  animals 
in  an  atmosphere  of  pure  hydrogen  or  pure  nitrogen?  We  shall  see 
that  this  is  most  certainly  the  case. 

Products  of  respiration  in  hydrogen  and  nitrogen, — The  earlier 
observations  of  Sir  H.  Davy  {CHlberVsJtnnal.  xix.  320),Coutanceau, 
and  Nysten  (MeckePs  Jlrchiv.  ii.  256),  on  this  subject,  are  of  no 
value;  for  warm-blooded  animals,  on  which  they  were  instituted, 
can  be  kept  in  hydrogen  gas  but  a  short  time,  and  their  lungs  neces^ 
sarily  contain  carbonic  acid  at  the  commencement  of  the  experiment 
No  certain  conclusions  can  be  drawn  from  the  experiments  unless 
the  animals  are  kept  for  a  considerable  time  in  the  hydrogen  or 
nitrogen,  and  unless  the  quantity  of  carbonic  acid  formed  is  large. 
M.  Edwards  {Infl.  of  PhysicalJlgents^  &c.  Dr.  Hodgkin's  translation, 
p.  236,)  and  Collard  de  Martigny  (Magendie^s  Joumaly  1830,  p.  121,) 
obtained  such  a  result. 

I  thought  it  very  requisite  to  repeat  these  experiments  of  Edwards 
and  Collard;  and,  having  twenty  pounds  of  mercury  at  my  disposal, 
I  was  enabled  to  perform  them  on  a  large  scale.  I  have  arranged 
the  results  which  I  obtained,  together  with  those  of  some  experiments 
by  Professor  Bergemann,  in  a  tabular  form. 
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It  might  still  be  objected  to  these  experiments,  that  the  frogs  re- 
tained a  certain  quantity  of  atmospheric  air  in  their  lungs,  and  that 
their  intestinal  canal  might  also  contain  carbonic  acid.  I  have,  there- 
fore, repeated  the  experiments  in  such  a  manner  as  to  avoid  these 
objections,  exposing  the  frogs  first  to  the  vacuum  of  the  air-pump, 
and  then  tilling  the  vacuum  with  hydrogen.  In  one  experiment  I 
Bven  removed  this  hydrogen  again,  by  means  of  the  pump,  so  as  to 
get  rid  of  every  portion  of  atmospheric  air,  and  the  result  was  the 
same  as  before. 

The  quantity  of  carbonic  acid,  then,  which  a  frog  exhales  in  from 
six  to  twelve  hours  in  gases  that  contain  no  oxygen,  may  be  safely 
estimated  at  from  i  to  }  of  a  cubic  inch  French,  from  tV^^^  ^o  -rVv^his 
of  a  cubic  inch  English.  The  capacity  of  the  lungs  aud  throat  of  a 
liDg,  on  an  average,  is  not  more  than  |  or  i  of  a  cubic  inch,  French, 
^ths  or  iVths  of  an  English  cubic  inch;  and  in  these  experiments 
Uie  lungs  and  throats  were  both  compressed,  so  that  they  could  not 
have  contained  much  atmospheric  air  and  carbonic  acid,  even  if  a 
nnall  quantity  had  remained.  The  fact,  therefore,  which  Spallan- 
sani  ascertained,  cannot  be  disputed;  cold-blooded  animals  continue 
to  exhale  carbonic  acid  even  in  gases  which  contain  no  oxygen,  and 
in  nearly  as  large  quantity  as  when  respiring  atmospheric  air;  for  it 
appears  from  experiments,  that  the  average  amount  of  carbonic  acid 
generated  by  a  frog  breathing  atmospheric  air,  is,  in  six  hours,  0*57 
of  a  French  cubic  inch,  0*68  of  an  English  cubic  inch. 

These  results  have  been  recently  confirmed  by  the  equally  instruct- 
ive experiments  of  BischofT,  who  likewise  found,  that  after  the  lungs 
of  frogs  had  been  tied  and  cut  out,  carbonic  acid  (to  the  amount  of 
0*20  of  a  French  cubic  inch,  0-24  of  an  English  cubic  inch,  in  eight 
hours,)  continued  to  be  exhaled  by  the  skin. 

Till  within  the  last  few  years,  the  theory  of  respiration  was  in- 
volved in  inexplicable  difficulties.  Blood  agitated  with  atmospheric 
air  was  known  to  yield  carbonic  acid  without  the  uifluence  of  the 
living  organ,  becoming  at  the  same  time  of  a  bright  red  colour;  it 
was  believed,  however,  to  contain  no  pre-existing  carbonic  acid; 
and  yet  frogs  were  found  to  exhale  carbonic  acid  when  no  oxygen 
was  respired,  and  in  nearly  as  large  a  quantity  as  in  atmospheric 
air. 

Now,  however,  the  problem  is  satisfactorily  solved.  The  excellent 
experiments  of  Professor  Magnus  have  shown  that  both  kinds  of 
blood  contain  oxygenj  nitrogenj  and  carbonic  acid  gasy  that  arterial 
blood  contains  more  oxygen  than  venous  blood,  while  carbonic  acid 
is  in  larger  quantity  in  the  venous  than  in  the  arterial.  During  re- 
spiration carbonic  acid  is  extracted  from  the  blood  by  the  atmospheric 
air,  oxygen  being  yielded  to  the  blood  in  its  place;  a  portion  of  the 
carbonic  acid  still  remains,  however,  dissolved  in  the  arterial  blood. 
In  the  process  which  is  constantly  going  on  between  the  blood  and 
the  texture  of  the  organs  in  the  capillary  vessels  of  the  body,  the 
oxygen,  which  is  a  vivifying  stimulus  for  the  organised  substance, 
disappears  in  part  firom  the  arterial  blood,  and  carbonic  acid  is  formed; 
27 
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the  venous  blood  therefore  contains  a  larger  proportion  of  carbonic 
acid,  though  it  retains  some  of  the  oxygen.  The  venous  blood 
reaching  the  lungs  is  again  deprived  of  a  part  of  its  carbonic  acid  by 
the  action  of  the  atmospheric  air.  The  interchange  of  the  carbonic 
add  and  oxygen  in  the  lungs  is  wholly  in  accordance  with  the  phy* 
sical  laws  of  the  absorption  of  gases.  A  fluid  impregnated  with  a 
particular  gas,  does  not  give  it  out  as  long  as  its  surface  is  subjected 
to  the  pressure  of  the  same  gas;  but  if  it  is  brought  into  contact 
with  a  different  gas,  an  interchange  takes  place  until  the  gas  with 
which  the  fluid  is  impregnated,  and  the  gaseous  atmosphere  which 
presses  upon  it  are  equally  mixed.  This  law  affords  a  ready  expla- 
nation for  the  exhalation  of  carbonic  acid  by  frogs  in  hydrogen  and 
nitrogen  in  as  large  quantity  as  in  atmospheric  air,  as  well  as  for  the 
fact  that  hydrogen  and  nitrogen  transmitted  through  blood  become 
impreenated  with  the  carbonic  acid  which  it  contains. 

The  proportion  of  carbonic  acid  contained  in  the  bloody  iBSuf* 
ficiently  large  to  account  for  the  whole  quantity  exhaled  from  the 
lungs. 

Supposing  that  two  ounces  of  blood  are  expelled  from  the  heart 
at  each  beat,  ten  pounds  must  pass  through  the  lungs  in  a  minute; 
and  these  ten  pounds  of  blood  ought  to  contain  27*4  cubic  inches  of 
carbonic  acid, — such  being  the  volume  of  this  gas  which  Allen  and 
Pepys  found  to  be  exhaled  from  the  lungs  during  a  minute's  respinu 
tion.  But  admitting  that  the  quantity  of  carbonic  acid  really  exhaled 
from  the  lungs,  is  less  by  one  half  than  the  experiments  of  Allen  and 
Pepys  would  indicate, — and  it  certainly  is  less,— and  adopting,  the 
estimate  of  Sir  H.  Davy,  who  calculated  that  15*8  cubic  inches  is 
the  amount  of  carbonic  acid  gas  exhaled  from  the  lungs  during  each 
minute,  still  ten  pounds  of  blood  ought  to  contain  nearly  16  cubic 
inches  of  that  gas. 

The  experiments  of  Professor  Magnus  have  shown  that  the  blood 
contains  at  least  one-flfth  of  its  volume  of  carbonic  acid;  and  since 
one  pound  of  blood  measures  about  25  French  cubic  inches,  (one 
pound  avoirdupois  of  water  contains  27*7  English  cubic  inches,)  the 
same  weight  of  blood  about  26*4  English  cubic  inches,  every  pound 
of  venous  blood  ought  to  contain  at  least  five  cubic  inches  of  carbonic 
acid,  and  the  ten  pounds  of  blood  which  pass  through  the  lungs  in  a 
minute,  50  (60  English)  cubic  inches,  of  which  it  may  easily  be  con- 
ceived that  15*8,  or  even  27-4  cubic  inches,  may  be  exhaled  in  the 
respiratory  process. 

A  small  quantity  of  nitrogen  is  absorbed  by  the  blood  from  the 
air  respired,  but  does  not  appear  to  perform  any  office  in  the  system, 
since  its  proportion  is  the  same  in  arterial  and  venous  blood. 

The  object  of  the  respiratory  process  is  evidently,  first,  the  ab- 
sorption  of  oxygen  into  the  blood,  which  conveys  that  gas  as  a 
stimulus  to  the  different  organs  of  the  body;  and,  secondly,  the  re- 
moval from  the  blood  of  the  carbonic  acid  which  is  formed  in  the 
capillaries.  That  the  latter  is  not  the  main  object  is  clearly  shown 
by  the  fact  of  frogs  falling  into  a  state  of  asphyxia  when  made  to 
respire  in  hydrogen  and  nitrogen^  although  the  quantity  of  carbonic 
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acid  which  is  exhaled  in  those  gases,  is  not  in  the  slightest  degree 
less  than  in  atmospheric  air.  (a) 

(a)  Are  not  the  views  of  respiration  entertained  by  the  author,  as  presented  in 
the  text,  too  purely  chemican  He  admits  that  carbonic  acid  is  given  out  from  the 
•kin  of  frogs,  as  it  is  known  to  be  from  the  skin  of  warm-blooded  animals,  in- 
cluding man;  and,  if  this  be  the  case,  it  must  be  of  course  under  an  opposite  con- 
dition of  the  capillary  circulation  from  that  in  the  lungs,  from  which  this  carbonic 
acid  is  given  out.  In  the  lungs,  carbonic  acid  is,  we  are  told,  exhaled  in  exchange 
for  oxygen  imbibed,  and  just  at  the  moment  of  the  conversion  of  dark  blood  into 
led.  In  the  skin,  carbonic  acid  is  given  out  in  the  capillaries  at  the  moment  of  the 
conversion  of  red  or  arterial  into  dark  or  venous  blood,  but  without  the  imbibition 
of  oxygen,  since  we  know  that  this  latter  is  less  in  quantity  in  the  veins  than  in 
the  arteries, — that  is  to  say,  in  the  present  case,  it  is  less  after  the  emission  of 
etrbonic  acid  than  it  was  before.  In  the  lungs,  oxygen  abounds  most  in  the  blood 
where,  in  its  passage  through  the  pulmonary  capillaries,  it  had  just  parted  with  its 
eirbonic  acid.  Can  we  qualify  by  any  other  term  4han  that  of  secretion,  the 
emission  of  carbonic  acid  from  the  skini  It  takes  place  in  the  same  condition  of 
the  circulation,  viz.  at  the  termination  of  arterial  capillaries  minutely  distributed 
throogh  a  tissue  or  organ,  as  all  the  secretions  take  place.  The  chemical  view  of 
the  respiratory  process  by  which  carbonic  acid  is  given  out  from  the  pulmonary 
iiiicons  surface,  cannot  explain  the  formation  of  this  gas  at  the  cutaneous  surface. 
But  if  we  should  admit  the  fact  of  the  secretion  of  carbonic  acid  from  the  skin, 
ean  we  deny  it  from  the  lungs, — as  far  as  the  circulation  in  these  latter  resembles 
that  in  the  skin,  viz.  in  the  passage  of  blood  from  the  bronchial  arteries  charged 
with  red  blood  to  the  bronchial  veins  containing  dark  blood.  Miiller,  in  a  subse- 
qnent  chapter,  distinctly  admits,  that,  which  cannot  now  indeed,  after  the  experi- 
nents  of  Abernethy,  Mackenzie,  Anselmino  and  Collard  de  Martigny,  be  denied^ 
viz.  the  truly  secreting  process  by  which  cutaneous  exhalations  and  sweat  are 
pven  out.  But  neither  in  that  chapter  nor  on  the  present  occasion,  does  Miiller 
seem  to  be  aware  of  the  contradiction  which  these  views  of  cutaneous  secretion 
<^er  to  the  purely  chemical,  I  ought  rather  to  say,  physical  theory  of  respiration, 
whieh  he  anvocates  in  the  text,  as  all  sufficient  for  an  explanation  of  the  actual  phe- 
iioinene«  Carbonic  acid  comes  properly  under  the  head  of  efiete  matters,  the  dis- 
eharge  of  which,  as  an  excretion,  from  the  system,  is  brought  about  by  secretion; 
and  if  it  is  eliminated  through  the  skin  as  a  secretion,  can  we  refuse  to  the  lungs 
s  similar  glandular  officel  This  indeed  is  generally  admitted  for  them,  except 
by  the  pure  chemical  physiologists,  in  the  case  of  water,  as  it  unquestionably 
BDtt  be  of  mucus  eliminated  from  the  pulmonary  mucous  surface.  In  fine,  since 
both  the  skin  and  the  lungs  give  out  carbonic  acid,  water,  saline  and  animal 
tnbstances,  and  since  both  are  vital  organs,  it  must  be  adverse  to  the  laws  of  induc- 
tion to  explain  a  part  of  the  elimination  (carbonic  acid)  from  one  organ,  (the 
loDgB,)  by  purely  physical  and  chemical  laws,  and  precisely  an  identical  part 
from  another  organ,  (the  skin,)  agreeably  to  vital  laws  or  the  process  of  secretion. 
.  Doctor  J.  Davy,  (Recount  of  some  Experiments  on  the  Blood  in  Connection  with  the 
7%eory  of  Respiration — read  before  the  Royal  Society,  June  31,  1838,)  in  illustra- 
tion of  what  he  believes  to  be  the  secreting  power  of  the  lungs,  mentions  the 
difference  of  effects  in  an  instance  of  death  by  strangulation,  and  of  another,  by 
exhaastion  of  air  from  the  lungs  by  the  air-pump.  ^^A  full  grown  Guinea-pig 
was  the  subject  of  experiment  in  each.  The  one  killed  by  strangulation  died  in 
about  a  minute  af\er  a  cord  had  been  drawn  tightly  around  its  neck;  the  other, 
placed  on  the  plate  of  the  air-pump,  and  confined  by  a  receiver  just  large  enough 
to  hold  it,  lived  about  five  minutes  after  the  exhaustion  had  been  commenced,  the 
pomp  the  whole  time  having  been  worked  rapidly.  The  bodies  were  immediately 
examined.  The  heart  of  the  strangled  animal  was  motionless;  it  was  distended 
with  dark  blood;  twelve  measures  of  the  blood,  broken  up  and  agitated  with 
twenty  more  of  carbonic  acid  gas,  absorbed  eighteen  measures,  or  150  per  cent. 
The  heart  of  the  other  Guinea-pig  was  also  distended  with  blood,  but  of  a  less 
dark  hoe.  Its  auricles  were  feebly  acting;  the  lungs  were  paler  than  in  the  former, 
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CHAPTER  VI. 

OF  THE  BESPIBATORT  MOVEMENTS  AND  THE  BESPIRATOBT  VERVBSr 

a.  TTie  movements  qf  Sespiratioru 

In  Mammalia  generally,  as  well  as  in  the  human  subject,  inspirar 
tion  and  expiration  are  performed  by  the  dilatation  and  contraction 
of  the  cavity  of  the  thorax.  As  soon  as  the  parietes  of  the  thorax 
are  drawn  wider  asunder  and  the  thorax  dilated,  the  external  air 
rushes  through  the  trachea  and  its  branches  into  the  air  cells,  dis- 
tending them  in  pro^rtion  to  the  dilatation  of  the  thorax,  thus 
keeping  the  surface  of  the  lungs  accurately  in  contact  with  the  tho- 
racic parietes  in  all  their  movements.  This  can  only  take  place, 
however,  while  the  thoracic  cavity  is  closed  on  all  sides,  so  that  the 
air  cannot  exert  any  pressure  on  the  outer  surface  of  the  lungs,  by 
which  the  pressure  of  the  air  entering  by  the  trachea,  on  the  inner 
surface,  would  be  balanced.  In  cases  of  penetrating  wounds  of  the 
thorax,  the  lungs  cannot  be  fully  distended  by  inspiration;  because 
the  counter-pressure  of  the  air  entering  by  the  wound  balances  the 
pressure  of  the  air  on  their  inner  surface;  and  the  lungs  in  this  case 
remain  collapsed,  although  the  thoracic  parietes  dilate. 

Inspiration. — The  diaphragm  contributes  the  principal  share  to 

and  more  collapsed;  ten  measores  of  blood  from  the  heart,  broken  op  and  agitated 
with  fifty  of  carbonic  acid,  absorbed  thirty-seven  measures,  or  370  per  cenuT 

**  Farther,  in  illostration  of  this  supposed  secreting  power  of  the  longs,  I  might 
(continues  Dr.  Davy)  adduce  the  condition  of  the  blood  in  disease,  and  in  in- 
stances in  which  I  have  examined  it  after  dea^h  from  disease,  in  the  majority  of 
which  I  have  found  the  blood  loaded  with  carbonic  acid,  as  indicated  both  by 
the  disengagement  of  this  gas,  when  the  blood  was  agitated  with  another  gas, 
and  by  the  comparatively  small  proportion  of  carbonic  acid  which  the  blood  was 
capable  of  absorbing.  This  condition  of  the  blood,  in  relation  to  carbonic  acid, 
I  believe  to  he  one  of  great  interest  and  importance,  and  capable,  when  further 
investi^ted,  of  throwing  light  on  many  obscure  parts  of  pathology,  and  especially 
on  the  immediate  cause  of  death,  and  that  happy  absence  of  pam  in  dying  which 
is  commonly  witnessed." 

We  shall  probably  make  nearer  approaches  to  the  truth,  by  regarding  respiration 
as  a  function  of  a  mixed  kind,  or  pnysico-vital,  by  which  water  and  carbonic  acid 
are  exhaled  or  simply  transpired,  given  out  by  exosmosis,  and  oxygen  imbibed^ 
passing  in  by  endosmosis;  but  the  rapidity  and  completeness  of  these  processes 
will  be  greatly  influenced  by  the  organic  properties  of  the  pulmonary  mucous  tissoe 
itself— just  as  in  gastric  digestion,  although  aliment  be  an  indispensable  excitant 
and  support  of  the  function,  yet  will  the  extent  of  change  by  chymosis  depend  not 
only  on  the  amount  of  aliment  ingested  but  on  the  vital  activity  of  the  gastric  mn- 
cous  surface  itself.  How  far,  in  addition  to  the  simple  modification  of  the  exhalation 
of  carbonic  acid  and  the  introduction  of  oxygen  by  vitality,  there  is  also  a  real  secre- 
tion of  the  former  gas,  and  absorption  of  the  latter  element,  is  yet  to  be  determined. 
The  distribution  of  red  and  black  blood  through  the  lun^  by  the  bronchial  and 
pulmonary  arteries  renders  the  question  of  gaseous  secretion  one  of  difficult  sola- 
tion,  as  that  of  bile  has  been,  owing  to  a  similar  double  supply  of  red  blood  by  the 
hepatic  artery,  and  dark  blood  by  £e  qwui  artery  or  vena  ports. 


.      MOnO'SS  OP  THE  LARYNX  AND  PATTCES.  317 

the  dilatation  of  the  chest  during  inspiration.  In  the  state  of  relaxation 
the  diaphragm  is  arched;  by  contracting  it  becomes  more  plane;  and 
by  this  flattening  of  its  arch  the  capacity  of  the  thorax  is  increased,  at 
the  same  time  that  the  abdominal  viscera  are  pressed  upon  from 
above,  so  as  to  produce  the  protrusion  or  apparent  enlargement  of 
the  abdomen  which  is  observed  during  inspiration. 

As  soon  as  the  diaphragm  becomes  relaxed,  the  abdominal  viscera 
recede,  and  the  abdomen  again  becomes  flat.  In  a  natural  tranquil 
inspiration,  the  dilatation  of  the  chest  is  effected  almost  wholly  by 
the  diaphragm.  The  lateral  dilatation  of  the  thorax  is  performed 
principally  by  the  action  of  the  intercostal  muscles,  assisted  also  by 
the  scaleniy  the  levatores  costarum^  the  serratus  posticus  superior^ 
and  the  thoracic  muscles  generally. 

ExpiratioHy  when  perfectly  tranquil,  may  be  the  result  of  the  mere 
collapse  or  elastic  reaction  of  the  parts  recovering  their  natural  state 
after  the  active  dilatations  which  they  have  undergone;  and,  in  fact, 
tranquil  respiration  seems  to  consist,  not  so  much  in  alternate  actions 
6f  antagonising  muscles,  as  in  the  periodic  action  of  the  muscles  of 
mspiration  solely.  The  elasticity  of  the  lungs  themselves,  adds  Dr. 
Baly,  and  the  share  which  they  have  in  producing  expiration,  have 
been  particularly  investigated  by  Dr.  Carson  of  Liverpool.  He  made 
several  experiments  to  determine  the  force  exerted  by  the  lungs  by 
virtue  of  their  elasticity  in  expelling  the  air  after  the  act  of  inspiration 
had  ceased.  '*  In  calves,  sheep,  and  large  dogs,  the  resiliency  of  the 
lungs  was  found  to  be  balanced  by  a  column  of  water  varying  in 
height  from  one  foot  to  a  foot  and  a  half;  and  in  rabbits,  by  a  column 
of  water  varying  in  height  from  six  to  ten  inches."  {PhiL  Trans. 
1820.)  M.  Bazin  has  VQcenily  {Comptes  Befidus,  Jufy  30,  1839,) 
drawn  attention  to  a  capsule  of  elastic  tissue  which  invests  the  lungs 
externally,  and  sends  prolongations  inwards,  forming  the  septa  be- 
tween the  different  pulmonary  lobules.  In  some  animals  this  capsule 
is  very  strong  and  its  elasticity  very  great. 

The  muscles  of  expiration  may  assist  by  that  passive  kind  of  con- 
traction which  all  muscles  possess  in  addition  to  their  stronger  con- 
tractile power.  However  this  may  be,  expiration  ensues  sponta- 
neously, as  soon  as  inspiration  ceases.  During  a  more  forcible 
expiration,  the  expiratory  muscles  act  more  strongly,  especially  when 
any  irritation  is  excited  in  the  larynx  or  lungs,  in  which  case  they 
contract  even  spasmodically  so  as  to  produce  cough.  The  muscles 
of  expiration  are  the  abdominal  muscles,  which  draw  down  the  ribs, 
and  by  compressing  the  abdomen  force  upwards  the  viscera  against 
the  relaxed  diaphragm,  and  thus  diminish  the  capacity  of  the  thorax 
iirom  below.  These  muscles  are  the  reciij  obliqui^  and  transversi 
abdominisy  the  qnadratits  lumborum,  the  musculus  serratus  pos- 
ticus tJiferiory  the  sacro-lumbalisj  and  the  longissimus  dorsi. 

Expiration  is  assisted,  first,  by  the  elastic  contraction  of  the  air 
tubes  after  their  distension  by  the  air  has  ceased;  secondly,  by  con- 
traction of  muscular  fibres  of  the  air  tubes. 

Motion  of  the  larynx  and  fauces, — The  glottis  is  dilated  during 
inspiration,  and  contracted  during  expiration.    The  bronchial  tubes 

27* 
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are  also  dilated  during  inspiration,  and  contracted  daring  expiration. 
The  air  enters  and  is  expelled  either  by  the  nose  or  the  mouth. 
When  the  air  is  drawn  in  and  expelled  by  the  nostrils  only,  the  pas* 
sage  through  the  mouth  is  closed  by  the  posterior  part  of  the  tongue 
being  pressed  aganist  the  palate;  if  respiration  is  performed  by  the 
mouth,  the  soft  palate  is  elevated.  By  approximating  the  posterior 
palatine  arches  (by  which  means,  as  Dzondi*  has  discovered,  the 
communication  between  the  nostrils  and  lower  part  of  the  pharynx 
is  completely  closed),  and  by  pressing  the  root  of  the  tongue  againat 
the  palate,  the  mouth,  as  well  as  the  nostrils,  can  be  completely  cut 
off  from  the  air  tubes.  This  movement  is  often  performed  volun- 
tarily, as  in  holding  the  breath,  and  in  arresting  the  passage  of  an- 
pleasant  odours  through  the  nose.t 

Muscular  contraction  of  the  lungs  and  air  tubes, — ^The  hypo- 
thesis of  the  lungs  themselves  aiding  in  the  movements  of  respiration^ 
has  from  the  earliest  times  been  alternately  adopted  and  rejected* 
Averroes,  Riolan,  Plater,  Sennert,  and  Bremond  (Mim,  de  PJlead* 
d.  Sc.  Par.  1739,)  were  in  favour  of  it.  Th.  Bartholin,  Diemer- 
hoeck,  Mayow,  and  Haller,  (Elementa  Physiol,  t.  iii.  1.  viiL  p.  226,) 
were  opposed  to  it.  The  former  writers  observed  that,  in  animals 
of  which  the  thorax  was  laid  open  during  life,  the  lungs  did  not 
always  collapse,  but  in  some  cases  continued  to  move,  although  the 
muscles  of  the  thorax  could  no  longer  act.  More  recently,  Flormann 
and  Rudolphi  have  defended  this  hypothesis.  {Rudolphiy  AnaL 
Physiol.  Jibhandl.  p.  111.)  In  a  dog  which  was  drowned,  the 
lungs  appeared  to  Flormann  to  continue  to  move  even  after  the  dia- 
phragm had  been  divided;  and  Rudolphi  saw  the  lungs  of  a  dog 
which  had  been  strangled  continue  to  move  even  after  the  sternum 
had  been  removed,  and  the  diaphragm  and  intercostal  muscles 

*  Ueber  die  Fanctionen  des  weichen  Ganmens.  Halle,  1831.  See  also  Mr* 
Hilton*8  observations  on  the  functions  of  the  soft  palate  and  pharynx  in  No.  iii.  of 
the  Guy's  Hospital  reports. 

f  In  birds  the  air  duringr  inspiration  enters  not  merely  the  longs,  but  also  the 
fjrreat  air  cells.  Birds  have  no  perfect  diaphragm;  a  few  muscular  bands  ari8in|r 
from  the  posterior  angles  of  the  third,  fourth,  and  fifth  rib  pass  upwards  to  be  at- 
tached to  a  fibrous  membrane  at  the  under  surface  of  the  lun^.  The  dilatation  of 
the  thorax  produces  dilatation  of  large  intervisceral  cells  which  communicate  with 
the  lungs,  and  the  air  is  thus  drawn  into  the  lungs,  through  which  it  most  pass  to 
reach  these  cells.  The  air  is  expelled  again  from  these  cells,  and  from  the  Inogtt 
by  the  action  of  thd  abdominal  muscles.  In  the  Chelonian  reptiles  the  ribs  are 
immovable,  and  the  Amphibia — Coecilie,  Derotremata,  Proteida,  and  Batrachia 
— have  no  true  ribs;  in  these  animals,  conseauently,  the  air  is  taken  in  by  move- 
ments of  deglutition.  Frogs,  having  closed  the  opening  of  the  mouth,  dilate  the 
cavity  of  the  month  and  throat  so  as  to  draw  in  the  air  by  the  nostrils;  then  closing 
the  internal  apertures  of  the  nostrils  by  a  peculiar  mechanism,  and  the  pharynx  at 
the  same  time,  they  contract  the  cavities  of  the  mouth  and  throat  so  as  to  force  the 
air  through  the  glottis  into  tlie  langrs.  The  air  is  expelled  partly  by  the  action  of 
the  abdominal  mnscles,  and  partly  by  the  elasticity  of  the  lungs,  the  glottis  being 
opened.  In  the  tortoise  and  turtle  the  expiration  is  performed  by  the  contraction 
01  the  abdominal  muscles  between  the  lower  shield  or  plastron  and  the  posterior 
extremities.  The  reptijps  which  have  movable  ribs  respire  by  enlarging  and 
diminishing  the  capacity  of  their  trunk  by  means  of  their  ribs.  For  the  mechaniBiii 
of  the  respiration  in  fishes,  consult  Cuvier's  Le; one  d*Anat.  Comp. 
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divided.  Sach  movements  have  been  attributed  to  shocks  commu- 
nicated from  the  thoracic  parietes;  they  might  also  aris^  from  con- 
tractions of  the  heart  or  of  the  pulmonary  veins.  Haller  never  saw 
these  motions  of  the  lungs;  in  his  experiments  the  lungs  always  col- 
lapsed perfectly  when  the  thorax  was  completely  opened:  the  result 
of  my  experience  is  the  same,  and  I  conjecture  that  Flormann  and 
Rudolphi  must  have  been  deceived.  The  farther  consideration  of 
this  controversy  is  merely  of  historical  interest;  arguments  and  coun- 
ter-arguments are  repeatedly  brought  forward,  and  the  inquirer  is  at 
last  left  to  the  testimony  of  his  own  eyes,  which  in  my  case  is  op- 
posed to  the  hypothesis.  Motions  were  observed  by  Tiedemann  in 
the  respiratory  organ  of  the  Holothuria.  Treviranus  relates  that  he 
has  seen  motion  excited  in  the  lungs  of  the  frog  by  the  application 
of  tincture  of  opium  and  extract  of  belladonna.  I  do  not  know 
whether  the  celebrated  author  of  the  <<  Biologic''  attributes  much 
importance  to  this  observation.  Frogs  fill  their  lungs  with  ai»from 
their  throat,  and  the  air  escapes  on  the  glottis  and  nostrils  being 
opened.  If  the  glottis  is  opened,  the  lungs  become  permanently  col- 
lapsed, and  no  contractions  can  be  excited  in  them.  (Consult,  on  this 
subject,  Lundj  Vivisectionen^  pp.  240 — 243.) 

The  contractile  power  of  the  trachea  and  its  branches  is,  however, 
less  equivocal.  It  might  be  supposed  that  the  bronchi  contributed 
to  produce  the  motions  observed  by  Houstoun,  Bremond,  Flormann, 
and  Rudolphi.  It  is,  however,  still  matter  of  doubt  whether  the 
muscular  fibres  of  the  trachea  produce  any  rhythmic  motions  of 
contraction  and  dilatation.  The  transverse  muscular  fibres  on  the 
posterior  surface  of  the  trachea  are  well  known.  Muscular  fibres 
are  also  described  as  existing  on  the  smaller  bronchi.  Reisseissen 
{De  fabrica  Ptilmon.  Berol.  1822,  fol.)  has  contributed  most  to 
draw  attention  to  these  fibres.  He  says  that  by  means  of  a  lens  he 
has  recognised  muscular  fibres  on  bronchi  so  small  that  their  cartila- 
g^ious  plates  could  no  longer  be  seen. 

It  is  remarkable  that  there  exists  at  present  no  direct  proof  of  the 
contractility  of  the  muscular  fibres  of  the  trachea  and  its  branches. 
All  the  ducts  of  glands  possess  true  muscular  contractility;  they  have 
the  power  of  involuntary  motion.  (See  section  on  Secretion.)  But 
contractions  of  the  fibres  of  the  trachea  have  hitherto  been  observed 
only  by  Krimer.  ( Untersuchungen  iiber  die  n&chste  Ursache  des 
Buatens.  Leipz.  1819.)  Wedemeyer  applied  mechanical  stimuli 
and  galvanism  to  the  whole  circumference  of  the  trachea  in  a  dog 
and  a  hedge-hog,  both  with  and  without  previous  division  of  the 
mucous  membrane,  but  could  perceive  no  contractions  produced; 
vhile  bronchi  of  three-fourths  of  a  line  to  a  line  in  diameter  con- 
tracted gradually  until  their  cavity  was  nearly  obliterated.  Wede- 
meyer laid  bare  the  trachea  in  a  living  dog,  and  freed  it  from  cellular 
tissue  for  the  space  of  two  inches;  he  then  cut  out  a  portion  in  front, 
and  irritated  the  posterior  wall  of  the  trachea  mechanically  and  by 
galvanism,  but  could  not  produce  the  slightest  contraction.  Wede- 
meyer now  opened  the  thorax  quickly,  and  removed  the  lungs  with 
their  bronchi.    He  made  several  sections  of  the  larger  bronchi,  but 


SiO  THE  &E8PIRAT0RT  IfSRVES. 

could  discover  no  sign  of  contractility  in  them.  On  applying  gal- 
vanism, hoVever,  to  the  smaller  branches  of  about  one  line  in 
diameter,  he  thought  that  he  saw  them  undei^o  a  distinct  constric- 
tion, but  it  took  place  very  slowly.  The  last  phenomenon  had  been 
before  observed  by  Varnier.  It  is  probable,  therefore,  that  the 
Jbronchial  tubes  and  trachea  do  not  contract  and  dilate  rhythmically 
during  the  movements  of  respiration.  Had  they  this  power,  it  would 
be  quite  an  isolated  fact;  for  although  the  hepatic  duct  presents 
rhythmic  contractions,  they  are  quite  independent  of  volition;  while, 
if  the  bronchi  contracted  and  dilated  synchronously  with  the  other 
respiratory  movements,  their  action,  like  that  of  the  other  parts  en- 
gaged in  respiration,  must  also  be  subject  to  the  will,  and  it  is  highly 
improbable  that  the  branches  of  the  efferent  tube  of  an  internal  vis- 
cus  would  be  thus  under  the  influence  of  the  will.  It  is  possible  that 
the  fibres  of  bronchi  may  possess  a  contractile  power  which  is  con- 
stantly in  action,  and  which  may  effect  the  contraction  of  the  tubes 
on  the  cessation  of  the  act  of  inspiration:  but  mere  elasticity  would 
be  sufficient  for  this  purpose. 

In  man  the  dilatation  of  the  bronchi  during  inspiration,  and  the 
shortening  of  the  trachea  during  inspiration,  and  its  lengthening 
during  expiration,  which  some  physiologists  have  observed,  seem  to 
be  merely  the  mechanical  results  of  the  dilatation  and  contraction  of 
the  thorax;  the  larynx  itself  descends  a  little  during  violent  inspira- 
tion, and  ascends  again  during  expiration.* 

i.  Of  the  influence  qf  tht  nerves  on  the  function  of  respiration* 

The  source  of  the  nervous  influence  on  which  the  different  respt" 
ratory  movements  depend,  is  one  and  the  same,  although  the  nerves 
implicated  in  these  movements  are  various. 

The  respiratory  movements  are:  1st.  Movements  in  the  face,  which, 
however,  are  but  seldom  exerted  in  rhythmic  order;  such  are  the 
elevation  and  depression  of  the  alae  of  the  nose,  and  the  straining  of 
several  muscles  of  the  face  during  respiration.  These  movements 
are  observed  in  violent  involuntary  acts  of  respiration,  and  even  in 
a  state  of  great  debility;  they  are  under  the  influence  of  the  portio 
dura,  or  facial  nerve,  which  Sir  C.  Bell  calls  the  respiratory  nerve  of 
the  face.  2d.  Dilatation  of  the  glottis  during  inspiratidn,  and  its 
contraction  during  expiration.  This  motion  is  wholly  subject  to  the 
action  of  the  two  laryngeal  branches  of  the  nervus  vagus,  the  nervus 
laryngeus  superior  et  m,  I,  inferior  seu  recurrens,     3d.  Lateral 

*  Birds  have  eertainly  the  power  of  shortening  their  trachea  by  means  of  par- 
tiofilar  mascles,  the  mnsculi  stemo-tracheales  and  ypsilo-tracheales;  and  in  many 
birds  there  are  several  muscles  at  the  inferior  larynx  at  the  division  of  the  traobaa» 
for  the  purpose  of  producing  their  song.  It  is  a  very  interesting  fact,  that  the  foi^ 
mer  muscles  are  supplied  with  a  special  nerve,  a  second  descending  branch  of  the 
ninth  nerve,  which  descends  nearly  as  far  as  the  inferior  larynx,  and  (in  the  tar- 
key)  supplies  the  stemo  and  ypsiio-tracheal  mascles;  while  the  recurrent  nenrey 
destined  chiefly  for  the  oesoptiagus,  gives  a  proportionally  short  branch  to  the 
trachea.  I  have  hitherto  had  no  opportunity  of  ascertaining  the  correctness  of  the 
assertion  of  Desmoulin,  that  the  inferior  larynx  is  supplied  from  the  inferior  cervi- 
cal nerves. 
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dilatation  of  the  thorax  during  inspiration,  effected  through  the 
agency  of  the  spinal  nerves,  the  respiratory  external  nerve  of  Bell, 
and  the  accessory  nerve  of  Willis,  which  supplies  the  trapezius  with 
iiervous  influence  for  the  elevation  of  the  shoulder.  4th.  Contrac- 
tion of  the  diaphragm  in  the  act  of  inspiration, — dependent  on  the 
phrenic  nerve.  5th,  and  lastly.  Contraction  of  the  abdomina  1  muscles 
in  expiration, — through  the  influence  of  spinal  nerves.  The  respira-' 
tory  nerves,  then,  are  the  portio  dura  of  the  seventh,  the  nervus 
vagus,  accessory  nerve,  and  many  spinal  nerves  distributed  to  the 
muscles  of  the  trunk. 

Each  of  these  nerves  has  its  own  sphere  of  action,  and  one  of  them 
may  be  deprived  of  its  function  without  the  others  being  affected. 
The  division  of  any  one  of  them  puts  a  stop  to  that  set  of  move- 
ments which  depend  upon  its  influence;  but  destruction  of  the  me- 
dulla oblongata  annihilates  all  the  respiratory  movements,  and  the 
action  of  all  those  nerves  which  arise  from  the  spinal  cord.  The 
medulla  oblongata  is  the  source  from  which  the  nervous  influence 
for  the  respiratory  motions  is  derived;  and  the  spinal  cord  is,  as  it 
were,  the  trunk  of  the  nerves  which  arise  from  it.  If  the  spinal  cord 
is  divided  above  the  point  where  the  dorsal  nerves  are  given  off,  the 
motions  of  the  ribs  and  abdominal  muscles  are  paralysed,  while  the 
other  respiratory  movements  continue.  If  the  spinal  cord  is  cut 
through  above  the  origin  of  the  phrenic  nerves,  the  diaphragm  is 
paralysed,  while  the  nerves  given  off  from  the  medulla  oblongata 
Itself  still  continue  to  exert  their  function.  The  nerves  coming  off 
firom  the  spinal  cord  below  the  lesion,  are  still  capable  of  exciting 
motions  when  irritated  singly,  but  they  can  no  longer  receive  the 
motor  influence  from  the  common  source  of  all  the  simultaneous, 
voluntary  and  involuntary,  movements  of  respiration.  Injury  of  the 
medulla  oblongata  puts  an  end  immediately  to  all  the  respiratory 
motions, — as  well  to  those  dependent  on  the  nervus  vagus  as  to  those 
of  the  trunk,  which  are  dependent  on  spinal  nerves. 

Legallois  pointed  out  this  connection  between  the  medulla  oblon- 
gata and  respiration;  he  proved  that  no  other  parts  of  the  brain  are 
the  source  of  the  respiratory  movements,  and  that  the  brain  of  an 
animal  may  be  removed  piece  by  piece  from  before  backwards, 
until,  on  wounding  the  medulla  oblongata  at  a  point  corresponding 
to  the  origin  of  the  vagus  nerve,  all  respiratory  movements  at  once 
cease.  Hence  the  medulla  oblongata  is  the  most  mortal  part  of  the 
body;  lesion  of  it  is,  at  least,  followed  by  more  dangerous  conse- 
quences than  that  of  any  other  part  of  the  nervous  system. 

Lesion  of  the  nervus  vagus  in  the  neck  paralyses  the  branches 
arising  below  the  injury,  and  therefore  the  nervus  recurrens.  The 
consequences  are  loss  of  voice,  and  difficulty  in  dilating  the  rima 
glottidis.  The  voice  returns,  however,  in  a  few  days,  because  the 
muscles  of  the  larynx  are  supplied  in  common  by  the  superior  and 
inferior  laryngeal  nerves.  If  the  superior  and  inferior  laryngeal 
nerves  of  both  sides  are  divided,  the  larynx  is  quite  paralysed. 
Magendie's  assertion,  that  the  nervus  laryngeus  inferior  supplies 
only  those  muscles  which  dilate  the  glottis,  and  the  nervus  laryngeus 
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superior  those  which  contract  it,  is  not  confirmed  by  the  investiga- 
tions of  Schlemm  and  others;  both  nerves  are  distributed  to  both 
sets  of  muscles.  If  there  is  any  difference  in  the  functions  of  the  two 
nerves,  it  can  arise  merely  from  the  recurrent  nerve  being  in  its  re- 
markable course  connected  with  the  sympathetic  nerve  and  cardiac 
plexus^  and  thus  having,  in  addition  to  the  voluntary  motor  fibres  of 
the  vagusy  also  fibres  from  th^  sympathetic  system.  It  is  not  known 
whether  the  recurrent  nerve  gives  the  power  of  voluntary  contrac- 
tion to  the  muscles  of  the  larynx.  Other  deep  branches  of  the  vagus 
which  have  many  connections  with  the  sympathetic  nerve,  such  as 
the  oesophageal  and  gastric  branches,  are  no  longer  capable  of  ex- 
citing voluntary  motion. 

Sir  C.  BelPs  views  regarding  the  respiratory  nerves  may  very 
properly  be  explained  here. — The  aspect  of  a  man  in  a  state  of  ex- 
cited action  is  sufficient  to  ph)ve  that  the  movements  connected  with 
the  function  of  respiration  extend  over  almost  the  whole  body;  they 
are  observable  in  the  abdomen,  chest,  neck,  and  face.  The  respira- 
tory nerves  belong  to  a  two-fold  system.  To  the  system  of  spinal 
nerves,  with  two  roots, — a  sensitive  posterior  root  provided  with  a 
ganglion,  and  a  motor  or  anterior  which  has  no  ganglion, — compre- 
hending all  the  spinal  nerves  and  the  nervus  trigeminus  or  fifth 
pair, — belong  those  respiratory  nerves  arising  from  the  spinal  cord 
which  serve  for  the  motion  of  the  thoracic  and  abdominal  musdea 
The  second  system  of  nerves  which  furnishes  respiratory  nerves, 
consists  of  those  which  arise  by  but  one  kind  of  root;  the  respiratory 
nerves  of  this  system  are  the  facial  nerve  and  the  vagus  and  the 
accessory  nerve  of  Willis.  Bell  supposes  that  a  special  set  of  fibres  in 
the  medulla  oblongata  and  spinal  cord  is  the  source  of  the  influence 
which  gives  rise  to  the  simultaneous  and  harmonious  action  of  the 
respiratory  nerves  of  both  kinds.  All  the  respiratory  nerves  serve 
also  as  the  principal  nervous  agents  in  the  expression  of  the  passions. 
A  great  portion  of  the  spinal  nerves  concur  to  produce  the  move- 
ments of  respiration;  but  Bell  distinguishes  the  following  as  the 
special  respiratory  nerves  for  particular  regions: — 

1st.  The  nervus  vagusy — the  respiratory  nerve  of  the  larynx. 

2d.  Nervus  facialis  (portiO'dtira)^ — respiratory  nerve  of  the  face. 
The  respiratory  action  of  this  nerve  is  more  evident  in  proportion  as 
respiration  is  more  laboured;  for  instance,  during  great  muscular 
exertion,  and  in  feeble  debilitated  persons.  The  elevation  and  de- 
pression of  the  alae  of  the  nose  and  the  straining  of  the  muscles  of 
the  face,  in  this  laboured  respiration,  are  dependent  on  the  influence 
of  the  facial  nerVe.  If  this  nerve  is  divided,  the  sympathy  of  the 
countenance  with  the  respiratory  organs,  and  the  expression  of  the 
passions,  are  lost.  In  brutes,  the  development  of  the  facial  nerve  is 
proportionate  to  the  degree  in  which  the  passions  are  expressed  by 
movements  of  their  face. 

3d.  The  superior  respiratory  nerve  of  the  trunk, — nervus  accessor 
rius  Willisiiy — is  distinguished  by  its  remarkable  course.  It  arises 
by  a  simple  root  between  the  double  roots  of  the  spinal  nerves  at  the 
upper  part  of  the  spinal  cord;  ascends,  receiving  other  fibres'  from 
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the  medulla  oblongata,  into  the  cavity  of  the  cranium;  and  issues 
from  it  again  as  a  single  nervous  cord.  It  gives  a  portion  of  its 
fibres  to  the  vagus,  and  directs  the  action  of  the  trapezius  when  it 
co-operates  in  the  respiratory  movements,  by  elevating  the  shoulder 
80  as  to  free  the  thorax  from  its  weight  If  the  nervua  accessorius 
is  divided  in  a  living  animal,  the  action  of  the  trapezius  in  respiration 
ceases;  but  it  still  retains  its  power  of  voluntary  motion  by  virtue  of 
the  branches  of  spinal  nerves  distributed  to  it. 

4th.  The  great  internal  respiratory  nerve,— ncrt;w*  phrenicusj  or 
diaphragmatic  nerve. 

To  the  posterior  thoracic  nerve  Bell  attaches  too  much  importance. 

The  source  whence  all  the  nerves  above  enumerated  derive  their 
nervous  influence  is,  as  we  have  seen,  the  medulla  oblongata.  Lesion 
of  that  part  of  the  nervous  centres  puts  a  stop  to  the  respiratory 
movements,  while,  according  to  Bell,  if  the  spinal  marrow  is  divided 
at  the  fifth  cervical  vertebra,  the  phrenic  nerve  not  being  implicated 
in  the  injury,  respiration  is  still  carried  on  by  the  agency  of  the 
phrenic,  accessory  and  external  respiratory  nerves;  expiration  being 
performed  by  the  mere  elasticity  of  the  thoracic  and  abdominal 
parietes;  and  a  new-born  child,  according  to  Bell,  continues  to  breathe 
when  nearly  the  whole  brain  is  destroyed,  if  the  medulla  oblongata 
is  uninjured.* 

Sympathetic  affections  qf  the  respiratory  muscles. — I  have 
already  mentionea  that  the  whole  system  of  nerves  engaged  in  the 
respiratory  movements  serve  likewise  for  the  expression  of  the  pas- 
sions. They  are  also  affected  partially,  or  all  simultaneously,  in 
many  other  cases.  Nervous  affections,  which  take  the  form  of 
asthma,  afford  an  example  of  convulsive  action  of  the  whole  system 
of  respiratory  nerves.  But  a  fact  not  noticed  by  Bell,  which  never- 
theless appears  to  me  to  throw  such  light  on  many  phenomena,  is, 
that  local  irritation  of  any  part  provided  with  mucous  membrane  is 
adequate  to  excite  the  respiratory  system  of  nerves  to  morbid  action, 
80  as  to  produce  convulsive  motions.  Irritation  of  the  mucous 
membrane  of  the  nose  produces  sneezing;  irritation  in  the  pharynx, 
flBSophagus,  stomach,  or  intestines,  excites  the  concurrence  of  the 
lespiratory  movements  to  produce  vomiting;  violent  irritation  in  the 
lectum,  bladder,  or  uterus,  gives  rise  to  a  concurrent  action  of  the 
respiratory  muscles  so  as  to  effect  the  involuntary  expulsion  of  the 
fteoes,  urine,  or  foetus.  Irritation  of  the  mucous  membrane  of  the 
larynx,  trachea,  or  lungs,  or  even  itching  from  irritation  in  the  Eu- 
stachian tube,  excites  coughing. 

All  these  acts, — coughing,  vomiting,  spasmodic  involuntary  expul- 
sion of  the  faeces,  and  involuntary  discharge  of  urine,  are  effected 
with  the  aid  of  the  respiratory  movements.  The  first  action  of  the 
local  irritation  affecting  the  inner  coats  of  the  viscera,  is  upon  the 
branches  of  the  sympathetic  nerve  distributed  to  them;  and  in  the 
stomach,  cesophagus,  pharynx,  larynx,  and  lungs,  upon  the  branches 

*  Sir  C.  Bell  on  the  Nervous  System. — Phys.  Pathol.  Unterauch.  dee  Nerren- 

3 stems,  aberseti  von  M.  H.  Romberg,  Berlio,  1839,  pp.  196-338.    See  also 
dllar*s  AzBhif .  1834, 168. 
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rise  to  spasmodic  actions  of  the  expiratory  muscles  of  the  thorax  and 
abdomen;  during  each  act  of  expiration  the  glottis  is  partly  opened, 
and  a  loud  noise  produced.  The  diaphragm  has  nothing  to  do  with 
the  act  of  coughing,  except  that  sometimes,  before  coughing,  a  deeper 
inspiration  is  taken.  Krimer  ( Untersuchungen  uber  den  Husten) 
and  Brachet  state  that  after  the  nervus  vagus  has  been  divided  on 
both  sides,  coughing  cannot  be  again  excited  in  an  animal  by  irrita- 
tion, however  violent,  of  the  inner  surface  of  the  trachea.*  While 
division  of  the  sympathetic  nerve  is  said  by  Krimer  not  to  have  the 
same  effect. 

We  have  the  power  of  cutting  off  the  entrance  into  the  larynx 
from  the  nose  and  mouth,  not  merely  by  closing  the  glottis,  but  also, 
as  was  discovered  by  Dzondi,  by  a  muscular  action  in  the  fauces 
themselves.  It  consists  in  bringing  the  posterior  arches  of  the  palate 
in  contact  from  opposite  sides,  and  in  pressing  the  posterior  part  of 
the  tongue  against  the  inclined  plane  thus  formed.  This  movement 
always  precedes  sneezingj  which  is  a  sudden  and  violent  contraction 
of  the  muscles  of  expiration,  the  air  passages  having  been  previously 
closed  at  the  fauces.  At  the  moment  of  the  violent  expiration,  the 
passage  by  the  mouth  and  the  nasal  canal  are  suddenly  opened 
nmultaneously,  or  the  nasal  canal  alone.  The  diaphragm,  which  so 
many  ancient  and  modern  authors,  misled  by  a  popular  error,  be- 
lieved to  contribute  to  the  act  of  sneezing,  has  in  reality  nothing  to 
do  with  it.  The  diaphragm  is  not  an  expiratory  muscle;  it  only  acts 
in  producing  the  deep  inspiration  which  precedes  the  sneezing.  Ex- 
tensive sympathies,  which  appear  to  be  quite  unnecessary,  have 
been  imagined  to  explain  the  act  of  sneezing,  from  the  false  notion 
that  it  is  produced  by  the  diaphragm;  the  irritation  of  the  nasal  nerves 
was  supposed  to  be  communicated  to  the  deep  branch  of  the  vidian 
and  to  the  sympathetic;  and  thence  to  the  cervical  nerves  and  nervus 
phrenicus.  Even  Arnold  still  speaks  of  such  a  chain  of  sympathy. 
Since  the  expiratory  muscles,  and  not  the  diaphragm,  effect  the  act 
of  sneezing,  the  fauces  and  posterior  nares  being  first  closed,  the 
most  simple  view  to  t>e  taken  of  the  matter  is,  to  consider  the  me- 
dulla oblongata  itself  as  the  medium  of  communication  between  the 
nasal  branches  of  the  fifth  nerve  and  the  expiratory  muscles  and 
muscles*  of  the  soft  palate,  just  as  the  sympathetic  motions  of  the  iris 
are  excited  by  the  stimulus  of  light,  through  the  intervention  of  the 
brain. 

The  sympathy  of  a  great  part  of  the  nervous  system  with  local 
irritations  through  the  medium  of  the  brain  and  spinal  marrow  are 
very  well  illustrated  by  the  symptoms  observed  in  an  animal  under 

*  Id  some  experiments  performed  by  Dr.  J.  Reid  also,  the  eensibility  of  the 
miieoat  membmne  of  the  trachea  and  bronchi  was  much  blunted  after  the  division 
of  the  TBgi.  But  in  four  dogs  which  lived  beyond  the  fourth  day  after  tlie  divi- 
sion of  the  vaffi — and  in  three  of  which  the  recurrent  nerves  were  also  divided, — 
fieqaent  cough,  or  at  least  forcible  expirations,  which  could  not  be  distinguished 
from  a  congh,  were  observed.  This  mfght  have  been  dependent  on  irritation  of 
Ae  upper  part  of  the  cnt  nerves;  but  when  examined  afier  death,  they  presented 
■o  mtrkt  of  high  inflammation.— (Dr.  Reid,  Edin.  Med.  and  Surg.  Joonial,  April, 
1839,  also  Jim.  EdU.  BM  an  ike  Narva.)  ^ 
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the  influence  of  a  narcotic  poison,  when  a  slight  touch  of  the  skin 
produces  general  tetanic  spasms. 

Yawning  consists  of  a  deep  and  slow  inspiration,  and  expiration 
with  simultaneous  action  of  the  respiratory  muscles  of  the  face.  The 
mouth  is  at  the  same  time  opened  wide;  a  movement  which,  like  those 
of  the  facial  muscles,  is  also  under  the  influence  of  the  facial  nerve, 
being  efiected  by  means  of  the  digastricus.  Yawning  occurs  generally 
after  fatigue,  and  is  especially  frequent  and  easily  excited  in  persons 
of  irritable  and  debilitated  nervous  system;  also  during  the  state  of 
drowsiness,  and  at  the  commencement  of  fever.  The  supposition 
that  it  arises  from  some  obstruction  in  the  pulmonary  circulation,  ap- 
pears to  me  to  be  quite  incorrect.  Laughing  and  crying  are  also 
attended  with  afiections  of  the  respiratory  nerves  of  the  &ce  and 
trunk. 

Hiccough  is  really  an  affection  of  the  diaphragm, — an  abrupt  in- 
spiration performed  by  the  diaphragm  alone,  which  sometimes  con- 
tracts while  the  glottis  is  closed.  It  arises  most  frequently  from  some 
pressure  on  the  pharynx  or  oesophagus,  in  consequence  of  swallow- 
ing too  large  morsels,  or  of  swallowing  too  quickly  in  succession,  but 
is  also  a  frequent  symptom  of  affections  of  the  nervous  system. 
Krimer  asserts  that  hiccough  can  be  induced  in  brutes  by  irritating 
and  compressing  the  cardiac  orifice  of  the  stomach. 

All  the  respiratory  movements  are  performed  involuntarily,  and 
are  nevertheless  to  a  certain  extent  subject  to  the  will;  they  are  car- 
ried on  in  a  constant  and  regular  succession  during  sleep,  and  at  other 
times,  without  our  consciousness;  they  frequently  consist  merely  of 
periodic  inspirations,  in  the  intervals  of  which  the  parts  return  to  theur 
former  state  by  virtue  of  their  elasticity;  frequently  also  there  are 
alternate  muscular  actions  of  inspiration  and  expiration.  If  the 
structure  of  the  lungs  is  in  part  destroyed  or  loaded  with  blood,  a 
much  less  quantity  of  the  fluid  can  be  aerated  in  a  given  time,  and  the 
respiratory  movements  are  then  proportionally  quicker.  The  move- 
ments of  respiration  are  so  far  subject  to  the  will,  that  we  can,  though 
only  in  a  certain  degree,  regulate  the  commencement  of  each  inspi- 
ration,— can  shorten,  prolong,  or  delay  it, — and  can  limit  the  respi- 
ratory movements  to  single  groups  of  the  respiratory  muscles;  thus, 
for  example,  we  can  inspire  with  the  diaphragm  only,  or  T^ith  the 
ribs  only,  or  with  both  at  the  same  time.  This  voluntary  influence 
is  exerted  in  the  same  manner  as  in  the  case  of  almost  all  motions 
which  are  dependent  on  the  function  of  the  cerebral  and  spinal 
nerves;  and  the  power  of  exerting  it  is  preserved  as  long  as  the  cor- 
responding nerves  are  still  in  connection  with  the  brain  and  spinal 
cord. 

The  regular  successioti  of  the  involuntary  respiratory  move- 
ments  is  very  remarkable  and  difficult  of  explanation.  We  have 
seen  that  the  continuance  of  the  respiratory  movements  is  dependent 
on  the  integrity  of  the  medulla  oblongata.  How  that  part  of  the 
nervous  centres  acts,  in  determining  their  rhythm,  and  the  cause  of 
the  first  respiration  in  the  new-born  child,  will  be  considered  in  a 
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subsequent  part  of  this  volume^  under  the  head  of  the  automatic 
movements. 

Effects  of  division  of  the  nervi  vagi. — A  consideration  of  all  the 
different  results  obtained  by  the  various  observers,  {LegalhiSy  Du- 
puytrenj  Blainville^  Dumas^  Emmerty  V,  Pommery  Jimemannj 
Provenfal  and  Mayer,)  leads  to  the  inference  that  death,  after  tying 
or  dividing  the  nervus  vagus,  arises  from  the  concurrence  of  different 
circumstances,  which  at  last  produce  suffocation.  They  are  the  fol- 
lowing:— 1.  Incomplete  paralysis  of  the  muscles  of  the  glottis.  2. 
£zudations  in  the  lungs.  3.  Change  in  the  chemical  process  going 
on  in  the  lungs.  4.  Coagulation  of  the  blood  in  the  vessels,  as  ob- 
served by  Mayer. 

It  appears,  adds  Dr.  Baly,  from  Dr.  J.  Reid's  observations,  (loc. 
ciiaL)  that  section  of  the  vagi  nerves  is  not  always  fatal  by  pro- 
ducing morbid  changes  in  the  lungs;  in  two  out  of  seventeen  dogs 
experimented  upon,  the  lungs  were  found  perfectly  healthy.  One  of 
these  dogs  died  after  the  completion  of  the  eighth  day,  apparently 
from  inanition;  the  other  was  killed  after  the  twelfth  day,  when  ap- 
parently in  perfect  health.  Dr.  Reid  shows  that  the  effusion  into 
the  bronchi  is  not  the  cause  of  the  laboured  respiration  in  animals  of 
which  the  vagi  nerves  have  been  divided,  but  its  indirect  effect.  In 
several  experiments  it  was  absent,  or  existed  only  in  a  trifling  de- 
gree. Congestion  of  the  blood-vessels  seemed  to  be  the  first  stage 
of  the  morbid  changes  in  the  lungs.  The  diminished  frequency  of 
the  respiration  is  regarded  by  Dr.  Reid  as  the  cause  of  this  conges- 
tion. In  opposition  to  the  observations  of  Magendie,  Wilson  Philip, 
and  Swan,  Dr.  Reid  states  that  lesion  of  one  pneumogastric  nerve 
does  not  induce  disease  of  the  corresponding  lung;  in  seventeen  ani- 
malSy  in  which  he  had  removed  a  portion  of  one  vagus,  and  which 
were  allowed  to  live  from  twenty-four  hours  to  six  months,  he  could 
detect  no  morbid  change  in  the  lungs,  which  he  could  attribute  to 
the  operation.  This  renders  it  very  improbable  that  section  of  both 
vagi  affects  tiie  lungs,  by  suspending  some  direct  influence  of  those 
nerves  upon  them,  and  rather  favours  Dr.  Reid's  opinion  as  to  the 
mode  in  which  the  operation  affects  those  organs,  since  lesion  of  one 
vagus  diminishes  very  slightly  the  frequency  of  the  respirations. 
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SECTION  I. 

or  DIG£STION,  CHTLIFICATIONy  AND  THE   EXCRETION  OF  THE  DECOM- 
POSED EFFETE  MATTERS. 

CHAPTER  I. 
Of  Digestion  in  Oeneral. 

Tn^  food  qf  animals  consists  of  animal  and  vegetable  substances. 
Some  animals  live  solely  on  the  former  class  of  substances,  others  ou 
the  latter;  others,  again,  amongst  which  is  man,  have  a  mixed  diet, 
consisting  of  both  animal  and  vegetable  matters.  Man  is  supported 
as  well  by  food  constituted  wholly  of  animal  substances  as  by  that 
which  is  formed  entirely  of  vegetable  matters;  and  the  structure  of 
his  teeth,  as  well  as  experience,  seems  to  point  out  that  he  is  destined 
for  a  mixed  kind  of  aliment. 

Both  the  vegetable  and  animal  articles  of  diet  contain  the  more 
common  salts,  which,  being  essential  components  of  the  animal  sys- 
tem, may  in  a  certain  point  of  view  be  regarded  as  nutriment  But 
no  animal  can  subsist  on  mineral  substances  alone;  though  from 
necessity,  or  from  prejudice,  for  the  purpose  of  filling  the  stomach, 
earth,  either  alone  or  mixed  with  organic  matters,  is  sometimes 
swallowed  by  human  beings, — for  instance,  by  the  Ottomaks  and 
Guamos  in  Oronoco,  and  by  the  inhabitants  of  New  Caledonia* 
Vauquelin  could  detect  no  nutritious  matter  in  the  steatite  which  is 
eaten  by  the  inhabitants  of  New  Caledonia.*  The  earth,  which,  oa 
account  of  famine,  was,  in  the  year  1832,  in  the  parish  of  DegernM, 
on  the  borders  of  Lapland,  mixed  with  flour  and  the  bark  of  trees, 
and  baked  so  as  to  form  a  kind  of  bread,  consisted  of  siliceous  earth 
mixed  with  organic  particles.  {PoggendorPs  Ann.  B.  xxix.  p.  261.) 
This  mineral  flour  was  found  by  Retzius  to  consist  of  the  fossil  re- 
mains of  nineteen  diflerent  forms  of  infusoria. 

All  substances  from  the  animal  and  vegetable  kingdoms  appear  to 
aflbrd  nutriment,  provided  that  they  are  easily  soluble  in  the  animal 
fluids,  contain  no  combination  of  elements  too  unlike  that  of  the  ani- 
mal matters  of  the  being  which  they  ought  to  nourish,  possess  no 
remarkable  chemical  properties,  and  have  no  tendency  to  enter  into 
binary  combinations  at  the  expense  of  the  organic  components  of 
the  living  body.  Substances  which  have  such  a  tendency,  which 
are  of  heterogeneous  composition,  or  have  peculiar  chemical  proper- 
ties, are  either  medicinal  substances,  or,  in  a  relative  sense,  poisons. 
I  am  much  inclined  to  believe  that  even  the  peculiar  effects  of  the 
narcotic  poisons  which  produce  no  evident  material  change  in  the 
system,  and  do  not  essentially  excite  inflammation,  arise  from  the 

*  See  Hnmboldt's  Relse  in  den  Eqntnoct.  Gegend.  ir.  p.  557.  TrsFels  in  the 
Equinoctial  Regions  of  the  New  Continent,  translated. — Rudol phi's  Physiol,  ii.  18. 
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heterogeneous  and  peculiar  chemical  substances  which  they  contain 
causing  decomposition  and  the  formation  of  binary  compounds  in 
the  animal  matter  of  the  body.  This  opinion  appears  to  me  to 
be  rendered  probable  by  the  fact  that  the  substances  to  which 
we  allude  contain  vegetable  alkaloids,  and  that,  according  to  the 
observation  of  Fontana,  the  most  active  narcotic  poisons — the  poison 
of  the  viper  and  the  ticunas, — exert  a  chemical  action  on  animal 
substances,  the  effect  of  which  has  been  particularly  observed  in 
the  blood.*  The  term  <<  poison"  is  to  be  taken  in  quite  a  relative 
sense.  The  poison  of  serpents  when  introduced  into  the  blood  pro- 
duces decomposition  of  the  animal  fluids;  but,  when  taken  into  the 
stomach,  it  is  rendered  innocuous,  being  decomposed,  as  it  would 
seem,  in  the  alimentary  canal.  The  poison  of  the  viper  exerts  its 
noxious  influence  very  slowly  likewise,  when  applied  to  wounds  in 
the  lower  vertebrata,  particularly  in  the  amphibia — as  frogs, — and 
in  the  blind-worm;  to  serpents,  it  would  appear  to  be  innocuous. 
Most  narcotic  poisons,  however,  are,  in  large  doses,  poisonous  even  to 
the  lower  animals.  Prussic  acid  is  as  destructive  to  leeches  as  to  the 
human  subject;  opium  and  nux  vomica  appear  to  be  poisonous  to 
all  animals,  with  the  exception  of  the  bird,  Buceros  rhinoceros^  which 
is  said  to  feed  on  the  nuts  of  the  strychnos. 

The  most  simple  nutritive  substances  from  the  vegetable  kingdom 
are, 

1.  The  acid  juices  of  many  plants  and  fruits. 

8.  Starch  (amylum) — in  the  seeds  of  the  grasses  and  leguminous 
plants,  in  the  tubera  of  the  potato,  in  sago,  and  in  lichen  Islandicus. 

3.  Vegetable  mucilage — in  roots  and  seeds,  and  in  the  form  of 
the  different  gums.  It  difliers  from  animal  mucus  in  being  soluble 
in  water. 

4.  Sugar — in  the  juices  of  many  plants,  and  of  their  fruits. 

5.  Fatty,  or  fixed  vegetable  oils— in  seeds  and  some  tuberous 
roots. 

6.  Vegetable  albumen — in  the  milky  juices  of  vegetables,  in  the 
milk  of  the  milk-tree,  brosimum  galactodendron,  {Don  in  EcL  N, 
Phil,  Joum.  1829,  Oct.  Dec.)  and  in  seeds  which  yield  emulsions 
by  trituration. 

7.  Gluten — generally  combined  with  albumen  in  the  different 
kinds  of  grain  and  other  seeds,  also  in  sweet  fruits. 

8.  Fungin — in  the  fungi. 

Many  other  substances, — the  spirituous  and  aromatic  substances, 
for  example — merely  stimulate  the  digestive  organs,  and  do  not 
aflford  nourishment  The  woody  fibre,  the  investments  of  seeds, 
most  resins,  colouring  and  extractive  matters,  hairs,  feathers,  horn, 
daws,  scales,  the  external  skeleton  of  insects,  and  all  horny  sub- 
stances generally,  are  indigestible. 

The  principal  nutritive  principles  derived  from  the  animal  king- 
dom are, 

*  See  page  143.  For  an  account  of  the  vegetable  poiaons,  conanlt  Chriatiaon 
and  othera  on  Toxicology;  on  animal  poiaona,  aee  Rndolphi,  loo.  citat. 
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1.  Gelatin — in  the  tendons,  bones,  cartilages,  the  skin,  the  cellular 
tissue,  and  especially  in  very  young  animals. 

2.  Albumen — principally  in  the  ova,  in  the  brain  and  nerves,  in 
the  blood,  &c. 

3.  Fibrin — in  muscular  substance,  and  in  the  blood. 

4.  Animal  oil  and  fat.  (For  an  account  of  the  properties  of  these 
principles,  see  Book  I,  Sect  1,  p.  97 — 105.) 

5.  Casein — in  milk,  with  animal  fat  (butter),  and  in  cheese.* 
Nutritive  principle  of  food, — The  end  and  object  of  digestion 

arey  first  J  the  solution  of  the  food,  since  nothing  can  be  taken  up  by 
the  absorbent  vessels  which  is  not  in  solution;  and,  secondly,  the 
reduction  of  the  different  ingredients  of  the  food  above  enumerated^ 
into  the  most  simple  material  of  the  animal  processes,  namely,  albu- 
men, which  is  found  to  be  contained  in  the  fluid  resulting  from  the 
digestion  of  the  food,  partly  in  the  state  of  solution,  and  partly  in 
globules.  To  effect  these  changes,  something  more  than  mechanical 
division  is  required;  chemical  influences, — digestive  fluids, — are  es- 
sential.^ Those  substances,  then,  are  most  easy  of  digestion,  and 
most  nutritious,  which  are  most  easily  soluble  and  most  readily 
converted  into  albumen,  or  which  themselves  contain  albumen;  and 
hence  we  see  that  the  yolk  of  the  egg,  being  a  concentrated  solution 
of  albumen  (with  oil),  forms  for  the  embryo  a  nutriment  which  is 
assimilated  immediately  without  any  previous  digestion.  Every- 
thing, on  the  other  hand,  is  indigestible,  which,  either  like  woody 
fibre  and  the  skin  of  fruits,  can  afford  no  nutriment,  on  account  of 
its  insoluble  nature,  or  itself  exerts  a  chemical  action  so  as  to  call 
into  play  the  tendency  of  the  elements  of  the  organic  matter  to  form 
binary  compounds,  a  tendency  which  had  been  previously  counter- 
balanced by  the  organic  force.  A  distinction  must  be  made  also 
between  substances  easy  of  digestion  and  nutritious  substances.  A 
substance  may,  by  reason  of  its  solubility,  be  in  that  sense  easy  of 
digestion,  and  yet  afford  little  nourishment,  its  composition  being 
such  that  it  is  with  difficulty  converted  into  albumen.  Other  sub- 
stances, which,  when  once  dissolved,  are  very  nutritious,  may,  on 
the  other  hand,  be  difficult  of  solution,  and  thus  indigestible  for  weak 
digestive  powers.  Good  food,  therefore,  must  not  only  be  easy  of 
solution,  but  also  nutritious  in  its  nature.  The  farther  a  substance 
is  removed  in  its  composition  from  that  of  albumen  the  less  nutritious 
will  it  be,  and  the  greater  expenditure  of  the  digestive  powers  is 
required  for  its  conversion  into  chyle. 

If  digestion  consisted  merely  in  the  solution  of  the  food,  and  if  all 
articles  of  diet  contained  a  certain  quantity  of  one  and  the  same  nu- 
triment, for  which  no  further  chemical  change  was  required,  the 
quality  of  any  article  of  food  might  be  determined  by  ascertaining 
its  degree  of  solubility,  the  quantity  of  nutriment  which  it  contained, 
and  the  degree  of  difficulty  attending  the  extraction  of  this  nutriment 

*  A  fall  account  of  all  the  sabstances  used  as  food,  is  contained  in  the  third 
Tolame  of  Tiedemann*s  Physiologrie.  Darmstadt,  1836.  See  also  on  this  sabject, 
as  well  as  on  the  dietetic  regimen  of  the  people  in  different  coantries.  Regimen  and 
Longeoityj  by  John  BeU,  M.  D.    Philadelphia,  184d. 
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from  the  other  ingredients  of  the  substance.  The  dogma  of  Hippo- 
crates that  there  are  different  icinds  of  food,  and  but  one  kind  of  nu« 
triment  (alifnentum)j  is  founded  on  this  incorrect  conception  of  the 
nature  ot  nutriment  Some  of  the  substances  which  are  taken  as 
foody  and  which  must  be  converted  into  albumen, — for  instance, 
vegetable  substances, — contain  no  albumen  before  they  are  digested. 
^  Alimentum/'  in  the  sense  in  which  the  term  is  used  by  Hippocrates, 
\b  therefore  the  product  of  digestion;  to  afford  which,  those  substances 
that  differ  in  their  composition  from  albumen  require  to  undergo  in 
the  stomach  a  chemical  change. 

Jizotiztd  and  unazoiized  aliments. — M.  Magendie  hajs  pointed 
oat*  an  important  distinction  which  may  be  made  in  the  alimentary 
substances,  between  those  which  contain  nitrogen  and  those  in  which 
it  constitutes  little  or  no  part. 

The  substances  which  contain  little  or  no  nitrogen  are  the  saccha- 
rine and  acid  fruits,  oils,  fats,  butter,  mucilaginous  vegetables,  refined 
sugar,  starch,  gum,  vegetable  mucus,  and  vegetable  gelatin.  The 
different  kinds  of  corn,  rice,  and  potatoes,  are  aliments  of  the  same 
kind.  The  azotized  aliments  are  vegetable  albumen,  gluten,  fungin, 
and  some  matters  met  with  in  different  plants,  which  resemble  osma- 
fome:  these  azotized  vegetable  principles  are  met  with  principally 
in  the  seeds  of  the  grasses,  and  in  the  stems  and  leaves  of  the  grasses 
and  herbs,  the  seeds  of  leguminous  plants — lentils,  peas,  and  beans; 
and  almonds  and  nuts  also  contain  them.  Of  the  animal  substances 
which  contain  nitrogen  the  chief  are  gelatin,  albumen,  fibrin,  and 
casein.  Most  animal  substances,  with  the  exception  of  fat,  contain 
more  or  less  nitrogen.  Some  writers  have  supposed  that  respi- 
ration is  the  source  whence  the  nitrogen  of  the  animal  body  is 
derived,  while  others  have  imagined  that  it  is  generated  from  other 
elements.  The  instance  of  the  herbivorous  animals  which  feed  on 
substances  that  contain  little  or  no  nitrogen,  and  that  of  the  negroes, 
.  who  live  for  a  long  time  on  a  diet  consisting  entirely  of  sugar,  have 
been  adduced  in  support  of  these  opinions.  M.  Magendie,  however, 
observes  that  almost  all  the  vegetables  which  afford  nourishment  to 
animals  and  man  contain  more  or  less  nitrogen,  that  this  element 
enters  in  pretty  large  quantity  into  the  composition  of  impure  sugar, 
and  lastly,  that  the  nations  which  feed  on  rice,  maize,  or  potatoes, 
take  also  milk  or  cheese. 

Very  valuable  experiments  have  been  instituted  by  M.  Magendie 
to  determine  the  degree  of  nutritive  property  possessed  by  substances 
which  contain  no  nitrogen,^for  example,  by  food  consisting  wholly 
of  sugar  and  distilled  water.  The  experiments  were  performed  on 
dogs.  During  the  first  seven  or  eight  days  the  animals  were  brisk 
and  active,  and  took  their  food  and  drink  as  usual;  but  in  the  course 
of  the  second  week  they  began  to  get  thin,  although  their  appetite 
continued  good,  and  they  took  daily  between  six  and  eight  ounces 
of  sugar.  The  emaciation  increased  during  the  third  week,  and  they 
became  feeble,  and  lost  their  activity  and  appetite.    At  the  same 

•  Physiol,  edh.  9,  t  ii.  p.  496.    MiUigtn't  TVantlatioD,  4th  edit.  p.  993. 
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time  an  ulcer  appeared  on  each  cornea,  followed  by  an  escape  of 
the  humonrs;  this  took  place  in  repeated  experiments.  The  animals 
etill  continued  to  eat  three  or  four  ounces  of  sugar  daily;  but  nevei> 
theless  became  at  length  so  feeble  as  to  be  incapable  of  motion,  and 
died  on  a  day  varying  from  the  3l8t  to  the  34th.  (And  it  must  be 
recollected  that  dogs  will  live  the  same  length  of  time  without  any 
food  at  all.)  After  death  the  muscles  were  found  very  much  wasted, 
the  stomach  and  intestines  much  contracted,  and  the  gall-bladder  and 
urinary  bladder  distended.  The  urine  was  analjrsed  by  Chevreul, 
and  found  to  be  alkaline,  as  in  herbivorous  animals,  and  to  contain 
no  uric  acid  or  phosphates.  The  bile  contained  abundance  of  pi- 
cromel,  which  also  exists  in  large  proportion  in  the  bile  of  herbivora, 
but  which  has  been  recently  found  to  be  likewise  present  in  the  bile 
of  carnivorous  animals.  The  faeces  contained  but  little  nitrogen, 
although  it  generally  forms  a  large  part  in  their  composition.  To 
ascertain  whether  these  effects  are  peculiar  to  a  sugar  diet,  or  result 
from  the  want  of  nitrogen,  Magendie  kept  dogs  on  olive-oil  and 
water.  All  the  phenomena  produced  were  the  same,  except  that  no 
ulceration  of  the  cornea  took  place.  The  same  was  the  result  when 
dogs  were  fed  on  gum  alone,  which  is  a  very  nutritious  substance 
if  taken  mixed  with  other  aliments,  but  which  contains  no  nitrogen. 
With  butter  the  effects  were  the  same,  and  the  dog  died  on  the 
thirty-sixth  day,  although  meat  was  given  him  on  the  thirty-second 
day;  one  eye  ulcerated:  and  the  urine  and  bile  were  found  in  hiniy 
as  well  as  in  the  dogs  fed  with  gum  and  oil,  to  be  of  the  same  compo- 
sition as  in  those  fed  on  sugar.  By  other  experiments,  Magendie 
ascertained  that  chyme  and  chyle  are  formed  from  sugar,  oil,  or  gum; 
and  that  consequently  it  is  not  from  want  of  being  digested  that 
these  substances  do  not  nourish  the  animals.  In  addition  to  the  ex- 
periments here  detailed,  the  fact  may  be  adduced  that  in  Denmark 
a  diet  of  bread  and  water  for  four  weeks  is  considered  equivalent  to 
the  punishment  of  death;  and  that  Dr.  Stark  died,  in  consequence 
of  experiments  which  he  instituted  on  himself,  to  determine  the 
effects  of  long-continued  sugar  diet:  after  taking  such  food  for  some 
months,  he  became  extremely  feeble  and  swollen,  and  red  spots  ap- 
peared on  his  face,  and  threatened  to  break  out  into  ulcers. 

Magendie's  experiments  have  thrown  some  light  on  the  causes 
and  mode  of  treatment  of  gout,  and  calculous  disorders.  The  subjects 
of  these  diseases  are  generally  persons  who  live  well,  and  eat  largely 
of  animal  food:  while  most  urinary  calculi,  gravelly  deposits,  the 
gouty  concretions,  and  the  perspiration  of  gouty  persons,  contain 
abundance  of  lithic  acid,  a  substance  into  the  composition  of  which 
nitrogen  enters  in  large  proportion.  By  diminishing  the  proportion 
of  azotized  substances  in  the  food,  the  gout  and  gravelly  deposits  in 
the  urine  may  be  prevented. 

Tiedemann  and  Gmelin  have  confirmed  Magendie's  experiments. 
They  fed  different  geese,  one  with  sugar  and  water,  another  with 
gum  and  water,  and  a  third  with  starch  and  water.  All  gradually 
lost  weight.  The  one  fed  with  gum  died  on  the  sixteenth  day;  that 
fed  with  sugar  on  the  twenty-second;  the  third,  which  was  fcid  with 


TABISTT  OF  FOOD  HXCX88ART.  S93 

Starch,  on  the  twenty-fourth,  and  another  on  the  twenty-seventh  day; 
having  lost  during  these  periods  from  one-sixth  to  one  half  of  their 
weight.  But  a  goose  which  was  fed  with  boiled  white  of  egg  cut 
into  small  pieces,  although  it  maintained  its  appetite,  and  the  food 
contained  nitrogen,  also  died  on  the  forty-sixth  day,  after  having  lost 
Dearly  one  half  of  its  weight.  These  experiments  of  Tiedemann 
and  Gmelin,  like  those  of  Magendie  above  detailed,  would  be  very 
conclusive  if  the  same  animals  had  been  fed  alternately  on  different 
substances  that  contained  no  nitrogen;  for  the  experiments  of  Ma^ 
gendie,  which  follow,  show  that  animals  are  frequently  not  able  to 
support  a  diet  consisting  invariably  of  one  and  the  same  substance, 
though  it  contain  azote.  (See  Londe^  Froriep^a  Notiz.  Bd.  xiii.  No. 
10.) 

NeceMity  of  variety  in  diet, — Magendie's  further  experiments 
on  the  nutritious  property  of  different  substances  afforded  the  fol- 
lowing facts: — 1.  A  dog  fed  on  white  bread,  wheat  and  water,  did 
not  live  more  than  fifty  days.  2.  Another  dog,  on  the  contrary, 
which  was  kept  on  brown  soldier's  bread,  did  not  suffer.  3.  Rabbits 
and  Guinea-pigs  fed  on  any  one  of  the  following  substances, — 
wheat,  oats,  barley,  cabbage,  or  carrots, — died  with  all  the  signs  of 
inanition  in  fifteen  days;  while,  if  the  same  substances  were  given 
simultaneously,  or  in  succession,  the  animals  suffered  no  ill  effect. 
4.  An  ass  fed  on  dry  rice,  and  afterwards  on  boiled  rice,  lived  only 
fifteen  days.  A  cock,  on  the  contrary,  was  fed  with  boiled  rice  for 
several  months  with  no  ill  consequence.  5.  Dogs  fed  with  cheese 
alone,  or  with  hard  eggs,  lived  for  a  long  time,  but  they  became 
fteble  and  thin,  and  lost  their  hair.  6.  Rodent  animals  will  live  a 
very  long  time  on  muscular  substance.  7.  After  an  animal  has  been 
fed  for  a  long  period  on  one  kind  of  aliment,  which,  if  continued, 
would  not  alone  support  life,  he  will  not  be  saved  by  his  customary 
food  being  given  to  him:  he  will  eat  eagerly,  but  he  will  die  as  soon 
as  if  he  had  continued  to  be  restricted  to  the  one  article  of  food  which 
was  first  given.  The  conclusion  to  be  deduced  from  the  above  facts 
is,  that  variety  of  the  kinds  of  aliment  is  an  important  circumstance 
to  be  attended  to  in  the  preservation  of  health.  The  statement  of 
M.  Magendie,  that  for  the  nutrition  of  animals  variety  of  diet  is  ne- 
oessary,  and  that  restriction  to  one  kind  of  food  induces  emaciation 
and  death,  has  been  fully  confirmed  by  a  comparative  experiment 
instituted  on  three  rabbits  by  M.  E.  Burdach.  (Froriep^s  Not.  Oct. 
1839,  p.  43.) 

Dr.  Front  {on  the  Nature  and  Treatment  qf  Stomach  and  Uri- 
nary Diseases,)  reduces  all  the  articles  of  nourishment,  among  the 
higher  animals,  to  four  great  classes  or  groups:  1,  the  aqueous;  2,  the 
saccharine,  comprehending  sugar,  starch,  gum,  &c.;  3,  the  oily,  in- 
cluding oils  and  fats;  and  4,  the  albuminous, — the  last  the  proximate 
principle  of  animals,  and  a  modification  of  which  is  vegetable  gluten. 
After  a  short  account  of  each  of  these  classes,  he  makes  the  following 
mmmary  of  the  subject: — 

^Such  are  the  four  great  alimentary  principles,  by  which  all  the 
higher  animals  are  nourished,  and  of  which  their  bodies  are  essen- 
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tially  constitated;  and  if  we  regard  carbon  as  the  elementary  prin- 
ciple by  which,  cmteria  pixribusj  the  nutritire  powers  of  three  of  the 
alimentary  principles  are  measured  or  represented,  (which,  in  a  cer- 
tain point  of  view,  may  be  considered  to  be  the  case,)  we  shall  find 
them  to  stand  in  the  order  in  which  they  have  been  above  described; 
that  is,  the  saccharine  principles  contain  on  an  average  from  forty  to 
fifty  per  cent,  of  carbon:  the  albuminous  (including  azote)  from  fifty 
to  seventy -five  per  cent;  and  the  oleaginous  about  eighty  per  cent, 
of  this  principle.  Of  these  principles  it  has  already  been  remarked, 
that  without  any  alteration  in  their  essential  composition,  they  are 
capable  of  assuming  an  infinite  variety  of  modified  forms;  many  of 
which  are  so  peculiar,  that  from  their  sensible  properties  it  is  very 
difficult  to  recognise  their  identity.  Moreover,  these  staminal  prin- 
ciples, in  all  their  forms,  are  capable  of  readily  passing  into,  and  of 
combining  with,  each  other;  at  least  the  organic  agents,  as  we  shall 
see  hereafter,  have  the  power  of  effecting  such  changes.  Further, 
these  staminal  principles  are  all  susceptible  of  transmutation  into  new 
principles  according  to  certain  laws;  thus  the  saccharine  principle  is 
readily  convertible  into  oxalic  acid;  or,  under  other  circumstances, 
into  the  modification  of  the  oleaginous  principle,  alcohol.  Though 
an  endless  variety  of  these  modifications  of  the  staminal  principles 
exist  in  different  organised  beings,  still  the  proportion  they  bear  to 
the  staminal  principles  is  very  limited;  and  they  are  either  confined 
to  glandular  secretions;  or  are  excrementitious;  or  extravascular; 
that  is,  these  modifications  and  combinations  form  no  part  of  the 
living  animal,  though  they  are  often  attached  to  it;  as  in  the  case  of 
the  shells,  &c.,  of  the  molluscous  tribes.  They  also  exist  in  many  ex- 
creted products. 

**  From  this  essential  identity  between  the  alimentary  matters  by 
which  animals  are  nourished,  and  the  composition  of  their  own 
bodies,  it  not  only  follows  that  in  the  more  perfect  animals  all  the 
antecedent  labour  of  preparing  these  compounds  de  novOy  is  avoided; 
but  that  a  diet,  to  be  complete,  must  contain  more  or  less  of  all  the 
four  staminal  principles.  Such  at  least  must  be  the  diet  of  the  higher 
classes  of  animals,  and  especially  of  men.  It  cannot  indeed  be 
doubted  that  many  animals,  on  an  emergency,  have  the  power  of 
forming  a  chyle  from  one  or  two  of  these  classes  of  aliments;  but 
that  the  higher  animals  can  be  so  nourished  for  an  unlimited  time  is 
exceedingly  improbable.  Nay,  if  we  judge  according  to  what  is 
known  from  universal  observation,  as  well  as  from  experiments 
which  have  been  actually  made  by  physiologists  regarding  food;  we 
are  led  to  the  directly  opposite  conclusion,  namely,  that  the  more 
perfect  animals  could  not  exist  on  one  class  of  aliments;  but  that 
a  mixture  of  three  at  least,  if  not  of  all  the  four  staminal  principles, 
is  necessary  to  form  an  alimentary  compound  well  adapted  to  their 
use. 

<<This  view  of  the  nature  of  aliments  is  singularly  illustrated  and 
maintained  by  the  familiar  instance  of  the  composition  of  milk.  All 
other  mattere  appropriated  by  animals  as  food,  exist  for  themselves; 
or  for  the  use  of  the  vegetable  or  animal,  of  which  they  form  a  con- 
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stituent  part.  But  milk  is  designed  and  prepared  by  nature  expressly 
as  food,  and  it  is  the  onfy  material  throughout  the  range  of  organi- 
sation that  is  so  prepared.  In  milk,  therefore,  we  should  expect  to 
find  a  model  of  what  an  alimentary  substance  ought  to  be — a  kind 
of  prototype,  as  it  were,  of  nutritious  matters  in  general.  Now 
every  sort  of  milk  that  is  known,  is  a  mixture  of  the  four  stamina! 
principles  we  have  described;  in  other  words,  milk  always  contains, 
besides  water^  a  saccharine  principle;  a  caseausj  or,  strictly  speak- 
ing, an  albuminous  principle;  and  an  oily  principle.  Though  in  the 
milk  of  diflferent  animals,  the  three  latter  of  these  staminal  principles 
exist  in  endlessly  modified  forms,  and  in  very  different  proportions; 
yet  neither  of  them  is  at  present  known  to  be  entirely  wanting  in  the 
milk  of  any  animal. 

*<The  composition  of  the  substances  by  which  animals  are  usual!  ji» 
nourished,  favours  the  mixture  of  the  primary  staminal  alimentary 
principles;  since  most  of  these  substances  are  compounds  of  at  least 
three  of  the  staminal  principles.  Thus  most  of  the  gramineous  and 
herbaceous  matters,  besides  water,  contain  the  saccharine  and  the 
glutinous  principles;  while  every  part  of  an  animal  contains  at  least 
albumen  and  oil.  Perhaps,  therefore,  it  is  impossible  to  name  a  sub- 
stance constituting  the  food  of  the  more  perfect  animals,  which  is  not 
essentially  a  natural  compound  of  at  least  three,  if  not  of  all  the  four 
great  principles  of  aliment.' Va) 

•Sppetite  and  satiety, — The  sensations  are  in  part  taste  itself,  and 
in  part  sensations  analogous  to  taste,  like  those  which  are  excited  by 
the  food  when  appetite  is  wanting.  The  sense  of  appetite  is  height- 
ened in  winter  and  spring,  by  cold  baths,  by  friction  of  the  skin,  by 
friction  of  the  abdomen,  and  by  the  agitation  to  which  the  abdomen 
is  subjected  in  exercise  on  horseback,  as  well  as  by  muscular  exertion. 

Digestion  excites  in  healthy  persons  a  general  feeling  of  satisfac- 
tion and  pleasure,  with  the  sensation  of  warmth;  but  these  feelings 
are  not  confined  to  the  digestive  organs,  of  which  the  principal  sen- 
sitive nerve  is  the  vagus;  but  extend  to  almost  all  parts  of  the  body: 
it  is  probable,  therefore,  that  they  are  in  a  great  measure  owing  to 

{a)  I  have  sobstitoted  the  preeedinsr  Bummary  of  Dr.  Proat^s  riews  of  the 
emMifieatioD  of  alimentary  matters,  as  contained  in  his  late  work,  for  the  less 
complete  sketch  taken  by  Miiller  ^m  Dr.  Elliotson^s  edition  of  Blamenbaoh's 
Fliysiology.  Dr.  Front  seems  to  ha?e  anticipated  the  leaults  of  recent  chemical 
analyses,  when  he  tells  ns  that  albuminow  aliments^  under  which  head  he  includes 
**  the  principal  modifications  of  albamen— ^/o/tn,  tUbumen,  strictly  so  called ,/6rtfi, 
eiirrf,  ghdefh** — hare  *^  certain  properties  m  common,  so  as  to  render  it  probable 
that  their  ultimate  composition  is  similar,  or  at  least  analo^oos.^^  As  regards 
slbomeo  and  fibrin,  this  opinion  has  been,  as  the  reader  will  hare  learned  (p. 
100),  folly  verified;  and  to  these  proximate  principles,  so  closely  resemblioff  one 
another,  as  to  approach  to  identity,  may  be  added  casein  (see  note  to  p.  15)  and 

Silatin.  Not  only  has  this  close  affinitv  been  made  manifest  by  a  discovery  of 
e  idtimate  composition  of  these  principles,  but  also  by  that  of  a  proximate  prin- 
eiple^  protein^  which  represenu  them  all,  and  probably  serves  as  the  laat  reduction 
to  homoffeueity  of  organic  nutritive  matter  before  it  becomes  a  part  of  the  chyle 
and  blood  for  the  subsequent  construction  of  the  tissues.  For  any  practical  view 
of  the  subject,  the  term  tUbuminoui^  as  used  by  Dr.  Proot,  will  serve  to  represent 
the  sabstances,  ehisfly  sninMl,  into  which  azote  enters. 
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excitement  of  the  sympathetic  nerves,  which,  as  will  be  shown  at  a 
future  page,  possess  in  a  high  degree  the  faculty  of  transmitting  im* 
pressions  made  on  them  from  one  part  to  another. 

Indigestion  is  a  state  of  the  digestive  organs,  in  which  either  they 
do  not  secrete  the  fluid  destined  for  the  solution  of  the  aliment,  or 
they  are  in  such  a  condition  of  irritability  or  atony,  that  by  f  he  me- 
chanical irritation  of  the  food  painful  sensations  and  irregular  motions 
are  excited.  The  local  sensations  of  uneasiness  in  the  digestive 
organs  appear  to  have  their  seat  principally  in  the  nervus  vagu^ 
for  any  great  irritation  of  that  nerve  in  the  CBSophagus  and  pharynx 
seems  to  produce  the  same  sensations  of  nausea  as  are  the  result  of 
irritation  of  the  stomach  itself  previous  to  vomiting.  But  the  sym- 
pathetic affection  of  the  whole  nervous  system  in  .such  cases  is  not 
^I6ss  striking,  and  seems  to  be  likewise  dependent  on  an  impression 
made  on  the  sympathetic  nerve. 

In  hunger  and  thirst  both  kinds  of  sensations,  the  local  and  gene- 
ral, are  present,  but  the  after  phenomena  are  the  direct  effects  of  the 
want  of  nutriment  and  water  in  the  system. 

What  is  called  thirst  is,  however,  sometimes  rather  a  call  for  the 
cooling  influence  of  cold  drinks,  as,  for  instance,  in  the  dry  hot  state 
of  the  air-passages,  mouth,  and  skin  produced  in  fevers  by  the  in- 
creased temperature  and  diminished  turgescence  of  the  parts.  Exha- 
lation is  in  such  cases  often  diminished,  and  the  dryness  of  the 
surface  arises  from  the  circumstance  that  although  blood  still  flows 
through  the  capillary  vessels,  the  reciprocal  action  between  the  blood 
and  the  living  tissues,  which  is  denominated  turgescence,  or  turgor 
vitalis,  is  depressed.  No  increased  generation  of  caloric  in  the  inter- 
nal organs  is  here  required  to  account  for  the  elevated  heat  of  the 
skin,  since  it  would  arise  from  the  mere  absence  of  exhalation  and 
of  the  cooling  effect  produced  by  the  conversion  of  a  fluid  into  a 
gaseous  body. 

The  final  consequences  of  unappeased  thirst  are  a  feverish  state 
which  does  not  apparently  differ  from  that  of  nervous  fevers,  and 
with  it  inflammation  of  the  air  passages. 

The  local  sensations  of  hunger,  which  are  limited  to  the  digestive 
organs,  and  appear  to  have  their  seat  in  the  nervus  vagus,  are  feelings 
of  pressure,  motion,  contraction,  qualmishness,  with  borborygmi,  and 
finally  pain.  These  sensations  have  been  supposed  to  be  caused  by 
the  saliva,  by  the  bile,  by  the  rubbing  of  the  coats  of  the  stomach 
against  each  other,  or  by  the  acrid  gastric  juice.  Dumas  imagines 
the  feeling  of  hunger  to  arise  from  the  action  of  the  absorbent  vessels 
of  the  alimentary  canal  being  turned  upon  the  coats  of  the  stomach 
and  intestines  themselves.  All  these  suppositions  are  quite  inadmis- 
sible. The  aliment  is  an  ^'adequate,"  or  <<  homogeneous^'  stimulus 
(see  pages  61  to  63)  to  the  digestive  organs:  when  this  stimulus  is 
wanting,  the  state  of  the  organ  is  made  known  to  the  sensorium  by 
the  nerves,  firachet  (Becherches  sur  les  fonctions  du  systhne 
ganglionaire,  Paris,  1830,)  infers,  from  his  experiments,  that  the 
local  sensations  of  hunger,  as  well  as  those  of  appetite  and  Satiety, 
cease  to  be  felt  after  division  of  the  nervi  vagi,  and  it  is  possible  that 
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such  is  the  case.  The  observations  of  Dr.  J.  Reid,  however,  lead 
him  to  conclude  that  animals  in  some  instances  still  continue  to  feel 
hunger  after  those  nerves  have  been  divided.  It  is  obvious  that  if 
the  sensation  of  hunger  is  excited  in  the  vagi  nerves  by  the  want  of 
chyle  in  the  system,  it  might  still  be  felt  after  the  section  of  those 
nerves,  and  would  necessarily  be  referred  to  the  stomach  where  the 
peripheral  extremities  of  the  nerves  are  distributed.  But  it  would 
not  be  80  easy  to  account  for  food  taken  into  the  stomach  exciting 
the  sensation  of  satiety,  which  Dr.  Reid  supposes  may  occur  under 
the  same  circumstances.  The  sensation  of  hunger  is  put  an  end  to, 
by  the  change  which  the  assumption  of  food  produces  in  the  state 
of  the  gastric  nerves,  by  strong  impressions  on  the  sensorium,  and 
the  active  states  of  it  excited  by  passions  or  meditation,  and  by  the 
change  produced  in  the  brain  itself  by  taking  opium,  &c  The  long 
fasting  to  which  insane  persons  are  frequently  observed  to  subject 
themselves,  may  in  like  manner  be  accounted  for,  perhaps,  by  their 
having,  in  consequence  of  the  morbid  affection  of  their  sensorium, 
lost  the  perception  of  the  local  sensation  of  hunger  tirhich  incites  us 
to  take  food. 

The  general  effects  of  fastings  however,  are  observed  to  be  for 
the  most  part  similar  even  in  different  conditions  of  the  digestive 
organs.  They  are  feelings  of  general  debility,  actual  and  gradually 
increasing  loss  of  strength,  fever,  delirium,  and  violent  passion,  al- 
ternating with  the  deepest  despondency.  The  temperature  of  the 
body  is  said  to  fall  several  degrees,  though  this  is  denied  by  Dr. 
Currie  (On  the  effects  of  Watery  cold  and  warm^  as  a  remedy  in 
fiverjllOTj)  to  have  been  the  case  in  a  patient  who  died  of  inani- 
tion in  consequence  of  stricture  of  the  cesophagus.  The  respiration 
becomes  fetid,  the  urine  acrid  and  burning,  and  the  lymphatic  vessels, 
according  to  Magendie  and  Collard,  bloody.  Collard  states  that  the 
quantity  of  their  contents  is  increased  when  the  animal  has  fasted 
only  a  short  time  (?^,  and  that  it  afterwards  gradually  decreases,  but 
that  even  the  lacteals  still  carry  some  little  lymph  about  the  middle 
period  of  the  abstinence.  Contraction  of  the  stomach  ensues.  The 
secretions  cease  to  be  formed,  although  the  gall-bladder  is  full,  and 
bile  still  passes  into  the  intestine.  (It  does  not  enter  the  stomach, 
according  to  Magendie.)  The  mucus  of  the  mucous  membranes 
becomes  less  abundant,  as  do  all  substances  which  can  be  absorbed. 
The  pus  from  wounds,  the  milk,  saliva,  and  the  poison  of  serpents, 
eeaae  to  be  secreted.  The  urine  still  contains  urea;  for  Lassaigne 
found  that  substance  in  the  urine  of  a  madman  who  had  fasted 
eighteen  days:  {Journal  de  Chim.  Med.  1825,  ^vr.)  The  mucous 
membranes  are  pale;  the  urinary  passages  are  not  necessarily  in- 
flam^.  M.  Collard  states  that  the  relative  quantity  of  fibrin  in  the 
blood  is  diminished  during  fasting,  while  the  proportion  of  solid 
matters  due  to  the  red  particles  is  increased.  (Magendie^ s  Journal  de 
Physiol,  i.  viii.  p.  171.)  The  stomach  is  found  much  contracted  after 
death. 

Experiments  on  the  duration  of  life  in  man  and  animals  deprived 
of  food,  show  that  warm-blooded  animslls  are  least  able  to  support 
29 
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the  want  of  food.  The  lower  animals  with  a  hard  external  skeleton 
will  live  an  extraordinary  length  of  time  without  food:  I  have  been 
informed  by  letter,  that  an  African  scorpion  lived  during  the  voyage 
to  Holland  and  nine  months  after  it  arrived  there  and  came  into  the 
possession  of  Dr.  Dehaan,  without  taking  any  food.  Rudolphi  kept 
proteus  anguinus  five  years;  Zoys  had  one  ten  years,  living  in 
spring  water  renewed  from  time  to  time,  and  having  nothing  else 
given  to  it.  Salamanders,  tortoises,  and  gold-fishes  may  likewise  be 
kept  for  years  without  food,  and  it  is  well  known  that  snakes  will 
live  for  six  months  without  eating.  Redi  found  birds  sustain  the 
want  of  food  for  from  five  to  twenty-eight  days:  a  seal  lived  out  of 
water,  and  without  nourishment,  for  four  weeks;  and  dogs  lived  from 
twenty-five  to  thirty-six  days  without  eating  or  drinking.  Man  does 
not  generally  support  hunger  and  thirst  longer  than  a  week;  though 
hunger  alone  is  borne  much  longer,  especially  in  disease,  and  above 
all  in  insanity.  (See  Tiedemannj  Physiol,  t.  iii.)  The  accounts  of 
persons  having  lived  without  taking  food  for  months  and  years  are, 
as  Rudolphi  with  justice  remarked,  examples  of  deception. 


CHAPTER  n. 

OF   THE   DIGESTIVE    ORGANS. 

a.   0/  the  different  forms  qf  the  alimentary  canal. 

It  appears  to  be  a  universal  characteristic  in  the  physical  structure 
of  animals  that  they  have  an  internal  cavity  for  the  production  of  a 
chemical  change  in  the  aliment — a  cavity  for  digestion.  This  cavity 
is  in  most  cases  tubular,  and  open  at  its  upper  and  lower  extremity, 
but  sometimes  it  is  provided  with  but  one,  oral,  opening;  the  remains 
of  the  food,  aAer  digestion,  being  expelled  by  the  same  opening  by 
which  it  had  been  introduced.  (On  the  •^gastrica,  see  Meyen^Jict. 
Nat.  Cur.  t.  xvi.  Suppl.) 

The  Infusoria  have  been  shown  by  the  great  discoveries  of  Ehren- 
berg  to  possess  throughout  the  clsiss  a  mouth  surrounded  with  cilia: 
but  this  is  not  all;  Ehrenberg  has  been  enabled,  by  feeding  the 
creatures  with  coloured  substances,  to  distinguish  the  different  forms 
of  their  digestive  organs,  and  to  found  on  these  differences  a  division 
of  the  class  into  primary  groups.  Some  he  finds  to  have  neither 
intestine  nor  anus,  but  merely  a  single  mouth,  into  which  many 
caecal  stomachs  open;  this  is  the  form  of  the  digestive  organs  in  the 
monads,  &c.  In  others  there  is  a  complete  intestinal  canal  furnished 
with  mouth  and  anus,  and  communicating  by  narrow  tubes  with 
numerous  caecal  stomachs.*    The  intestine  sometimes  describes  a 

*  The  accaracy  of  M.  Ehrenberg's  statement,  that  the  round  bodies  seen 
within  the  so-called  Polysastric  animalcules,  are  stomachs,  has,  however,  been 
recently  called  in  question  by  Mr.  R.  Jones  (Animal  Kingdom,  p.  57),  M.  Meyea 
rMuller*s  Archiv.  1839,  p.  74),  and  M.  Dujaidin  (Ann.  des  Sc.  Nat«  1838. 
Nov.). 
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circle  in  the  body  of  the  animal^  terminating  near  the  mouth  in  a 
ciliated  ring  at  the  upper  extremity  of  the  body,  as  in  the  vorticellae; 
in  other  instances  the  mouth  and  anus  are  situated  at  opposite  ex- 
tremities of  the  animal;  while,  in  others,  again,  the  situation  of  the 
mouth  and  anus  alternates,  either  one  or  other  of  them  being  at  the 
extremity  of  the  body;  lastly,  in  another  group,  both  mouth  and  anus 
open  at  the  abdomibal  surface  of  the  body.  In  Loxodes  cucullatus, 
— a  polygastric  animalcule  with  complete  digestive  canal, — Ehren- 
berg  has  discovered  and  described  pharyngeal  teeth. 

In  the  Rot\feraj  or  wheel  animalcules^  there  is  an  intestinal  canal 
extending  from  the  mouth  to  the  anus,  and  in  some  Ehrcnberg  has 
discovered  a  dental  apparatus.  Most  of  them  have  two  glandular- 
looking  organs  at  the  commencement  of  the  intestinal  tube.* 

In  the  •^calepha  there  is  neither  anus  nor  intestinal  tube;  the  ali- 
ment is  either  conveyed  by  the  mouth  into  a  stomach  which  is  rami- 
fied like  a  vascular  system  in  the  substance  of  the  animal,— as  in  the 
Medusae;  or  the  nutriment  is  taken  up  by  the  absorbent  tubes  of  the 
tentacula«  and  by  these  carried  to  the  stomach, — as  in  the  Rhizosto- 
mata;  or,  as  appears  to  be  the  case  in  the  Berenice  and  others,  the 
food,  being  taken  up  by  absorbent  tubes,  is  distributed  through  rami- 
fied digestive  canals,  there  being  no  true  stomach.  And,  even  in 
cases  where  there  is  a  stomach,  ramifying  tubes,  like  vessels,  arise 
from  it,  and  are  distributed  through  the  substance  of  the  animal. 

In  the  Polyp\fera,  of  which  some  are  free,  others  fixed,  some 
simple  and  others  united  on  a  common  stem,  the  digestive  organs 
are  in  some  instances  simple,  consisting  of  a  caecal  sac-like  stomach, 
which  is  the  form  in  the  Actiniae,  Fungi,  Madrepora,  Tubipora,  Al- 
cyonia,  Millepora,  Sertularia,  and  Hydrae;  while  in  others,  as  in  the 
Alcyonellae,  there  is  a  short  intestinal  canal,  the  anus  opening  near 
the  mouth.t 

In  the  Entozoa  the  forms  of  the  digestive  cavity  are  exceedingly 
various.  In  the  cystic  worms  the  vesicular  cavity  of  the  body  serves 
to  fulfil  the  office  of  digestion;  such,  at  least,  seems  to  be  the  case,  in 
the  Cysticercus  and  Ccenurus.  In  the  Cestoidas,  or  tape-worms,  the 
intestine  is  described  by  Mehlis  to  commence  as  a  simple  tube,  but 
to  bifurcate  very  soon.  In  the  trematoda,  or  suctorious  worms,  there 
18  no  anus,  and  the  intestine  is  ramified  through  the  body  like  a  ves- 
sel, though  there  is  besides, — for  example,  in  the  Distoma, — a  second 
f]r8tem  of  vessels,  which  opens  at  the  posterior  part  of  the  body,  and 
which  may  perhaps  communicate  with  the  ramified  intestinal  canal 
by  its  smaller  branches4  In  the  Acanthocephala  the  anus  is  again 
wanting,  and  the  bifurcate  intestinal  canal  terminates  by  caecal  ex- 
tremities. The  Nematoda,  or  round  worms,  have  a  simple  tubular 
intestine  provided  with  mouth  and  anus. 

*  Ebrenberg,  Physikal.  Abhandl.  der  Konigl.  Akademie  der  Wiasenschafien  za 
Berlin.    1830  and  1831. 

f  See  Hemprich  and  Ehrenberg,  Symbols  Physics.  Berol.  1831.  See  alao 
BCeyen,  lais,  1838.  Nor.  Acu  Nat.  Cur.  t.  xv.  Sappl.  Sharpey,  Cyclop,  of  Anap 
tomy.  Art.  Cilia  and  Farre,  Philos.  Transact.  1837,  p.  388. 

X  Mehlis  de  Distomate  bepatico  et  lanceolate.  Getting.  1825.  Laarer,  Disqais. 
Aiiatom.  de  .^phistomo  conico.    Gryphis,  1830. 
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Between  the  Planaria,  ProMiomaj  Derostoma,  and  other 
wonns  of  fresh  and  salt  water,  so  closely  allied  to  the  Entozoa,  par- 
ticularly to  the  Trematoda,  there  are,  again,  marked  systematic  dis- 
tinctions in  the  forms  of  the  digestive  organs;  the  Prostoma  and 
Derostoma  having  both  mouth  and  anus,  while  in  the  Planaria  there 
is  a  ramified  intestine,  with  the  mouth  at  the  abdominal  surface  of 
the  body,  but  no  distinct  anus.    {Ehrenberg^  Symb,  Phyaik.) 

In  the  Radiata  there  is  sometimes,— as  in  the  Holothnria  and 
Echinoidea,  &c. — an  intestinal  canal  with  both  mouth  and  anus, 
which  in  the  Holothuria  are  at  the  opposite  extremities  of  the  body; 
while  in  the  Echinoidea  the  mouth  is  in  the  middle  of  the  under 
surface,  and  the  anus  either  in  the  middle  of  the  upper  surface,-«a8 
in  the  Echinus, — or  at  the  border  of  the  shell, — as  in  the  Spatangus. 
In  the  Asterioidea  there  is  merely  a  stomach  with  csecal  appendages, 
no  intestinal  canal  nor  anus;  while  in  the  Crinoidea  the  intestine  and 
anus  are  again  met  with, — as  in  the  Comatula, — in  which  the  anus 
is  placed  together  with  the  mouth  at  the  under  surface  of  the  body. 

In  all  the  Annelida,  Crustaceay  Jlrachnida^  and  Inseeia^  there 
is  an  intestinal  canal,  with  mouth  and  anus;  but  its  form  presents 
many  varieties.  We  may  mention,  as  particularly  remarkable  in 
these  classes,  the  increase  of  digestive  surface  by  means  of  caeca 
arising  from  the  short  intestinal  tube  in  the  Phalangida,  (a  family  or 
tribe  of  tracheary  Arachnida,)  the  dental  apparatus  in  the  stomach 
of  Crustacea, — for  example,  crabs  and  lobsters, — and  of  some  insects 
(the  Orthoptera),  and  the  complex  form  of  the  stomach  in  some  car- 
nivorous insects.  In  general,  the  alimentary  canal  of  insects  consists 
of  an  cesophagds,  a  crop,  (which,  however,  is  met  with  only  in  the 
Hymenoptera,  Lepidoptera,  and  Diptera,)  the  gizzard  furnished  on 
the  inner  surface  with  teeth  or  horny  ridges  (which  exists  in  the 
carnivorous  Coleoptera,  and  most  Orthoptera),  the  chylific  portion 
of  the  canal  which  extends  to  the  insertion  of  the  Malpighian,  or  so- 
called  biliferous  vessels,  and  the  intestine  which  extends  from  that 
point  to  the  anus. 

In  the  Vertebrata  the  stomach  is  ordinarily  a  mere  dilated  portion 
of  the  alimentary  tube.  The  intestine  m  fishes  is  usually  short,  but 
its  want  of  length  is  sometimes  compensated  for  by  folds  of  the  mu- 
cous membrane;  in  the  rays  and  sharks,  for  example,  the  internal 
coat  of  the  intestine  forms  a  spiral  valve  extending  from  the  stomach 
to  the  anus,  which  in  fishes  is  generally  situated  in  front  of  the  open- 
ng  of  the  urinary  and  genital  organs. 

*  In  birds  the  stomach  presents  a  complexity  of  structure  which  is 
not  met  with  in  fishes,  Amphibia,  and  reptiles.  In  addition  to  the 
crop,  or  sac-like  diverticulum  of  the  oesophagus, — an  organ  destined 
for  the  preparatory  softening  of  the  food,  and  pretty  generally  present 
in  birds,  being  wanting  only  in  the  Scansores,  Grallatores,  Nata- 
tores,  Insectivores,  and  Cursores,  or  birds  of  the  ostrich  kind, — the 
stomach  itself  is  divisible  into  two  parts:  1.  the  so-called  proventi- 
culus,  or  glandular  stomach,  a  dilatation  of  the  cardia,  in  the  walls 
of  which  there  is  an  entire  stratum  of  distinct  glandular  follicles; 
and  2.  the  muscular  stomach,  or  gizzard,  which  follows  immediately 
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npon  the  other.  In  carnivorous  birds  the  walls  of  the  gizzard  are 
thinner,  but  they  are  very  thick  in  those  which  feed  on  vegetable 
substances;  and  then  the  muscular  coat  forms  two  very  thick  lateral 
muscular  masses,  and  the  mucous  membrane  which  lines  their  inner 
surface  has  a  thick  warty  covering  of  epithelium.  The  large  intes- 
tine is  short  and  narrow,  and  has  two  caeca  at  its  commencement, 
which  are  of  greatest  length  in  birds  which  feed  on  vegetable  sub- 
stances. The  rectum,  as  in  reptiles,  opens  into  the  cloaca,  together 
with  the  urinary  and  genital  organs. 

In  Mammalia^  the  distinction  between  those  feeding  on  vegetables 
and  those  which  live  on  animal  substances  is  the  point  of  greatest 
interest.  The  glandular  stomach  of  birds  is  not  met  with  in  the  class 
Mammalia  as  a  distinct  portion  of  the  alimentary  tube,  and  the  only 
structure  analogous  to  it  is  presented  by  the  accumulation  of  numerous 
glands  about  the  cardia  in  some  quadrupeds,— for  instance, the  beaver, 
phascolomys,  &c.* 

In  several  rodent  animals,  such  as  the  hamster  and  water-rats, 
the  stomach  is  already  divided  into  two  parts.  In  the  great  kan- 
guruh  it  has  three  compartments:  in  the  sloth  even  four;  among  the 
apes  the  Semnopitheci  have  a  compound  stomach,  consisting  of 
three  portions,  the  cardiac  with  smooth  simple  parietes,  a  very  wide 
sac-like  portion,  and  a  long  tubular  division  similar  to  a  large  intes- 
tine. The  complex  structure  of  the  stomach  is,  however,  by  no 
means  a  universal  character  of  herbivorous  Mammalia;  for  in  the 
Solidungula  (the  horse,  ass,  &c.)  the  stomach  is  simple,  its  different 
regions  being  distinguished  merely  by  the  extension  of  the  epithelium 
jRrom  the  oesophagus  over  the  cardiac  portion.  In  the  Pachydermataj 
also,  if  we  accept  the  pecari  and  hippopotamus,  in  which  the  stomach 
has  peculiar  appendages,  or  sac-like  dilatations,  the  organ  is  gene- 
rally of  simple  structure.  The  stomach  exhibits  the  most  remark- 
able complexity  of  structure  in  the  ruminants  among  herbivorous 
Mammalia,  and  in  the  dolphins  among  those  living  on  animal  sub- 
stances. 

The  last  only  of  the  four  stomachs  of  the  Ruminantia  has  the 
acid  property  which  characterises  the  organ  in  other  Mammalia. 
The  first  three  cavities  have  a  distinct  lining  of  epithelium,  and  may 
be  regarded  as  divisions  of  the  cardiac  portion  of  the  stomach,  and 
destined  for  the  softening  of  the  vegetable  food  preparatory  to  true 
digestion.  The  first  great  compartment  of  the  stomach,  the  paunchy 
is  characterised  by  the  numerous  flattened  papillae  of  its  inner  sur- 
&ce;  it  effects  little  change  in  the  food  which  is  in  it  subjected  to 
maceration  by  the  saliva.  The  second,  smaller  stomach,  the  reticu- 
lunif  communicates  freely  with  the  paunch,  and  is  distingushed  by 
the  honeycomb-tike  denticulated  folds  of  its  lining  membrane.  In 
the  third  stomach, the  manyplies  ox omasumjihe  mucous  membrane 
is  thrown  into  numerous  deep  longitudinal  folds,  arranged  side  by 
side  like  the  leaves  of  a  book.    The  food  having  been  softened  in  the 

*  See  Sir  E.  Home's  Lectures  on  Comparatiye  Anatomy,  vol.  iL  and  Muller,  de 
Gland.  Secementiam,  penit.  stract.  tab.  I.  fig.  9, 10. 
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first  and  second  stomach,  is  after  a  certain  time  returned  to  the 
phagns  and  mouth,  and  having  been  a  second  time  masticated, 
descends  through  the  oesophagus  into  the  third  stomach,  and  thenoe 
passes  by  a  narrow  opening  into  the  fourth,  the  obonutsunij  of  which 
the  mucous  membrane  is  soft,  and  the  form  elongated  almost  liice 
that  of  the  intestine.  The  first  and  second  stomachs  may  be  re- 
garded as  diverticula  from  the  cardiac  portions  of  the  oesophagiis 
and  stomach.  The  opening  by  which  they  communicate  with  the 
oesophagus  can  be  closed  so  that  the  morsel  of  food  is  made  to  pass 
onwards  directly  into  the  third  stomach  without  entering  the  first  and 
second  cavities. 

In  the  CeiaceOy  the  complex  structure  of  the  stomach  is  met  with 
both  in  the  vegetable  feeders  and  in  those  which  live  on  animal  sab- 
stances.  The  stomach  of  the  phytophagous  manati  has  several  com- 
partments, and  that  of  the  zoophagous  whales,  also,  has  even  five  or 
more  divisions. 

The  alimentary  canal  in  the  Camivora  is  generally  much  shorter 
than  in  the  other  orders,  and  the  distinction  between  the  small  and 
large  intestine  is  in  them  less  marked,  while  in  most  Herbivora  the 
colon  is  very  wide  and  very  long.  The  csscum  also  presents  re- 
markable differences  according  to  the  kind  of  food  which  the  animal 
takes.  In  general  it  is  remarkably  small  in  Carnivora,  while  in  the 
Solidungula,  Ruminantia,  and  most  Rodentia,  it  is  very  long, — for 
example,  in  the  horse  it  measures  two  feet  and  one  half;  in  the 
beaver,  two  feet. 

The  herbivorous  Mammalia  afford  examples  of  a  change  Jrom 
animal  to  vegetable  food,  inasmuch  as  for  a  certain  period  after  birth 
they  are  supported  on  the  milk  of  the  mother,  and  during  that  period 
the  first  stomach  is  small.  But  the  changes  which  the  alimentary 
canal  of  the  larvae  of  frogs  undergoes  is  much  more  remarkable. 
These  Amphibia  in  the  larva  state  have  an  intestinal  canal  of  very 
great  length,  and  appear  at  that  time  to  feed  principally  on  vegetable 
substances;  while  at  a  later  period,  when  their  food  consists  of  animal 
matters,  the  intestine  is  very  short. 

The  most  general  inference  to  be  deduced  from  the  foregoing  com- 
parative review  of  the  forms  of  the  alimentary  canal  in  the  animal 
Kingdom  is,  that  vegetable  substances  require  a  much  more  extensive 
apparatus  for  their  digestion  than  animal  substances.  The  intimate 
connection  which  exists  between  the  whole  organisation  of  an  ani- 
mal and  the  nature  of  his  food,  has  been  set  forth  by  Cuvier  in  so 
admirable  a  manner,*  that  I  cannot  refrain  from  giving  his  own 
words.  Cuvier  says,  "Every  organised  being  forms  a  whole,  a 
unique,  and  perfect  system,  the  parts  of  which  mutually  correspond, 
and  concur  in  the  same  definitive  action  by  a  reciprocal  reaction. 
None  of  these  parts  can  change  without  the  whole  changing;  and, 
consequently,  each  of  them,  separately  considered,  points  out  and 
marks  all  the  others.    Thus,  as  I  have  before  remarked,  if  the  inte9- 

*  Cuvier,  Revolutions  of  the  surface  of  the  Globe.  English  translation,  Wbit* 
taker,  London,  p.  59. 
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tines  of  an  animal  are  so  organised  as  only  to  digest  flesh,  and  that 
fresh,  it  follows  that  its  jaws  must  be  constructed  to  devour  a  prey, 
its  claws  to  seize  and  tear  it,  its  teeth  to  cut  and  divide  it,  the  whole 
structure  of  the  organs  of  motion,  such  as  to  pursue  and  catch  it,  its 
perceptive  organs  to  discern  it  at  a  distance;  nature  must  even  have 
placed  in  its  brain  the  necessary  instinct  to  know  how  to  conceal 
Itself  and  lay  snares  for  its  victims.  That  the  jaw  may  be  enabled 
to  seize,  it  must  have  a  certain-shaped  prominence  for  the  articula- 
tion, a  certain  relation  between  the  position  of  the  resisting  power 
and  that  of  the  strength  employed  with  the  fulcrum;  a  certain  volume 
in  the  temporal  muscle,  requiring  an  equivalent  extent  in  the  hollow 
which  receives  it,  and  a  certain  convexity  of  the  zygomatic  arch 
under  which  it  passes:  this  zygomatic  arch  must  also  possess  a  certain 
strength  to  give  strength  to  the  masseter  muscle.  That  an  animal 
may  carry  off  his  prey,  a  certain  strength  is  requisite  in  the  muscles 
which  raise  the  head;  whence  results  a  determinate  formation  in  the 
vertebrae  or  the  muscles  attached,  and  in  the  occiput  where  they  are 
inserted.  That  the  teeth  may  cut  the  flesh,  they  must  be  sharp;  and 
they  must  be  more  or  less  so,  according  as  they  will  have,  more  or 
less  exclusively,  flesh  to  cut.  Their  roots  should  be  the  more  solid 
as  they  have  more  and  larger  bones  to  break.  All  these  circum- 
Mances  will  in  like  manner  influence  the  development  of  those  parts 
which  serve  to  move  the  jaw.  That  the  claws  may  seize  the  prey, 
they  must  have  a  certain  mobility  in  the  talons,  a  certain  strength  in 
the  nails,  whence  will  result  determinate  formations  in  all  the  claws, 
and  the  necessary  distribution  of  muscles  and  tendons,  it  will  be 
necesaarjT  that  the  fore-arm  have  a  certain  facility  of  turning,  whence 
again  will  result  determinate  formation  in  the  bones  which  compose 
it;  but  the  bone  of  the  fore-arm  articulating  in  the  shoulder-bone, 
cannot  change  its  structure  without  this  latter  also  changes.  In  a 
word,  the  formation  of  the  tooth  bespeaks  the  structure  of  the  articu- 
lation of  the  jaw;  that  of  the  scapula,  that  of  the  claws;  just  as  the 
equation  of  a  curve  involves  all  its  properties;  and,  in  taking  each 
property  separately  as  the  basis  of  a  particular  equation,  we  should 
find  again  both  the  ordinary  equation,  and  all  the  other  certain 
properties;  so  the  claw,  the  scapula,  the  articulation  of  the  jaw, 
the  thigh-bone,  and  all  the  other  bones  separately  considered,  re- 
quire the  certain  tooth,  or  the  tooth  requires  them  reciprocally;  and 
beginning  with  any  one,  he  who  possessed  a  knowledge  of  the  laws 
of  organic  economy  would  detect  the  whole  animaL  We  see,  for 
instance,  very  plainly,  that  hoofed  animals  must  all  be  herbivorous, 
since  they  have  no  means  of  seizing  upon  their  prey;  we  see,  also, 
that  having  no  other  use  for  their  fore-feet  than  to  support  their 
bodies,  they  have  no  occasion  for  so  powerfully  framed  a  shoulder; 
whence  we  may  account  for  the  absence  of  the  clavicle  and  the 
acromion,  and  the  straightness  of  the  scapula:  not  having  any  occa- 
sion to  turn  the  fore-leg,  their  radius  will  be  solidly  united  to  the 
ulna,  or,  at  least,  articulated  by  a  hinge-joint,  and  not  by  ball  and 
socket,  with  the  humerus:  their  herbaceous  diet  will  require  teeth 
with  a  broad  surface  to  crush  seeds  and  herbs:  this  breadth  must  be 
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irregular^  and  for  this  reason  the  enamel  parts  most  alternate  with 
the  osseous  parts;  this  sort  of  surface  compelling  horizontal  motion 
or  grinding  the  food  to  pieces,  the  articulation  of  the  jaw  cannot  form 
a  hinge  so  close  as  in  carnivorous  animals;  it  must  be  flattened,  and 
correspond  with  the  facing  of  the  temporal  bones,  more  or  less  flat- 
tened; the  temporal  cavity,  which  will  only  contain  a  very  small 
muscle^  will  be  small  and  shallow." 

b.  Of  the  membranes  forming  the  coats  of  the  alimentary  caned. 

The  alimentary  canal  has  an  external  serous  investment  derived 
from  the  peritoneum,  a  muscular  coat  lying  under  the  serous  coat, 
and  a  tunica  propria,  which  forms  a  kind  of  fascia,  or  framework, 
on  the  outer  surface  of  which  the  muscular  fibres  lie,  while  to  its 
inner  surface  the  mucous  membrane  is  attached. 

The  structure  of  the  villi  of  the  small  intestine  has  been  already 
described,  and  their  relation  to  the  process  of  lacteal  absorption  dis- 
cussed.    (See  pages  271-2.) 

The  glands  cf  the  mucous  membrane  of  the  intestinal  canal 
remain  to  be  considered.  Three  forms  of  these  glands  have  been 
distinguished: — 

1.  The  follicles  of  Lieberkuhn — foramina,  or  depressions,  00 
small  as  not  to  be  visible  without  the  aid  of  a  glass,  which  are 
spread  over  the  whole  extent  of  the  mucous  membrane  of  the  small 
intestincy  and  are  in  such  number  that  when  sufficiently  magnified 
they  give  to  the  membrane  the  appearance  of  a  sieve.  (They  have 
been  already  described  at  page  272.)  To  the  same  class,  perhaps, 
belong  the  simple  tubular  follicles  described  by  Dr.  Boehm  {Dt 
Oland.  Intestin.  Struct.  Penit.  Berol.  1835,)  as  occupying  the 
whole  extent  of  the  mucous  membrane  of  the  large  intestine^  and 
represented  by  him  as  seen  in  a  section  of  the  membrane  to  be  ar- 
ranged perpendicularly  side  by  side,  their  csecal  bases  resting  on  the 
subjacent  vascular  membrane,  while  their  orifices,  which  are  so 
minute  as  to  be  scarcely  visible  without  the  aid  of  a  ghiss,  are  sepa- 
rated by  spaces  but  little  larger  than  the  openings  themselves.  There 
are  other  follicles  of  the  large  intestine  which  are  larger  and  much 
less  numerous,  and  which,  under  the  name  of  glandulae  solitaries, 
have  been  confounded  with  the  duodenal  glands  of  Brunner.  Their 
form  is  that  of  a  simple  round  cavity.  They  are  most  numerous  in 
the  caecum  and  appendix. 

The  mucous  membrane  of  the  stomach  has  a  structure  somewhat 
similar  to  that  described  by  Boehm,  as  belonging  to  the  large  intes- 
tine. It  has  been  made  the  subject  of  examination  by  Dr.  Sprott 
Boyd.*  He  describes  it  as  having  here  and  there  a  velvety  appear- 
ance, from  the  presence  of  minute  folds,  or  fold-like  villi,  but  as 
being  throughout  characterised  by  small  regular  cells,  the  diameter 
of  which  was  generally  from  ^j^^th  to  ^th  of  an  inch;  but  near  the 
pylorus  T77^h  of  an  inch.     In  the  bottom  of  the  cells  a  number  of 

*  Inaugural  Essay  on  the  stnictare  of  the  miicoaB  membrane  of  the  stomach,  by 
Sprott  Boyd.     Edinb.  1836. 
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minate  openings  were  visible;  and,  on  making  a  vertical  section  of 
the  membrane,  it  was  seen  to  be  composed  of  perpendicular  fibres, 
which  Dr.  Boyd  believes  to  be  tubes  opening  into  the  cells.  In  the 
pig  he  could  distinguish  the  cavity  of  the  tubes. 

The  fact  of  the  follicular  structure  of  the  mucous  membrane  of 
the  stomach  has  been  fully  confirmed  by  the  observations  of  Bischoff, 
[Mulkr^s  ^rchiv.  1838,  p.  503,)  and  Purkinje,  (Isis,  1838,  No.  7.) 
The  former  anatomist  found  that  the  follicles  most  frequently  were 
not  simple  tubuli,  but  had  towards  their  inferior  closed  extremity  a 
sacculated  or  racemose  structure;  while  Purkinje  directed  attention 
to  the  fact  that  the  walls  of  the  follicles  were,  like  the  secreting  canals 
of  glands,  formed  of  a  stratum  of  nucleated  granules,  and  that  the 
same  granules,  with  a  more  or  less  mucous  fluid,  constituted  the 
solvent  secretion  of  the  stomach. 

The  whole  surface  of  the  mucous  membrane  of  the  stomach  in  the 
pig,  as  stated  by  M.  Wasmann,  {De  digestione  nonnulla.  Diss.  Inaug. 
Berol.  1839,)  and  also  in  the  ox  and  human  subject,  is  in  the  inter- 
vals of  digestion  covered  with  cylinder  epithelium,  which  during 
digestion  seems  to  be  separated  and  to  become  mixed  with  the  secre- 
tion of  the  follicles.  While  the  process  of  digestion  is  going  on,  the 
secretion  on  the  surface  of  the  mucous  membrane  contains  the  nu- 
cleated globules  or  cellules  described  by  M.  Wasmann;  in  the  pig 
these  globules  appear  to  be  poured  out  only  by  the  cellular  organs 
of  the  middle  region  of  the  stomach;  but  their  formation  is  not  essen- 
tially dependent  on  the  cellular  structure  of  those  organs,  for  the 
translator  has  seen  the  same  globules  in  perfectly  simple  tubuli  of 
the  mucous  membrane  of  the  human  stomach;  and,  on  the  other 
hand,  he  has  twice  observed  the  cellular  organs  of  the  pig's  stomach 
invested  internally  with  cylinder  epithelium.  The  translator  is  in- 
clined to  believe  that  the  open  mouths  of  the  tubular  follicles,  ordi- 
narily described  as  being  visible  on  the  mucous  surface  of  the 
;8tomach,  exist  only  during  the  period  of  digestion.  For,  twice  in  the 
pig,  and  once  in  the  {luman  subject  and  ox,  when  the  stomach  had 
not  been  engaged  in  digestion  at  the  time  of  death,  he  has  seen  the 
follicles  terminate  at  the  surface  of  the  mucous  membrane  by  appa- 
rently closed  extremities,  which  in  some  instances  were  prominent, 
like  short  papillae.  Dr.  Boyd  mentions  such  papillse  as  being  some- 
times seen  in  the  rabbit  and  in  the  hedgehog,  and  states  his  belief 
that  those  seen  in  the  rabbit  are  of  a  tubular  structure.  The  repre- 
sentation which  Bischoff  gives  of  the  epithelium  of  the  dog's  stomach, 
shows  that  he  also  had  seen  the  extremities  of  the  tubuli  in  their 
closed  condition,  (a) 

(a)  Doctor  Homer,  of  the  Uniyersity  of  PennsyWania,  whose  patience  in  inret- 
ligiting  and  accaracy  in  describing  the  roinnte  structure  of  the  organs  are  so  well 
known,  has  pat  on  record  {Am,  Jour,  of  the  Med,  Scieneee^  tol.  xvi.)  the  result  of  his 
observations  on  the  structure  of  the  mucous  coat  of  the  alimentary  canal.  He  re- 
gards this  coat  as  composed  in  a  healthy  state  of  "  a  cribriform  intertexture*'  or 
noshes  of  reins,  while  the  arteries  enter  only  inconsiderably  into  their  composi- 
tion, to  an  amount  in  some  measure  comparable  to  the  presence  of  the  arteries  in 
other  erectile  tissues,  as  the  corpus  spongiosum  and  cavernosum  penis.  '*  If  the 
oorpas  spongiosum  were  in  fact  spread  out  into  a  thin  membrane,  so  as  to  line  a 
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2.  Brunner^s  glands — follicles  visible  to  the  naked  eye,  distributed 
singly  in  the  membrane,  and  most  numerous  in  the  upper  part  of  the 
small  intestines. 

Very  different  structures  have  been  confounded  under  the  name  of 

hoHow  TiscQS,  it  woald  present  no  very  exajrgerated  representation  of  what  I 
(says  Dr.  Horner)  haye  denominated  the  miptrficial  venout  layer  of  the  alimentaiy 
canal,  it  being  also  admitted  that  within  the  circuit  of  every  anastomosis  a  follicle 
was  formed.  Viewed  in  the  preparations  of  the  macous  membrane  of  the  small 
and  lar^  intestines  which  I  nave,  these  follicles  appear  like  pnncta  laohrymalia 
disseminated  by  thousands  over  every  square  inch,  and  existing  so  invariably 
upon  every  part,  that  as  I  have  stated,  the  smallest  calculation  of  their  naroban 
puts  them  at  from  forty  to  fifty  millions." 

The  meshes  of  the  first  or  superficial  venous  intertezture  are  exceedingly  minate 
and  vary  in  a  characteristic  manner  in  the  stomach,  small  intestines  and  colon. 
*'  Nothing  short  of  an  entirely  successful  injection  will  exhibit  this  venous  anasto- 
mosis, as  described;  and  it  may  be  seen  either  by  injecting  a  vein,  or  an  artery, 
provided  the  injection  passes  from  the  artery  into  the  veins;  but  the  latter  process 
IS  the  least  desirable,  because  we  lose  the  benefit  of  a  distinction  of  colour  between 
the  two  sets  of  vessels."  ' 

Doctor  Homer  has  demonstrated  the  existence  of  an  epidermis  in  the  alimentaiy 
canal,  from  the  cardiac  orifice  of  the  stomach  to  near  the  anus,  b^  the  followiog 
process: — '*  Tear  off  the  peritoneal  coat — invert  the  part  and  inflate  it  to  an  emphy- 
sematous condition,  the  epidermis  will  then  be  raised  as  a  very  thin  pellicle,  and 
ma^  be  dried  in  that  state;  but  as  this  pellicle  retains  the  air,  we  hence  infer  that 
it  lines  the  follicles,  and  is  uninterrupted  by  any  perforations.  This  epidermis,  if 
the  part  be  previously  injected  perfectly,  shows  dots  of  injecting  matter,  bat  no 
arborescence  if  it  be  inflated  up  from  the  veins.  In  so  doing  the  vilii  disappear,  are 
in  fact  unfolded. 

**The  villi  cannot  be  seen  to  any  advantage  except  they  be  erected  by  an  injec* 
tion,  in  which  case  those  of  the  upper  part  of  the  small  intestines  are  found  to  mn 
into  each  other  very  much  like  the  convolutions  of  the  cerebrum,  and  to  press  upoa 
each  other's  sides  in  the  same  way.  Some  of  them,  however,  are  merely  semi- 
oval  plates,  the  transverse  diameter  of  which  exceeds  the  length.  At  the  lower 
end  of  the  small  intestine  they  become  simply  conical  projections,  somewhat  curved, 
with  the  edges  bent  in,  and  they  retain  this  mechanism  until  they  entirely  disap* 
pear  near  the  ileo-ccBcal  valve.  In  the  whole  length  of  intestine  there  is,  however, 
every  variety  of  shape,  from  oblong  curved  and  serpentine  ridffes,  to  the  flattened 
cone  standing  on  its  base;  the  first  condition  changing  gradually  to  the  last  in  the 
descent  of  the  bowel.  Conformably  to  this  definition  of  villi,  none  exist  either 
in  the  stomach  or  colon,  for  there  we  have  only  the  venous  mesh.  The  villi  of  the 
jejunum  are  about  the  thirtieth  of  an  inch  high,  and  those  of  the  ileum  about  one- 
sixtieth." 

Doctor  Homer  believes  that  in  epidemic  cholera  the  epidermic  and  venous  lining 
of  the  alimentary  canal  is  exfoliated,  whereby  the  extremities  of  the  venous  system 
are  denuded  and  leA  patulous.  This  pathological  view  corresponds  with  the  physio- 
logical one  referred  to  in  the  text,  by  which  the  cylinder  epithelium  covering  the 
follicles  is  separated  and  becomes  mixed  with  the  secretion  of  these  latter  during 
digestion.    It  is  only  at  this  time  that  the  follicles  are  believed  to  be  open. 

In  the  stomach,  according  to  Dr.  Horner,  the  follicles  vary  very  much  in  siie, 
and  there  is  an  arrangement  whereby  many  of  the  smaller  ones  are  seen  to  open 
into  the  larger;  on  an  average  about  two  hundred  and  twenty-five  are  found  npoa 
every  eighth  of  an  inch  square,  which  would  give  of  course  to  an  inch  sqnare 
sixty-four  times  that  amount,  or  fourteen  thousand  four  hundred  follicles,  and  con- 
ceding the  whole  stomach  to  present  an  area  of  ninety  inches,  which  is  probably 
below  the  mark  when  this  organ  is  moderately  distended,  as  exhibited  in  the  pre- 
paration upon  which  this  calculation  is  founded,  the  entire  number  of  follicles  is 
one  million  two  hundred  and  ninety-six  thousand. 

Touch in&r  the  size  of  the  follicles,  we  leara  that  *'  in  the  stomach,  the  largest  of 
these  follicles  is  about  ^,th  of  an  inch  in  diameter,  and  the  smallest  about  «io^* 
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the  giands  of  Brunner.  Dr.  Boehm  has  pointed  out  that  the  bodies 
described  by  Brunner,  and  regarded  by  him  as  analogous  to  the  pan- 
creas* do  not  exist  lower  down  in  the  intestinal  canal  than  the  end  of 
ibe  daodenum,  or  commencement  of  the  jejunum.  They  are  little 
solid  glands  formed  of  several  minute  lobules,  lying  under  the  mucous 
membrane,  and,  by  their  great  number  near  the  pylorus,  constituting 
diere  a  continuous  layer  in  the  coats  of  the  intestine. 

3.  The  so-called  glandulae  agminatas,  or  glands  of  Pej/cr^ — whicli 
have  their  seat  along  that  side  of  the  intestine  which  is  op[)osite  to 
the  insertion  of  the  mesentery.  The  nature  of  these  thickened,  gene- 
nlly  OTal  patches  of  the  mucous  membrane,  has,  up  to  the  present 
iime,  been  quite  a  mystery.  The  following  account  of  them  is  the 
result  of  Dr.  Boebm's  researches,  and  I  may  remark  that  I  have 
Tcrified  his  observations.  For  the  examination  of  the  glands  of 
Peyer,  the  intestine  of  healthy  persons  must  be  selected;  tlie  intestine 
of  thoK  who  have  died  suddenly  is  therefore  to  be  preferred.  In 
many  chronic  diseases,  particularly  when  they  affect  the  intestinal 
canal  itself,  the  organs  in  question  become  very  much  altered;  aiid  if 
examined  in  that  state,  a  false  idea  of  their  structure  is  obtained. 
Whenever  they  present  the  appearance  of  shallow  cells  arranged 
side  by  side,  they  are  not  in  a  healthy  state,  for  their  form  has  natu- 
lally  no  analogy  with  that  of  open  cells  or  follicles.     If  one  of  tho 

Etches  of  Peyer's  glands  is  examined  with  the  niicrosco[)e  in  a 
althy  intestine,  after  the  surface  has  been  gently  washed,  and  tho 
gland  itself  cleansed  by  means  of  a  soft  camel's  hair  pencil,  it  is 
readily  seen  that  the  thicker  aspect  of  the  membrane  in  these  patches 
is  in  part  owing  to  the  size  and  number  of  the  villi,  which  are  hero 

Id  the  colon  the  largest  is  abont  745th  of  an  inch  in  diameter,  and  the  smallest 
about  i^eth.  In  the  small  intestines  their  size  Tarics  in  about  the  same  ratio  as 
in  the  colon,  bat  they  are  much  more  irregular  in  shape,  being  8caUi;ri'd  more  in 
groapa  in  consequence  of  the  villi  intervening;  some  of  them  penetrate  obliipiely 
towards  the  foondations  of  the  villi,  hence  when  examined  from  the  exterior,  their 
distribution  is  more  regular,  and  they  are  seen  lodged  in  the  cellular  coat  of  the 
gnu" 

Doctor  Horner  is  not  inclined  to  believe  in  the  secreting  function  of  the  follicles 
—he  argrues  as  follows: — **lf  they  are  simply  secernents  of  mucus,  the  number,  one 
would  think,  is  much  greater  than  so  limited  a  secretion  requires — moreover,  why 
iilt  that  they  become  smaller  and  less  numerous  towards  the  lower  end  of  the  large 
intestine,  where  greater  lubrication  is  required  for  hardened  feces;  in  addition,  are 
not  the  glands  of  Brunner,  (solitariK,)  and  of  Peyer,  TagminatB,)  amply  sufficient 
to  furnish  the  required  mucus?  Again,  after  most  sedulous  observations  upon  the 
Tjlli  of  all  kinds,  finely  erected  by  my  injections,  and  placed  under  most  accurate, 
tiinple,and  componnd  microscopes,  1  find  invariably  a  polished  reflecting  surface, 
aninterrupted  by  foramina,  either  at  their  ends  or  sides,  while  many  of  these  fol- 
licles are  found  passing  obliquely  into  their  bases.  An  excellent  WooUaston^s 
doublet,  which  makes  the  villi  of  the  ileum  appear  an  inch  long,  exhibits  them 
with  a  polished  translucent  surface,  without  foramina,  except  where  a  villus  from 
accident  has  been  broken,  a  contingency  readily  recognised  by  one  in  the  habit  of 
Tiewing  them.  Finally,  if  the  lacteal  foramina  of  Lieberkuhn  and  others,  do  exist 
in  faet,  why  is  it  that  the  raising  of  the  intestinal  epidermis  by  inflation  does  not 
exhibit  these  foramina  by  the  air  escaping  through  them,  but  on  the  contrary,  ad- 
mits of  a  dried  preparation  in  that  state,  the  villi  being  completely  effaced?*' 

Compare  these  Tiews  with  those  cited  in  the  text  on  the  structure  of  the  villi  of 
the  intestines,  p.  S71-S. 
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broader  than  in  other  parts,  particolarly  at  their  root.  The  mncoos 
membrane  between  the  villi  presents  here,  as  in  other  parts  of  the 
intestine,  the  numerous  follicles  of  LieberkQhn;  but  in  addition  to 
these  there  are  seen  circular  white  spots,  abont  one  line  in  diameter, 
in  which  the  mucous  membrane  is  generally  free  from  villi;  on  ver7 
few  there  are  traces  of  very  short  villi.  In  the  human  subject  these 
spots  are  only  slightly  raised;  it  is  very  seldom  that  the  centre  of  the 
spot  forms  a  short  pyramidal  white  point.  In  other  animals,  par- 
ticularly in  the  dog,  cat,  and  rabbit,  they  are  more  elevated,  and  in 
the  dog  look  like  white  papillae;  in  the  cat  and  rabbit  they  are  snr- 
round^  by  a  circular  furrow,  and  have  a  flattened  surface,  so  as.  to 
resemble  the  papillae  vallatae  of  the  tongue.  Each  of  these  white 
spots,  of  which  several  are  contained  in  a  patch  of  the  glands  of 
Peyer,  is  surrounded  by  a  zone  of  openings  like  those  of  Lieber- 
kflhn's  follicles,  except  that  they  are  more  elongated;  and  the  direc* 
tion  of  the  long  diameter  of  each  opening  is  such  that  the  whole 
produce  a  radiated  appearance  around  the  white  spot.  The  number 
of  openings  in  each  zone  is  about  ten,  and  they  are  generally  arranged' 
in  a  circular  manner.  No  opening  is  visible  in  the  surface  of  tlie 
white  spot,  except  in  birds;  in  them  there  is  a  small  opening.  (In 
my  work  on  the  glands,  I  mentioned  and  gave  a  representation  of 
the  appearance  of  Peyer's  glands,  which  we  have  here  described 
after  Boelim;  but  which  I  had  noticed  only  in  the  cat)  Dr.  Boehm 
tried  in  vain,  both  in  the  human  subject  and  other  animals,  to  express 
any  secretion  from  the  white  bodies  through  an  external  opening,  as 
he  would  have  been  able  to  have  done  if  they  had  been  follicles;  nor 
did  pressure  force  the  contents  of  the  white  bodies  out  through  the 
openings  which  form  a  zone  around  each  of  them.  On  rupturing 
the  surface  of  one  of  the  bodies,  a  cavity  is  opened  which  corre- 
sponds in  extent  to  that  of  the  white  spot  previously  seen,  and  is  of 
considerable  depth,  thongh  less  deep  than  broad.  The  contents  of 
the  cavity  are  a  greyish-white  mucous  matter,  containing  granules 
smaller  than  the  ordinary  particles  of  mucus.  The  membrane  which 
covers  in  the  cavity  is  extremely  thin.  It  appears,  then,  that  there 
are  no  large  follicles  with  open  mouths  or  cells  in  the  patches  of  the 
so-called  "Peyer^s  gland,'*  but  merely  sacculi,  of  which  the  nature 
is  unknown.  The  appearance  of  cells  or  follicles  is  not  produced 
until  the  delicate  membrane  which  shuts  in  these  sacs  is  destroyedi, 
as  so  frequently  happens  in  disease  of  these  organs.  The  solitary 
glands  of  the  lower  part  of  the  small  intestines,  which  have  been 
confounded  with  the  glands  of  Brunner,  are,  according  to  Boebniy 
single  sacculi,  similar  to  those  which,  when  aggregated^  form  the 
patches  of  Peyer.  They  are  surrounded  with  a  zone  of  openings, 
contain  a  white  matter,  and  become  diseased,  in  the  same  cases  as 
the  aggregated  sacculi,  but  difier  from  them  in  being  beset  with 
villi. 

The  third  toat  of  the  digestive  organs  is  formed  by  the  contractile, 
fibrous,  or  muscular  layer  which  is  continued  from  the  pharynx  to 
the  anus,  and  sends  prolongations  on  the  efferent  ducts  of  the  glands 
which  open  into  the  canaL 
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^  The  serous  or  peritoneal  coat  belongs  only  to  that  part  of  the  canal 
which  lies  within  the  abdominal  cavity.  The  intestinal  tube,  as  well 
as  the  liver  and  spleen,  is  thrust,  as  it  were,  into  the  peritoneal  sac, 
carrying  before  it  a  part  of  the  membrane,  which,  after  investing  it, 
forms  at  its  posterior  border  a  double  suspensory  band  or  mesentery. 
Nearly  the  whole  of  the  intestinal  canal,  with  the  exception  of  the 
duodenum,  has  a  mesentery,  or  band  of  this  kind.    I  have  elsewhere 

Einted  out,*  that  in  the  earliest  stage  of  embryonic  life  the  stomach 
iewise  has  a  distinct  suspensory  band  (a  mesogastrium),  which  at  a 
later  period  undergoes  a  remarkable  change,  being  converted  into  a 
sac,  the  great  omentum.  It  is  not  till  the  third  or  fourth  month  of 
foBtal  life  that  the  great  omentum  and  transverse  mesocolon  become 
continuous.  In  many  Mammalia, — as  the  dog,  cat,  hedgehog,  rabbit, 
and  horse, — there  is  no  connection  between  the  stomach  and  colon, 
the  great  omentum  or  mesogastrium  in  them  passing  backwards  to 
be  attached  to  the  vertebral  column  without  being  connected  with  the 
mescolon,  which  arises  from  the  vertebral  column  quite  separately: 
and  the  same  is  the  condition  in  the  human  embryo  in  the  earlier 
stages  of  foetal  life. 

The  omentum  can  perform  no  very  important  part  in  the  function 
of  the  digestive  oi^ns,  since  in  many  animals  it  has  not  the  same 
anatomical  connections,  and  is  represented  merely  by  a  loose  band 
extending  from  the  stomach. 


CHAPTER  III. 

or  THB  MOVEMENTS  or  THE   ALIMSNTAR7  CANAL. 

The  muscular  coat  of  the  alimentary  tube  is  one  of  that  series  of 
contractile  organs,  of  which  the  motion  is  involuntary  and  dependent 
on  the  sympathetic  nerve.  The  cerebro-spinal  nervous  system  has 
bat  a  limited  influence  over  it;  but  this  influence  is  evidenced  by 
manifold  sympathies  which  exist  between  the  digestive  apparatus 
and  the  brain  and  spinal  marrow. 

The  commencement  and  termination  only  of  the  canal  have 
mnsdes  which  are  subject  to  cerebro-spinal  nerves  and  the  will;  such 
as  the  muscles  of  the  mouth,  and  the  muscles  moving  the  lower  jaw 
and  pharynx,  for  mastication  and  in  part  deglutition,  on  the  one 
hand,  and  the  muscles  about  the  anus,  for  exoneration  on  the  other. 

I  consider  it  unnecessary  to  explain  the  movements  of  sucking,  of 
the  prehension  of  food,  and  of  mastication.  {On  these  movemeniSj 
see  TreviranuSf  Biohgie^  t.  iv.  311.)  The  internal  causes  of  such 
instinctive  motions  as  the  sucking  of  new'bom  children  must  remain 
enigmatical.  It  is  difficult  in  this  case  to  remain  satisfied  with 
CuvieFs  theory  of  **  instinct;''  viz.  that  animals  still  so  young  are 

*  Meckers  ArchiT.  1830,  page  395. 
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impelled  to  these  actions  by  a  dream  of  images,  which,  independ- 
ently of  their  will,  is  being  constantly  called  up  in  their  brain,— -tyy 
an  innate  idea,  as  it  were,  which  arises  out  of  their  organisation  or 
their  necessities,  just  as  the  equation  of  a  curve  involves  in  it  all  the 
properties  of  a  curve.  We  may,  however,  for  the  present,  content 
ourselves  with  supposing  that  in  the  sensorium  of  the  in&nt  there 
exists  an  irresistible  impulse  to  the  performance,  when  possible,  of 
the  motions  of  sucking;  and  in  accordance  with  this  we  find  that  in- 
fants, sometimes  immediately  after  birth,  suck  even  their  own  fingers: 
and  Mayer  has  observed  that  after  the  head  of  young  animals  has 
been  separated  from  the  trunk,  a  finger  introduced  between  the  lips 
is  seized.  Further  observations  on  the  nature  of  these  movemente 
in  new-born  infants  will  be  found  in  a  subsequent  part  of  the  work. 

We  shall  now  treat  more  at  length  of  the  movements  of  d^la- 
tition,  of  the  movements  of  the  stomach — rumination,  vomiting,  and 
eructation — of  the  movements  of  the  intestines,  and  of  the  expulsion 
of  the  fasces. 

1.  Deglutition. — In  deglutition  there  are  three  acts:  in  the  first, 
the  parts  of  the  food  collected  to  a  morsel  glide  between  the  surfiuse 
of  the  tongue  and  the  palatine  arch  till  they  have  passed  the  anterior 
arch  of  the  fauces;  in  the  second  act,  the  morsel  is  carried  past  the 
constrictors  of  the  pharynx;  and  in  the  third,  it  reaches  the  stomach 
through  the  oesophagus.  These  three  acts  follow  each  other  with 
extreme  rapidity;  the  first  is  performed  voluntarily  by  the  muscles 
of  the  tongue,  under  the  influence  of  the  hypoglossal  and  glosso- 
pharyngeal nerves.  The  second  also  is  effected  with  the  aid  of 
muscles  which  are  in  part  endued  with  voluntary  motion,  such  as  the 
superior  and  inferior  muscles  of  the  soft  palate;  but  it  is  nevertheless 
an  involuntary  act,  for  it  takes  place  without  our  being  able  to  pre- 
vent it,  as  soon  as  a  morsel  of  food,  drink,  or  saliva  is  carried  back- 
wards to  a  certain  point  of  the  tongue's  surface.  The  third  act  is 
executed,  independently  of  the  will,  by  muscles,  of  which  the  con- 
tractions are  always  involuntary.* 

The  third  act  of  deglutition  is  perfectly  involuntary,  being  per- 
formed by  the  muscular  fibres  of  the  oesophagus,  which  are  not  in 
the  slightest  degree  capable  of  voluntary  motion.  The  muscles 
which  perform  the  second  act,  viz.  the  muscles  of  the  tongue  and 
pharynx,  are,  on  the  contrary,  capable  of  executing  voluntary  move- 
ments; and  indeed,  if  the  fauces  are  moist,  although  there  be  no 
morsel  to  swallow,  deglutition  can  be  performed  voluntarily,  although 
not  many  times  in  succession.  A  part  of  the  movements  of  the  second 
act  of  deglutition,  as  the  approximation  of  the  sides  of  the  posterior 
palatine  arch,  may  also  be  performed  voluntarily,  without  the  whole 
process  of  deglutition  necessarily  following.  By  means  of  a  mirror 
we  may  convince  ourselves  that  we  have  some  voluntary  influence 
over  the  muscles  of  the  fauces  and  pharynx,  independently  of  de- 
glutition. But  if  several  of  these  movements,  for  instance,  that  of 
the  tongue  and  that  of  the  posterior  palatine  arch,  are  excited,  either 

*  See  Dzondi,  Die  FoDCtionen  des  weichen  GanmeDS,  Halle,  1831. 
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voluntarily  or  by  the  contact  of  a  stimulus,  the  action  of  the  whole 
group  of  muscles  belonging  to  deglutition,  with  the  constrictors  of 
the  pharynx  also,  ensues,  and  any  portion  of  food,  drink,  or  saliva, 
which  has  passed  beyond  a  certain  limit  in  the  mouth,  is  swallowed 
without  our  being  able  to  prevent  it 

It  appears  certain  that  both  the  second  and  the  third  acts  of  deglu* 
tition  are,  as  Dr.  Marshall  Hall  {Mem.  on  the  Nervous  Systemj  p. 
83,)  pointed  out,  always  excited  or  reflex  movements,  and  that  when 
they  seem  to  be  performed  voluntarily,  although  there  is  no  food  to 
swallow,  saliva  constitutes  the  necessary  stimulus.  According  to 
this  view,  it  is  easy  to  understand  why,  if  there  is  no  food  in  the 
mouth,  the  fauces  must  be  moist,  and  also  why  the  movement  cannot 
under  these  circumstances  be  repeated  many  times  in  succession. 
The  nerves  which  convey  to  the  medulla  oblongata  the  impression 
which  excites-  the  movements  of  deglutition,  are,  according  to  Dr. 
Reid,  (Ed.  Med.  fy  Surg.  Journ.  vol.  li.  p.  273,)  the  glosso-pliaryn- 
geal,  those  branches  of  the  fifth  which  are  distributed  to  the  fauces, 
and  probably  those  branches  of  the  superior  laryngeal  nerve  which 
reach  the  pharynx;  while  the  motor  influence  transmitted  from  the 
medulla  is  conveyed  by  the  pharyngeal  branches  of  the  vagus;  by 
Che  branches  of  the  hypo-glossal  nerve,  distributed  to  the  tongue, 
thyro-hyoid,  sterno-hyoid,  and  sterno-thyroid  muscles;  by  the  motor 
filaments  of  the  recurrents  ramifying  in  the  muscles  of  the  larynx; 
by  some  branches  of  the  fifth  supplying  the  elevator  muscles  of  the 
lower  jaw;  by  the  branches  of  the  portio  dura  which  ramify  in  the 
digastric  and  stylohyoid  muscles  and  muscles  of  the  lower  part  of 
the  face;  and  probably  by  some  branches  of  the  cervical  plexus 
which  unite  with  the  descendens  noni;  all  the  muscles  supplied  by 
the  nerves  here  enumerated  being  engaged  in  the  function  of  deglu- 
tition. Dr.  Reid's  experiments  {Ibid.  vol.  xlix.  p.  150;  vol.  li.  p.  274 
and  329,)  lead  him  to  believe  that  both  the  incident  and  reflex  motor 
nervous  action  are  in  the  cesophagus  conveyed  by  filaments  of  the 
vagus  nerve,  at  least  in  the  rabbit.* 

In  the  true  serpeniSy  in  which  the  superior  maxillary  bones  can 
be  in  some  measure  separated  from  each  other  like  the  two  halves 
of  the  inferior  maxilla,  and  in  which,  by  means  of  the  long  ossa 
quadrata  extending  from  the  movable  temporal  bones  to  the  lower 
jaw,  the  throat  is  capable  of  great  dilatation,  the  act  of  swallowing 
consists,  as  Rudolphi  aptly  remarked,  in  the  organs  of  deglutition 
being  drawn  over  the  bulky  prey. 

Influence  of  the  epiglottis  in  deglutition. — M.  Magendie*  has 
confirmed  the  observation  made  originally  by  Galen  that  the  rima 
glottidis  itself  is  closed  during  deglutition,  fiut  he  has  gone  too  far 
in  admitting  that  removal  of  the  epiglottis  does  not  prevent  degluti- 
tion being  performed.  Even  allowing  this  conclusion,  which  M. 
Magendie  has  deduced  from  experiments  on  animals,  to  be  correct, 
it  is  equally  certain,  as  the  numerous  records  of  cases  in  which  the 

*  For  fbrther  information  respecting  the  functions  of  the  ragns  nerves,  see  the 
Foarth  Book,  3d  Section,  Chap.  II. 

*  Memoires  sor  I'Qsage  de  rEpiglotta  dans  la  Deglatition.    Paris,  1813. 
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epiglottis  bad  been  lost  by  ulceration,  and  Reicbel's  experiments  (De 
U9U  epigtoiiidis.  BeroL  18 16,)  show,  that  the  moyements  of  denti- 
tion are  thereby  impeded.* 

In  cetaceous  animals,  the  upper  portion  of  the  larynx,  which  in 
these  animals  is  bill-shaped,  is  drawn  up  towards  the  nasal  cavities 
during  swallowing;  and  the  food,  pressed  backwards  by  the  tongney 
passes  by  its  sides  into  the  pharynx.  No  animals  except  Manmudia 
tiave  a  velum  patati,  or,  with  few  exceptions,  an  epiglottis. 

2.  Movements  of  the  cMophagua. — M.  Magendie  has  observed 
the  singular  fact  of  the  occurrence  of  rhythmic  contractions  of  the 
lower  part  of  the  oesophagus  independently  of  deglutition.  I  have 
myself  since  seen  these  contractions;  they  proceed  downwards  with 
great  rapidity  towards  the  cardiac  orifice  of  the  stomach,  and  con- 
tinue about  thirty  seconds;  according  to  M.  Magendie,  their  duration 
IB  longer  in  proportion  to  the  fulness  of  the  stomach  at  the  time,  being 
sometimes  as  much  as  ten  minutes.  The  contraction,  according  to 
my  observation,  passes  gradually  into  a  state  of  relaxation,  which  is 
again  succeeded  by  contraction.  While  the  ossophagus  was  con- 
tracted, M.  Magendie  was  unable  to  force  any  of  the  contents  of  the 
stomach  into  it;  but,  during  its  relaxed  state,  fluids  escaped  Into  the 
oesophagus  from  the  stomach  by  the  force  of  gravity  alone,  and  were 
either  expelled  by  the  mouth, — which,  however,  happened  rarely k — 
or,  which  was  usually  the  case,  were  repelled  into  the  stomach  by 
the  renewed  contraction  of  the  oesophagus.  It  is  evident,  therefore, 
that  the  cardiac  orifice  cannot  be  regarded  as  at  all  times  strongly 
closed.  It  is  probable  that  the  relaxation  of  the  oesophagus  is  more 
frequent  in  dyspepsia,  and,  if  so,  it  will  be  easy  to  explain  the  occur- 
rence of  eructation — the  rising  of  air  and  food  into  the  mouth — in 
persons  labouring  under  it,  whether  we  attribute  the  escape  of  the 
ingesta  from  the  stomach  to  contractions  of  that  viscus  at  the 
moment  of  the  relaxation  of  the  oesophagus,  or  to  diminution  of  the 
capacity  of  the  abdominal  cavity  consequent  on  the  contraction  of 
the  diaphragm. 

The  experiments  of  Magendie,  Legallois,  and  Beclard,  have  de- 
monstrated that  in  the  act  of  vomiting  the  oesophagus  performs  an 
anti-peristaltic  motion,  the  reverse  of  that  which  it  executes  in  de- 
glutition. When  vomiting  had  been  produced  by  the  injection  of 
tartar  emetic  into  the  veins,  the  anti-peristaltic  motions  of  the  oeso- 
phagus still  continued,  even  though  it  had  been  separated  from  the 
stomach.  {Lund,  lac,  cit.  p.  15.) 

3.  Movements  of  the  stomach  during  digestion. — The  contrac- 
tions of  the  strong  muscular  gizzard  of  the  granivorous  birds  must 
be  very  forcible,  and  the  stomach  of  many  Crustacea,  and  of  orthop- 
terous  insects,  has  certainly  a  mechanical  action;  but  the  motions  of 
the  membranous  stomach  of  other  animals  and  man  appear  to  be,  in 
the  healthy  state,  very  feeble.  When  we  open  animals  still  living, 
we  always  observe,  it  is  true,  that  the  stomach  embraces  tightly  its 

*  On  this  sabject,  consalt  Rudolphi's  Phjsiologie,  ii.  378;  and  Land,  ViTiseo- 
tionem;  Copenhagen,  1825,  p.  9. 
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ooDtentSy  but  yet  it  presents  a  most  striking  contrast  to  the  incessant 
peristaltic  motions  of  the  intestines,  which  are  especially  active  under 
the  stimulus  of  the  air. 

Tiedemann  and  Gmelin  state  that  they  have  excited  contractions 
of  the  stomach  by  mechanical  irritation  of  the  nervus  vagus;  but 
neither  irritation  of  the  nervus  vagus  in  rabbits,  dogs,  and  carnivo- 
rous birds,  nor  irritation  of  the  coeliac  ganglion  in  the  rabbit,  has  in 
my  experiments  appeared  to  exert  the  slightest  influence  on  the 
stomach.  The  irritation  must  be  applied  to  the  stomach  itself,  and 
it  then  produces  immediate  contraction. 

In  Dr.  Reid's  experiments*  it  frequently  happened  that  muscular 
contractions  of  the  oesophagus  induced  by  irritating  the  nervus  vagus 
in  the  neck,  extended  over  the  cardiac  extremity  of  the  stomach; 
where,  however,  they  were  evidently  slower,  and  more  prolonged  and 
vermicular  than  in  the  oesophagus.  Dr.  Reid  is  himself  doubtful 
whether  these  movements  of  the  stomach  depend  on  the  direct  in- 
fluence of  motor  fibres  of  the  vagus. 

It  is  evident,  therefore,  that  those  writers  must  greatly  err,  who 
ascribe  much  importance  to  the  motions  of  the  stomach  in  effecting 
the  division  of  the  food.  I  have  never  seen  the  peristaltic  motions  of 
the  stomach  distinctly;  and  shall  therefore  give  M.  Magendie's  de* 
amption  of  them.t 

The  stomach  in  the  first  period  of  digestion  is  uniformly  distended, 
bnt  the  whole  extent  of  the  pyloric  portion  afterwards  contracts;  the 
chyme  into  which  the  food  is  converted  collects  in  the  pyloric  por- 
tion, while  the  portion  of  food  which  has  been  less  acted  on,  remains 
in  the  splenic  extremity  of  the  stomach.  The  peristaltic  motions, 
which  are  stated  by  M.  Magendie  to  cotitinue  even  after  the  nervi 
vagi  have  been  divided,  are  described  as  follows: — After  the  stomach 
has  been  for  some  time  motionless,  the  gastric  end  of  the  duodenum 
contracts,  then  the  pylorus,  and  the  pyloric  portion  of  the  stomach, 
by  which  means  the  chyme  is  pressed  towards  the  splenic  portion. 
But  the  pyloric  portion  having  become  relaxed  so  as  to  permit  the 
diyme  to  enter  it  again,  now  contracts  from  left  to  right,  impelling 
the  chyme  towards  the  duodenum,  and  as  much  of  the  food  as  has 
undergone  the  necessary  solution  in  the  stomach  passes  through  the 
pylorus  into  the  intestines.  These  motions  are  repeated  several 
times,  then  cease,  to  be  renewed  after  a  certain  interval.  While  the 
stomach  is  full,  the  motions  are  limited  to  the  region  of  the  pylorus; 
but,  in  proportion  as  it  empties  itself,  the  motions  become  more  ex- 
tended, and,  when  the  organ  is  nearly  empty,  they  are  seen  even  in 
the  splenic  region. 

Schukz  {De  Mimentorum  Concoctione.  Berol.  1834,)  imagines 
that  where  the  stomach  has  a  dilated  fundus,  as  in  the  rabbit  and 
horse,  its  motions  are  such  as  to  cause  the  food  to  perform  a  circular 

^  *  EdiD.  Med.  and  Sorg.  Jounial,  vol.  li.  p.  308;  and  the  American  repablica- 
tion,  in  yolame  fonn. 

t  Prec.  eltoent.  de  Phjsiol.  2d  edit.  t.  li.  p.  87.  Dr.  Milligan's  Translation, 
4th  edit.  p.  286. 

30* 


354  MOYEMENTS  OV  THE  STOMACH  DURIVO  DIOBSTION. 

movement  along  the  two  curvatures;  while  in  the  camivora,  in  which 
the  fundus  or  splenic  extremity  is  less  dilated,  the  food  is  thrown 
backwards  and  forwards  to  and  from  the  pylorus;  and  hence  it  iSy 
he  supposes,  that  the  former  animals  vomit  with  difficulty,  the  latter 
more  readily. 

The  motions  of  the  stomach  have  been  observed  by  Dr.  Beaumont 
in  a  man  who,  in  consequence  of  a  gun-shot  wound,  had  a  consider- 
able opening  in  the  stomach,  the  margins  of  which  had  united  with 
the  borders  of  a  wound  in  the  abdominal  parietes.* 

He  found  that,  when  the  digestion  was  not  going  on,  the  stomach 
was  contracted;  that  the  food,  as  soon  as  it  entered  the  stomach,  was 
moved  from  the  fundus  along  the  great  curvature  from  left  to  right, 
and  then  along  the  lesser  curvature  from  right  to  left.  He  perceived 
the  effect  of  the  same  motions  in  the.  changes  of  position  which  the 
bulb  of  a  thermometer  introduced  into  the  stomach  underwent. 
These  circular  motions  occupied  from  one  to  three  minutes.  They 
increased  in  rapidity  as  the  process  of  chymification  advanced. 

Dr.  Beaumont  observed,  likewise,  that  the  beginning  of  the  conical 
part  of  the  stomach,  about  three  inches  from  the  small  extremity, 
was  the  seat  of  peculiar  contractions  and  relaxations.  The  bulb  of  the 
thermometer,  when  placed  at  that  point,  was  tightly  embraced  from 
time  to  time,  and  retracted  towards  the  pylorus  for  a  distance  of  three 
or  four  inches. 

During  the  first  period  of  digestion  the  pyloric  orifice  seems  to  be 
quite  closed.  Its  contraction  is,  according  to  Wepfer,  and  Tiedemaon 
and  Umelin,  sometimes  so  strong,  that,  even  when  the  stomach  is 
separated  from  the  intestines,  none  of  its  contents  escape.  Mr.  Aber- 
nethy,  too,  states  that  in  the  human  subject  fluids  do  not  at  first  pass 
at  all  readily  through  the  pylorus;  for  in  the  case  of  a  person  who 
had  been  poisoned  with  opium,  and  into  whose  stomach  a  large 
quantity  of  fluid  had  been  injected  during  life,  all  the  fluid  was  found 
to  be  still  retained  in  the  stomach  after  death.  M.  Magendie  believes 
that  the  greater  part  of  the  fluid  taken  into  the  stomach  is  absorbed 
directly  from  it;  nevertheless  he  remarks  that  in  the  horse  the  water 
taken  into  the  stomach  passes  quickly  through  the  pylorus,  and  so 
finds  its  way  as  far  as  the  capacious  caecum,  and  that  even  the  solid 
food  escapes  in  part  through  the  pylorus.  Mr.  Coleman  gave  a  horse 
to  drink,  and  after  the  lapse  of  six  minutes  the  water  was  found  to 
have  passed  through  the  pylorus  and  small  intestines,  even  as  far  as 
the  caecum.  {Mernethy^s  Physiological  Lecturesj  180.) 

Towards  the  termination  of  the  digestive  process  the  pylorus 
seems  to  ofiier  a  more  feeble  resistance  to  the  passage  of  substances 
from  the  stomach,  for  it  is  known  to  allow  the  transit  even  of  undi* 
gested  substances,  such  as  cherry-stones,  and  other  larger  bodies. 
The  central  constriction  of  which  the  stomach  was  by  Sir  E.  Home 
imagined  to  be  the  seat  during  digestion,  has  never  been  actually 

*  ExperimeDts  and  Obserrations  on  the  Gastric  Juice,  and  the  Physiology  of 
Digestion,  by  W.  Beaumont.  Boston,  U.  S.  1834.  Reprinted  with  notes  by  Dr. 
A.  Combe.    Edinburgh,  1838.    See  also  Dr.  Dunglison's  Physiology. 
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^bsenrecL    Neither  Tiedemann  nor  I  have  seen  anything  of  the  kind 
indc^. 

4.  Rumination. — In  ruminating  animals  the  oesophagus  opens 
immediately  into  the  first  and  second  stomachs,  but  is  continued 
onwards  to  the  third  stomach  in  the  form  of  a  groove,  or  half  canal, 
with  thick  lips.  It  appears  from  the  observations  of  Flourens  {Revue 
EncyehpMiqxu;  Paris,  Nov.  1831,  p.  542,)  on  the  sheep,  that  the 
food,  whether  it  consists  of  grass,  oats,  or  turnips,  passes  at  once  into 
the  first  and  second  stomachs  simultaneously.  A  finely  divided  sub- 
stance— as  a  mash  of  chewed  turnips — was  given  to  a  sheep,  and  it 
*wa8  found  to  pass  into  the  first  and  second  stomach  while  a  small 
portion  reached  the  third.  The  food,  softened  by  the  action  of  the 
saliva,  and  the  secretions  of  the  first  and  second  stomachs,  is  re- 
turned from  them,  by  a  movement  like  that  of  eructation,  to  the 
mouth,  and,  after  being  a  second  time  chewed,  is  again  swallowed. 
IVitb  the  view  of  discovering  what  takes  place  in  this  second  degluti- 
tion, Flourens  made  into  the  dilSferent  stomachs  in  dilSerent  animals 
artificial  openings,  which  he  could  close  when  he  did  not  wish  to 
observe  what  was  going  forward  within.  By  this  procedure  he 
found  that,  when  the  food  is  swallowed  the  second  time,  a  part  of  it 
still  passes  into  the  paunch  and  reticulum,  but  that  a  large  portion 
follows  the  oesophageal  groove  or  canal  into  the  third  stomach.* 
Flourens  offers  the  following  explanation  of  the  difierent  course  taken 
by  the  food  before  and  after  rumination: — When  first  swallowed, 
the  morsels,  he  says,  are  large;  and  dilate  the  oesophagus  so  as  to 
diminish  the  groove  leading  from  it  to  the  third  stomach,  and  there- 
fore necessarily  enter  the  paunch.  After  rumination,  however,  the 
food  is  soft;  and,  without  dilating  the  oesophagus,  follows  the  groove 
which  leads  to  the  third  stomach,  although  a  small  portion  may  still 
enter  the  first  If  the  rhythmic  contractions  of  the  lower  part  of  the 
oesophagus  during  digestion,  observed  by  M.  Magendie  and  myself  in 
other  animals,  take  place  likewise  in  ruminants,  they  would  cause 
the  lips  of  the  groove  leading  to  the  third  stomach  to  meet  so  as  to 
form  an  entire  canal,  through  which  food  finely  divided  by  rumina- 
tion would  pass,  though  the  large  morsels  of  food,  when  first  swal- 
lowed, would  dilate  it.t 

With  respect  to  vomiting  in  the  Ruminantia,  M.  Flourens  found 
that,  while  the  first  two  stomachs  have  the  power  of  returning  the 
food  to  the  mouth  for  rumination,  the  fourth  stomach,  by  which  the 
act  of  vomiting  is  performed,  is  with  very  great  difiiculty  excited  to 
execute  the  necessary  movement,  j: 

5.  Vomiting. — Vomiting  is  an  anti-peristaltic  motion  of  the  sto- 

*  Aooordinff  to  M.  Haabner  f  Ueber  die  MagenTerdanaDff  der  Wiederkader  naeh 
Venoohen,  1  §37-8,  and  Mullers  ArehiT,  1838,  p.  cIztI.)  the  food  after  raminatioii 
again  enters  the  first  atomach  and  is  by  it  tranaierred  in  aQcceasiTe  portions  to  the 
thini  stomach.  The  main  facts  relative  to  the  course  taken  by  the  food  in  mmi- 
nating  animals,  are  described  by  Hanbner  nearly  in  the  same  manner  as  by 
Flourens. 

I  See  also  Berthold,  Beitrage  znr  Anat.  Zoot  n.  Physiol.  Gott.  1831. 
See  the  paper  of  M.  Flourens  in  the  Ann.  des  So.  Nat.  t  Tiii.  p.  50. 
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mach  and  (Bsophagus,  and  sometimes  of  a  part  of  the  intestines  like> 
wi^,  attended  with  nausea,  and  accompanied  by  violent  contractions 
of  the  abdominal  muscles  and  diaphragm;  it  is  excited  by  any  violent 
irritation  acting  either  immediately  upon  the  pharynx,  oeeophagui^ 
stomachy  or  intestine,  or  upon  the  nerves  going  to  them;  and  it  takes 
place  also  when  sul»tances  capable  of  irritating  the  organs  which 
we  have  named  are  introduced  into  the  circulation  from  other  parts 
of  the  system.  Thus,  vomiting  is  excited  by  mechanical  irritation 
of  the  pharynx  by  means  of  a  feather  or  the  finger,  or  even  by  a 
morsel  of  food  retained  too  long  at  that  part;  by  all  substances  which 
irritate  the  stomach  either  mechanically  or  chemically;  by  inflamnm- 
tion  of  the  stomach  or  intestinal  canal;  by  the  strangulation  of  a  her* 
nia,  or  intus-susception  of  a  portion  of  intestine;  by  irritation  of  the 
brain,  or  interruption  of  the  cerebral  influence  in  consequence  of 
division  or  ligature  of  the  vagi  nerves;  sometimes  even  by  the  move* 
ments  accompanying  coughing;  and,  lastly,  by  injuries  to  the  head, 
and  the  injection  of  tartar  emetic  into  the  veins.  All  substances 
which,  when  their  action  is  moderate,  promote  the  peristaltic  motions 
of  the  irritated  parts,  by  a  more  violent  operation  cause  these  motions 
to  become  reversed,  and  by  nervous  sympathy  excite  other  parts  not 
previously  acted  on  to  concur  in  the  production  of  vomiting.  The 
state  of  the  posterior  palatine  arch  is  stated  by  Dzondi  to  be  the 
same  during  vomiting  as  in  deglutition,  with  the  exception  that  the 
inclined  plane  formed  by  the  approximation  of  the  sides  of  the  arch 
to  each  other  is  more  raised,  and  that  the  uvula  is  shortened  by  the 
action  of  its  muscles.  This  arrangement  of  the  parts  directs  the 
matters  vomited  into  the  mouth,  and  prevents  their  entering  the 
nostrils;  although,  on  account  of  the  sides  of  the  posterior  arches^ 
even  when  drawn  together,  not  meeting  accuratelv  at  the  lower 
part,  a  passage  is  left  from  the  pharynx  to  the  posterior  nares,  and 
matters  vomited  are  therefore  sometimes  throwQ  into  the  latter 
cavities.  Carnivorous  animals  vomit  readily,  the  horse  with  great 
difficulty. 

•dciion  of  the  stomach  in  vomiting. — The  opinion  that  the  sto- 
mach itself  has  no  share  in  the  act  of  vomiting,  which  had  been 
already  advanced  by  Bayle,  Chirac,  Senac,  and  John  Hunter,  but 
was  refuted  by  Haller,  has  been  again  revived  by  M.  Magendie,  who 
maintains  that  the  stomach  is  itself  quite  passive  during  vomiting, 
and  that  the  expulsion  of  its  contents  is  efiected  solely  by  the  pres- 
sure exerted  upon  it  when  the  capacity  of  the  abdomen  is  diminished 
by  the  contraction  of  the  diaphragm  and  abdominal  muscles.  M. 
Magendie  injected  tartar  emetic  into  the  veins  of  dogs,  and  in  other 
instances  gave  it  by  the  mouth,  but  he  never  saw  the  stomach  itself 
contract;  and  if  in  such  cases  he  drew  the  stomach  out  of  the  ab- 
dominal cavity,  vomiting  was  prevented  until  he  returned  the  viscus 
to  its  natural  situation,  when  vomiting  inunediately  ensued.  Pres- 
sure with  the  hand  had  the  same  influence  as  the  abdominal  muscles^ 
and  even  the  action  of  the  diaphragm  alone,  pressing  against  the 
linea  alba,  was  sufficient  to  produce  vomiting  when  the  abdominal 
muscles  had  been  cut  away.    Division  of  the  phrenic  nerve  put  a 
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stop  to  the  vomiting.  M.  Magendie  states,  that,  when  the  stomach 
was  removed,  and  a  pig's  bladder  connected  with  the  oesophagus  in 
its  steady  vomiting  was  produced  in  the  same  way  as  when  the  sto- 
mach itself  remained  uninjured. 

M.  Magendie's  conclusions  were  controverted,  however,  by  M. 
Maingauit,  who  stated  that  he  had  seen  vomiting  occur  when  both 
the  diaphragm  and  abdominal  muscles  had  been  divided.  This 
gave  rise  to  further  investigation,  and  the  committee  appointed  by 
the  Academy  of  Paris  found,  that  without  external  pressure  on  the 
stomach  vomiting  could  not  take  place,  but  that  this  pressure  need 
only  be  very  slight;  for  that,  after  the  abdominal  muscles  had  been 
divided,  and  the  diaphragm  paralysed,  fluid  could  be  pressed  from 
the  stomach  into  the  cesophagus  by  the  inferior  ribs  being  drawn 
down  upon  the  epigastric  region:  they  perceived  no  motion  of  the 
stomach  itself,  except  the  circular  contractions  in  the  neighbourhood 
of  the  pylorus,  which,  they  say,  occurred  independently  of  the  act  of 
vomiting(?).  Rudolphi,  on  the  contrary,  saw  such  motions  of  the 
stomach  during  vomiting  after  the  abdominal  muscles  had  been  di- 
vided.* Magendie's  experiment  with  the  pig's  bladder  does  not 
prove  much;  and  Rudolphi  justly  remarks  that  the  tartar  emetic 
injected  into  the  veins  in  this  experiment  must  have  excited  antiperi- 
staltic motions  of  the  cesophagus,  by  which  the  contents  of  the  sto- 
mach might  be,  as  it  were,  pumped  up,  and  that  the  quantity  of  the 
flnid  expelled  was  in  fact  very  small.  The  experiment,  indeed,  loses 
all  its  apparent  importance  when  we  consider  that  the  condition 
which  ordinarily  prevents  the  escape  of  the  contents  of  the  stomach 
into  the  cesophagus, — namely,  the  contraction  of  the  lower  ex- 
tremity of  this  latter, — would  not  exist  when  the  cesophagus  was  cut 
through,  so  that  from  the  slightest  cause  any  fluid  would  escape 
through  it.  An  important  circumstance,  which  has  hitherto  been 
too  much  disregarded,  is  the  existence  of  a  kind  of  imperceptible  con- 
traction of  the  whole  stomach,  by  which  its  entire  volume  is  dimin- 
ished without  individual  parts  being  seen  to  contract.  I  have  often 
observed  such  a  contraction  of  the  stomach  when  vomiting  was  not 
taking  place.  The  contraction  of  the  stomach  during  vomiting  ap- 
pears to  me  to  be  an  indubitable  fact,  for  it  can  be  felt  by  the  person 
about  to  vomit,  although  it  has  not  so  great  a  share  in  the  production 
of  vomiting  as  has  been  ascribed  to  it;  for  the  stomach  is  able  to 
propagate  the  irritation  applied  immediately  to  itself  to  other  muscles. 

Action  of  emetics. — The  propagation  of  local  irritation  of  the 
stomach  by  sympathy  to  other  muscles, — particularly  the  abdominal 
muscles  and  diaphragm, — is  no  longer  a  mere  hypothesis;  I  repeat- 
edly found  that  I  could  produce  contraction  of  the  abdominal  muscles 
in  a  rabbit  by  lacerating  with  a  needle  the  nervus  splanchnicus  of  the 
left  side,  at  the  inner  border  of  the  supra-renal  capsule.  (In  the  dog 
the  experiment  did  not  succeed.)    Now,  since  the  nervus  splanch- 

*  In  Lund's  work  (VivisectioDem,  &c.)  will  be  found  ezperiments  on  the  snb- 
jeet  by  Portal,  Bourdon,  Beclard,  and  Merat,  whose  conclasions  were  opposed  to 
M agendie's  opinion;  and  others,  by  Rostan,  Piedagnel,  and  Gondret,  which  were 
faTommble  to  his  Tiaw*    But  none  of  them  are  Tery  decisive. 
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nicus  is  the  medium  of  communication  between  the  sympathetie 
nerve  and  the  cceliac  ganglion,  while  the  cceliac  ganglion,  again,  is 
connected  with  the  spinal  nerves,  and  through  them  with  the  spinal 
cord;  it  fodows,  that  irritation  of  the  splanchnic  nerve  may  be  com- 
municated either  immediately;  or  through  the  medium  of  the  spinal 
cord,  to  the  nerves  of  the  abdominal  muscles.  This  observation,  in 
my  opinion,  renders  M.  Magendie's  theory  of  the  action  of  emetic 
medicines  very  improbable.  He  supposes  that  emetics  introduced 
into  the  stomach  are  first  taken  up  into  the  circulation,  and  thence 
affect  the  different  organs  concerned  in  the  act  of  vomiting,  in  the 
same  way  as  tartar  emetic  injected  into  the  veins  in  other  parts.  Bat 
the  fact  that  the  splanchnic  nerve  has  the  power  of  exciting  contrac- 
tions of  the  abdominal  muscles,  is  alone  almost  sufficient  to  prove 
that  the  vomiting  produced  by  substances  taken  into  the  stomach 
owes  its  production  to  the  local  irritation  being  propagated  through 
the  nerves,  and  when  it  is  produced  by  mechanical  irritation  of  the 
stomach  or  intestines,  by  inflammation  of  the  stomach  or  intestines^ 
or  by  mechanical  irritation  of  the  pharynx,  or  more  correctly  the 
fauces,  {See  Dr.  Marshall  HalPs  Mem.  on  the  Nervous  System,  p. 
97,)  it  can  be  explained  in  no  other  manner.** 

It  being  very  probable,  then,  that  emetics  introduced  into  the 
stomach  excite  the  movements  of  vomiting  through  the  medium  of 
nervous  communication,  the  question  arises,  whether  the  irritation  in 
such  cases  is  communicated  to  the  brain  by  the  vagus  nerve  espe- 
cially, or  to  the  brain  and  spinal  cord  by  the  splanchnic  and  sympa- 
thetic nerves,  the  auxiliary  motioi^  in  the  act  of  vomiting  being  in 
either  case  excited  by  the  influence  transmitted  to  the  diaphragm 
and  abdominal  muscles  from  the  brain  and  spinal  cord  through  the 
medium  of  the  spinal  nerves.  The  experiment  already  mentioned^ 
which  shows  that  the  splanchnic  nerve  has  the  power  of  exciting 
contractions  of  the  abdominal  muscles,  is  a  proof  that  that  nerve  has 
a  share  in  the  propagation  of  the  irritation.  The  fact  that  vomiting 
is  produced  by  irritation  of  the  pharynx,  which  is  principally  supplied 
by  branches  of  the  vagus,  proves,  on  the  other  hand,  that  the  vagus 
is  implicated  in  it.  It  is  therefore  certainly  probable  that  both  vagus 
and  splanchnic  nerve  act  simultaneously  in  transmitting  the  irritation 
when  emetic  agents  act  on  the  stomach  and  intestine. 

The  vomiting  which  is  excited  by  division  or  ligature  of  the  nervus 
vagus  {Mayer^  in  Tiedemann^  Zeitschri/t jiii.  62,)  is  to  be  explained 
in  the  same  way.  The  irritation  arising  from  the  ligature  of  the 
nerve,  and  even  from  the  contusion  which  attends  its  division,  is 
communicated  to  the  brain;  and  the  inflammation  of  the  ends  of  the 
nerve,  which  necessarily  ensues,  produces  the  same  impression  on  the 
brain,  through  the  medium  of  the  portion  of  nerve  still  connected  with 
it,  as  is  produced  by  irritation  of  the  extremities  of  the  nerves  in  inflam- 
mation of  the  stomach  itself:  the  same  result — vomiting — follows  in 
both  cases.    The  division  of  other  nerves,  likewise, — for  instance,  of 

*  See  Magendie's  M^moire  conoemant  riDllaenoe  de  I'^metique,  etc.  Noav. 
Ball,  de  la  Soo.  Philonu  U  iii.  p.  360. 
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the  optic  nerve,  in  extirpation  of  the  ejre, — sometimes  excites  vomit- 
ing. The  observation,  that  whatever  be  the  dose  of  an  emetic  or  a 
]nirgative  given  to  dogs  on  which  a  section  of  the  nervi  vagi  has  been 
made,  no  operation  follows,  is  adduced  by  firachet  {Recherches  sur 
hi  fanctiona  du  Systlme  Oanglionaire)  as  an  argument  for  the 
nervus  vagus  having  a  share  in  transmitting  to  the  brain  the  irritation 
of  the  stomach,  which  excites  vomiting.  The  observation  itself,  how- 
ever, is  opposed  to  the  fact  that  vomiting  ensues  spontaneously  in  dogs 
after  the  division  of  the  vagus. 

When  vomiting  arises  from  an  affection  of  the  brain  itself,  the  irri- 
tation is  communicated  in  part  directly  to  the  stomach,  and  in  part  to 
the  spinal  nerves  and  to  the  diaphragm  and  abdominal  muscles,  in 
consequence  of  the  spinal  marrow  being  likewise  affected.  The  usual 
opinion  is  that  the  irritation  being  excited  in  the  vagus  nerve  by  the 
cerebral  affection,  that  nerve  excites  contractions  of  the  stomach:  but 
this  it  is  difScult  to  believe;  for,  distinct  as  are  the  contractions  of  the 
CDSophagus  which  may  be  excited  by  irritation  of  the  nervus  vagus 
mechanically  or  by  galvanism,  I  have  never  succeeded  in  producing 
oven  a  single  distinct  contraction  of  the  stomach  by  that  means,  al- 
though I  have  made  repeated  experiments  with  that  view  on  rabbits, 
and  carnivorous  and  granivorous  birds,  and  have  employed  the 
strongest  mechanical  irritation,  and  even  a  very  powerful  galvanic 
pile,  the  vagus  being  in  the  last  case  insulated.    Even  the  muscular 

Ezard  of  birds  cannot  be  made  to  contract  in  the  slightest  degree. 
Magendie  and  Mr.  Mayo  have  made  similar  observations.  The 
motions  of  the  stomach,  like  those  of  the  intestines,  appear  to  be 
"Wholly  dependent  on  the  sympathetic  nerve.  The  peristaltic  motions 
of  both  continue  when  they  are  removed  from  their  connections  in 
the  body;  Wepfer  observed  this  of  the  stomach,  and  others  have 
noticed  it  with  regard  to  the  intestines. 

The  mode  of  action  of  emetics  introduced  into  the  circulation  still 
xemains  to  be  considered.  There  is  no  very  evident  explanation  for 
it,  or  rather  we  do  not  possess  sufficient  data  to  enable  us  to  deter- 
mine the  question  in  a  decided  manner.  It  is  in  fact  a  matter  of  in- 
difference whether  an  irritant  is  applied  to  the  mere  surface  of  an 
organ,  or  acts  more  directly  on  the  parenchyma,  through  the  medium 
of  the  blood  which  traverses  it.  Thus  arsenic  excites  inflammation 
of  the  stomach,  even  when  applied  primarily  to  other  parts  of  the 
body.  Hence  it  appears  probable  that  the  tartar  emetic  introduced 
into  the  blood  acts  on  the  organs  which  participate  in  the  act  of 
vomiting  through  the  medium  of  their  blood-vessels.  But  it  is  still 
a  matter  of  doubt  whether  its  more  important  action  is  upon  the 
organs  from  which  the  nervous  energy  for  the  movements  of  vomit- 
ing are  derived,  or  upon  the  organs  of  motion  themselves. 

6.  Motions  of  the  intestines. — The  vermicular^  or  peristaltic 
movements  of  the  intestines,  like  those  of  the  stomach,  appear  to  be 
generally  very  feeble  during  life;  it  is  only  in  a  nervous  state  of  the 
system,  in  dyspepsia,  in  spasmodic  action  of  their  muscular  coats, 
and  particularly  in  intestinal  irritation  or  diarrhoea,  that  the  action  of 
the  intestines  becomes  more  rapid.    When  an  animal  is  opened 
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during  life,  the  peristaltic  motions  are  at  first  scarcely  perceptible, 
but  by  exposure  to  the  air  they  are  soon  increased  in  force,  and  be- 
come extremely  energetic;  the  intestines  rise  and  fall,  and  propel 
onwards  their  contents,  generally  in  the  direction  of  the  rectum.  If 
a  stimulus,  whether  mechanical  or  chemical,  or  the  galvanic  influ- 
ence, is  applied  to  any  part  of  the  intestines,  contraction  takes  place, 
and  the  intestine  by  degrees  becomes  very  narrow  at  that  point,  the 
greatest  degree  of  contraction  not  ensuing  until  after  the  action  of 
the  stimulus  has  ceased;  the  subsequent  relaxation  is  likewise  gra- 
dual. A  strong  galvanic  shock  applied  to  the  splanchnic  nerve  insu- 
lated on  a  plate  of  glass,  or  to  the  coeliac  ganglion,  gives  rise  to  a 
generally  increased  activity  of  the  peristaltic  movements,  while 
neither  division  of  the  vagus  nor  of  the  sympathetic  nerve  puts  a 
stop  to  them:  they  continue  even  after  the  intestine  is  removed  from 
the  body. 

The  sphincter  ani  is  always  in  a  contracted  state  except  at  the 
time  of  the  evacuation  of  the  faeces.  It  seems  to  have,  in  common 
with  all  muscles,  a  slight  degree  of  the  power  of  constant  contraction, 
which  does  not  become  sensible  until  the  antagonising  muscles  are 
divided.  But  the  accumulation  of  the  faeces  in  the  rectum,  and  the 
irritation  produced  thereby,  cause  a  stronger  contraction  of  the 
sphincter,  which  continues  till  it  is  overcome  by  the  increasing  pres- 
sure of  the  excrement  The  sphincter  may  by  an  efibrt  of  the  will 
be  made  to  contract  more  strongly,  but  it  cannot  be  made  to  relax. 
The  contraction  of  the  sphincter  ani  is  in  some  rare  cases  overcome, 
and  the  faeces,  when  of  soft  consistence,  are  expelled  by  the  mere 
involuntary  contraction  of  the  rectum,  without  the  aid  of  the  abdomi- 
nal muscles.  Legallois  and  Beclard,  {Bull  de  la  Fac.  tt  dela  Soe. 
de  M6d.  I8I3,  N.  10,)  indeed,  state  that  they  have  seen  this  occur 
after  the  abdominal  muscles  had  been  removed.  Usually,  however, 
the  diminution  of  the  capacity  of  the  abdomen  by  the  contraction  of 
the  diaphragm  and  abdominal  muscles  with  the  voluntary  action  of 
the  levator  ani,  are  necessary  to  effect  the  expulsion  of  the  faeces. 
But  all  these  voluntary  muscles  contract  involuntarily  and  spasmo- 
dically, as  in  vomiting,  when  the  irritation  excited  by  the  faeces  has 
continued  for  a  long  time,  and  is  become  very  great. 

The  mtiscular  action  of  the  'rectum  may  be  paralysed  in  conse- 
quence of  injuries  or  disease  of  the  spinal  marrow  (and  brain),  and 
this  may  give  rise  to  incontinence  or  permanent  retention  of  the 
faeces,  according  as  the  paralysis  affects  more  particularly  the  sphinc- 
ter ani  or  the  rectum  and  abdominal  muscles.  Division  of  the 
phrenic  nerves,  and  the  consequent  paralysis  of  the  diaphragm,  are 
said  by  Krimer  not  to  prevent  the  expulsion  of  the  faeces,  although 
such  is  the  effect  of  dividing  the  abdominal  muscles,  or  the  spinal 
cord  between  the  fifth  and  sixth  vertebrae,  in  dogs.  Dr.  Marshall 
Hall  (Memoirs  on  the  Nervous  System^  p.  13,)  has  shown  that  the 
sphincter  ani  is  under  the  influence  of  the  lower  extremity  of  the 
spinal  cord,  and  that  when  this  part  of  the  nervous  centres  is  de- 
stroyed, the  sphincter  becomes  flaccid,  and  does  not  contract  on  the 
amUflatiiiiotaeCiiiiiilua.     > 
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CHAPTER  IV. 

OF  THE  SECRETIONS  POURED  INTO  THE  DIGESTIVE  CANAL. 

1.  Saliva, — There  seems  to  be  a  secretion  of  saliva  in  almost  all 
animalsy  with  the  exception  of  the  Cetacea  and  fishes.  Whether  the 
secretion  of  the  poison  glands  with  which  some  serpents*  (and  Arach- 
mda  also)  are  provided,  contributes  to  the  solution  of  the  food,  is 
not  known.  An  analogy  has  been  supposed  to  exist  between  such 
secretions  and  the  saliva  of  rabid  animals,  but  there  is  no  foundation 
for  the  comparison;  since  the  poisonous  property  of  the  saliva  in 
rabies  is  not  an  essential  quality  of  it,  and  it  appears  from  the  expe- 
riments of  Hertwig,  at  the  veterinary  school  of  Berlin,  that  other 
jsecretions  of  rabid  animals,  and  at  all  events  their  blood,  are  capable 
of  producing  the  dispase  by  inoculation!  This  does  away  likewise 
with  the  inference  deduced  from  a  circumstance  which  has  been 
asserted  to  occur,  namely,  the  assumption  of  a  poisonous  quality  by 
.the  saliva  under  the  influence  of  passion.  The  material  changes  in 
the  body  consequent  on  violent  affections  of  the  mind  are  general, 
implicating  several  secretions  simultaneously;  they  have  been  par- 
ticularly observed  in  the  milk.  Moreover,  it  has  not  been  proved 
that  the  bites  of  enraged  animals  differ  from  common  lacerated 
wounds. 

The  giuintity  qf  the  salivary  secretion  has  been  made  the  subject 
of  observation  by  Dr.  C.  G.  Mitscherlich  in  a  man  who  had  fistula  of 
the  stenonian  duct.  He  found  that  when  the  muscles  concerned  in 
mastication,  and  the  tongue,  were  completely  at  rest,  and  the  nerves 
were  subject  to  no  unusual  stimulus,  the  secretion  ceased,  but  that 
it  was  excited  by  the  opposite  circumstances.  The  quantity  of  the 
saliva  secreted  by  one  parotid  in  a  healthy  man  during  twenty-four 
hours  was  from  sixty-five  to  ninety-five  grammes  fabout  from  two 
to  three  ounces  troy);  and  the  saliva  collected  from  the  mouth  during 
the  same  period,  and  derived  from  the  five  other  salivary  glands, 
amounted  to  six  times  more  than  that  from  the  one  parotid.t  In  the 
same  space  of  time  Schultz  collected  from  the  stenonian  duct  of  a 
horse  fifty-five  ounces  seven  drams  of  saliva,  of  which  twelve  ounces 
were  secreted  during  the  first  feeding-time,  which  occupied  two 
hours;  and  ten  ounces  nine  drams  during  the  three  hours  which 
elapsed  between  the  first  and  second  feed.  (Schultz f  de  •Aliment, 
Concoclione.    Serol.  1834. 

The  chemical  composition  qf  the  saliva  has  been  examined  in  an 
admirable  manner  by  Berzelius,  by  Gmelin,  and  by  Mitscherlich. 

The  saliva  obtained  from  the  mouth  is  a  viscous  fluid  consisting 

*  For  an  account  of  the  effects  of  the  bite  of  poisonous  serpents,  consult  Fontana 
nber  das  Vipemgift;  Berlin,  1787,  p.  15:  Traite  sur  le  Venin  de  la  Vip^re;  and 
Rmgg^T,  in  Meckel's  Archiv.  1829. 

t  MitSQherlidi,  ober  den  Speichel  des  Mensehen.    Rast's  Mag.  1838. 
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of  a  mixture  of  saliva  and  mucus.  Berzelius,  having  collected  it  in 
a  deep  narrow  vessel,  found  that  it  separated  into  an  upper  trans- 
parent and  colourless  fluid,  and  a  lower  portion,  which  was  a  mix- 
ture of  the  same  fluid  and  a  white  opaque  matter.  By  previously 
mixing  the  saliva  with  water,  and  agitating  them  together,  Berzeliui 
was  enabled  to  separate  more  completely  the  mucus,  which  sank  to 
the  bottom  of  the  vessel. 

Saliva  varies  as  to  acid  or  alkaline  reaction.  Tiedemann  and 
Gmelin  found  it  to  be  generally  slightly  alkaline,  sometimes  neutral, 
never  acid.  Schultz  states  that  it  is  acid  in  the  adult  when  it  has 
been  retained  long  in  the  mouth,  but  that  it  is  always  alkaline  in 
children.  The  saliva  of  dogs  and  sheep  collected  from  the  parotid 
duct,  was  found  by  Gmelin  to  be  alkaline.  C.  H.  Schultz  also  states 
as  the  result  of  his  observation,  that  the  saliva  of  the  human  subject 
is  generally  alkaline,  one  drachm  requiring  one  drop  of  acetic  add  to 
neutralise  it.  He  found  the  saliva  of  the  horse  also  alkaline:  and  he 
asserts  that,  after  the  saliva  had  been  neutralised,  it  gradually 
covered  its  alkaline  property.  Dr.  Mitscherlich  found  the 
which  he  collected  from  a  fistula  of  the  parotid  duct  to  be  alkaline 
during  a  meal,  but  acid  at  other  times.  The  alkalescence  of  die 
saliva  is  stated  by  Schultz  to  be  dependent  on  the  presence  of  am- 
monia. Mitscherlich,  on  the  contrary,  asserts  that  fresh  saliva 
evolves  no  ammonia  when  heated,  and  that  its  alkaline  property  is 
owing  to  its  containing  a  fixed  alkali. 

The  observations  of  Sebastian  and  Van  Setten,  (Diss,  de  saliva 
gtisque  vi  ei  utilitaie.  Oroning.  1837-8,)  and  of  Mr.  Laycock, 
{Med.  Oaz.  Oct.  1837)  seem  to  show  that  the  reaction  of  the  saliva 
may  vary  from  acid  to  alkaline  under  the  influence  of  many  very 
trifling  circumstances.  It  appears  to  be  very  seldom  quite  neutral 
Seven  observations  on  the  reactions  of  the  saliva,  which  the  trans- 
lator had  recently  the  opportunity  of  instituting  in  a  case  of  fistula 
of  the  parotid  duct,  tended  to  confirm  Mitscherlich's  statement,  that 
the  saliva  becomes  alkaline  when  food  is  taken,  but  is  acid  at  other 
times. 

The  specific  weight  of  the  fresh  saliva  obtained  by  Mitscherlich 
was  from  1.0061  to  1.0088;  that  of  the  horse's  saliva,  examined  by 
Schultz,  was  1.0125. 

Saliva  contains  globules  in  very  small  number;  they  have  been 
observed  by  Lieeuwenhoeck,  Weber,  Tiedemann,  and  myself;  they 
are  transparent,  and,  according  to  Weber,  are  larger  than  the  red 
particles  of  the  blood. 

The  solid  particles  floating  in  the  saliva  are  in  part  scales  of 
epithelium  separated  from  the  surface  of  the  mucous  membrane  of 
the  mouth;  in  part  mucous  globules  poured  out  by  the  mucous  fol- 
licles; and  in  part  probably  the  nucleated  globules,  which,  according 
to  Henle,  are  formed  as  secondary  cells  within  the  terminal  vesicles 
of  the  salivary  secreting  canals. 

Berzelius  estimates  the  amount  of  solid  matter  which  saliva  holds 
in  solution,  at  about  1  per  cent  The  mass  which  remains  when 
saliva  is  evaporated,  is  transparent  alcohol  extracts  from  it  a  small 
quantity  of  osmazome,  with  some  chloride  of  sodium  and  potassium^ 
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and  lactate  of  an  alkali.  The  matter  which  is  not  dissolved  by  the 
alcohol,  is  slightly  alkaline,  and  contains  soda.  The  residue,  when 
this  soda  is  removed,  is  found  to  consist  of  mucus,  which  constitutes 
M,  and  a  peculiar  substance  called  salivary  matter,  which  has  been 
rather  differently  described  by  Berzelius,  Mitscherlich,  and  Tiede- 
mann  and  Gmelin.  From  the  mucus  which  remains  after  the  ex- 
traction of  the  salivary  matter  by  means  of  cold  water,  Berzelius 
obtained  a  large  quantity  of  phosphate  of  lime,  from  which  probably 
the  tartar  of  the  teeth  is  formed,  since  it  consists  of  phosphate  of  lime. 
The  following  are  the  results  of  Tiedemann's  and  Gmelin's  ana- 
lysis. By  evaporating  the  saliva  of  the  human  subject,  they  ob- 
tained from  1-14  to  1*19  per  cent,  of  solid  residue;  this  yielded  0-25 
part  of  ashes,  of  which  0-203  were  soluble  in  water,  and  0047 
were  earthy  phosphates.  100  parts  of  the  residue  of  diluted  saliva 
gave: — 

A  rabttaaoe  solable  in  alcohol,  and  inaolable  in  water,  (fat  oontaininf^   ^ 

phosphoroi,)  ....  .  .  .    f     g.^ 

Matters  aoloUe  both  in  alcohol  and  water,  (otmaiome,  chloride  of  potaa-    C     ^'^  '^ 

■iom,  lactate  of  potash,  and  salpho-cyaoaret  of  potaiaiam,)  .  .    ) 

Animal  matter  eolable  in  boiling  alcohol,  bat  precipitated  daring  cooling,     i       ..ne 

with  Bolphate  of  potash,  and  tome  chloride  of  potaatiom,     •  .     ^ 

■  Matters  solable  in  water  only,  (salivary  matter,  with  abandant  phosphate 

and  some  snlphate  of  an  alkali  and  chloride  of  potassium,)  . 
Matters  lolable  neither  in  water  nor  in  alcohol,  (macos,  perhaps  some 

albamen,  with  alkaline  carbonate  and  phosphate,)    . 


SOOO 
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The  saline  ingredients  of  the  saliva  are,  according  to  Dr.  Mitscher- 
lich:— 


Chloride  of  potassiam,  .           .           .           . 

0*18    per  cent 

Potash,  (combined  with  lactic  acid,)     • 

0-094 

Soda,  (combmed  with  lactic  acid,) 

0024 

Lactic  acid,       .            .            .           .            . 

Soda,  (probabl?  combined  with  mocus,) 
Phosphate  of  lime, 

0-164 

0017 

Silicic  earth,      .           .           •           .           . 

0H)15 

The  proximate  organic  principles  obtained  from  the  saliva  by  Mit- 
Kherlicn  are  similar  to  those  which  Berzelius  enumerates. 

The  matter  which  Tiedemann  and  Gmelin  have  shown  to  be  sul- 
phoeyanogen  was  first  discovered  to  be  an  ingredient  in  the  saliva 
oy  ifreviraniis,  (Biologie,  iv.  565:)  he  found  that  saliva  became  of  a 
deep  red  colour  when  mixed  with  a  neutral  solution  of  a  salt  of  the 
peroxide  of  iron.  This  was  confirmed  by  Tiedemann  and  Gmelin; 
rat  1  must  remark  that,  in  my  experiments,  whatever  per-salt  of 
iron  I  might  add,  the  colour  produced  was  only  rust-red,  not  purple. 
Dr.  Ure  (Journal  o/Sciencej  Literature,  and  Arts,  N.  S.  vii.  p.  60,) 
regards  the  existence  of  sulpho-cyanogen  in  the  saliva  as  established 
beyond  all  question  by  his  experiments(?). 

Van  Setten*  regards  the  presence  of  sulpho-cyanic  acid  in  the 
saliva  as  almost  certain,  since  the  watery  solution  of  the  alcoholic 
extract  distilled  with  phosphoric  acid  yielded  a  fluid  which  with 

•  Diss,  de  Saliva  ejnsque  Yi  et  UfiUtate;  and  Muller't  Arohiv.  1838,  p.  clziv. 
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chloride  or  iron  prod  need  the  red  colour  of  sulpho-cyanate  of  iron. 
He  may  have  mistaken  the  colour;  but  he  states  that  by  decomposing 
saliva  with  which  a  solution  of  baryta  was  mixed,  he  obtained  sul- 
phate of  baryta,  which  certainly  seems  to  prove  that  the  saliva  con- 
tains sulphur. 

Of  the  animal  matters  of  the  human  saliva, — namely,  salivary 
matter,  mucus,  and  osmazome, — the  first  was  found  by  Tiedemann 
and  Omelin  to  be  almost  wholly  wanting  in  the  saliva  of  the  sheep, 
the  last  in  that  of  the  dog. 

The  tartar  which  collects  on  the  human  teeth  has  been  analysed 
by  Berzelius,  who  states  its  composition  to  be  as  follows: — 

Salivary  matter,           .                        .            .  .             1*0 

Saliva  rjr  mucus,            ....  IM 

Earthjr  phoapbatea,                  .            .            .  79*0 

Animal  matter  diaaolired  bj  muriatic  acid,  7*5 

10(H) 

The  saliva  of  insects  has  not  been  accurately  examined;  it  ap- 
peared to  Rengger*  to  be  alkaline. 

2.  7%«  gastric  Juice. — The  descriptions  given  of  the  gastric  juice 
by  the  earlier  writers,  who  made  it  the  subject  of  examination,  were 
quite  contradictory.  Spallanzani,  who  sought  to  prove  that  th& 
gastric  secretion  is  a  solvent  of  the  articles  of  food  out  of  the  body 
as  well  as  in  the  stomach,  asserted  that  it  is  perfectly  neutral;  while 
Mont^re  {Sur  la  Digestion.  Paris,  1804,)  found  it  to  be  gene- 
rally acid,  although  he  denied  its  solvent  power.  Helm  (Zwei 
Krankengeschichten.  Wien,  1803,)  detected  no  acidity  in  the  gas- 
tric fluid  obtained  from  a  patient  who  had  a  fistulous  opening  com- 
municating with  the  stomach;  Viridet,  Carminati,  BrugnateiTi,  and 
Werner,  on  the  contrary,  observed  its  acid  property.  The  discre- 
pancy of  these  statements  was,  however,  in  some  measure  explained 
by  the  experiments  of  Carminati,  {iXber  die  Natur  des  Magensaftes. 
Wien,  1785,)  who  found  that  the  gastric  fluid  obtained  from  car- 
nivorous animals  while  fasting,  was  never  acid,  but  became  distinctly 
so  as  soon  as  food  was  taken.  He  remarked  that  the  gastric  juice 
of  herbivorous  animals  also  was  acid,  but  detected  no  remarkable 
acidity  in  that  of  man  and  animals  of  mixed  food.  Tiedemann  and 
Gmelin  have  finally  determined  the  question.  They  ascertained  that 
the  fluid  in  the  stomach  of  horses  and  dogs,  while  the  animals  were 
fasting,  was  nearly  neutral,  or  only  very  slightly  acid;  but  that  it 
acquired  a  marked  degree  of  acidity  as  soon  as  mechanical  irritants, 
such  as  stones  or  peppercorns,  were  introduced  into  the  stomach. 
Leuret  and  Lassaigne  have  made  the  same  observation.  It  was  the 
secretion  of  the  stomach  only  that  was  acid  in  these  cases;  no  acidity 
could  be  detected  in  the  oesophagus. 

The  gastric  juice  has  hitherto  been  examined  by  no  one  in  such 
large  quantity,  in  such  a  pure  state,  and  so  frequently,  as  by  Dr. 
Beaumont,  {op.  dt.)  who,  during  several  years,  carried  on  a  long 

*  Physiol.  Untersuch.  uber  die  thierische  Hansbaltonflr  der  Insecten.  Tab. 
1817. 
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series  of  ezperimentSy  relative  to  digestion,  on  the  young  man, 
(Alexis  Martin,')  in  whom  a  large  opening  communicating  with  the 
stomach  remained  after  a  gun-shot  wound.  Dr.  Beaumont  confirms 
the  statement,  that  the  stomach  when  empty  secretes  no  gastric  juice, 
and  that  the  fluid  which  moistens  its  surface  in  that  state  is  not  acid, 
but  becomes  so  as  soon  as  food  is  taken.  Schultz,  who  wholly  denies 
the  existence  of  a  gastric  juice,  and  attributes  the  acid  reaction  of 
the  chyme  to  decomposition  of  the  food  itself,  could  not  but  perceive 
an  objection  to  his  theory  in  the  fact  observed  by  Tiedemann  and 
Gmelin,  that  the  secretion  of  gastric  juice  can  be  excited  in  animals 
when  the  stomach  contains  no  food,  by  the  introduction  of  mechanical 
stimuli,  such  as  stones;  and  he  explains  the  acid  property  of  the  fluid 
in  the  stomach  in  these  cases  by  supposing  it  to  be  the  remains  of 
acid  chyme.  The  numerous  experiments  of  Dr.  Beaumont,  how- 
ever, render  it  impossible  for  the  existence  of  a  gastric  fluid  to  be 
smy  longer  doubted.  Having  ascertained  that  the  stomach  was 
empty,  and  that  its  coats  evinced  the  presence  of  no  free  acid,  he 
irritated  it  mechanically  by  introducing  through  the  wound  a  caout- 
chouc tube,  or  the  bulb  of  a  thermometer,  and  observed  that,  how- 
ever often  the  experiment  was  repeated,  a  pretty  copious  acid  fluid 
was  each  time  poured  out;  he  was  frequently  able  to  obtain  by  this 
method  nearly  an  ounce  of  the  secretion. 

The  degree  qf  acidity ^  which  is  an  interesting  point,  has  been  in- 
vestigated by  Schultz;  and  from  the  mean  of  his  observations,  it 
appears,  that  one  part  of  chyme  requires,  for  its  neutralisation,  t^  of 
carbonate  of  potash. 

The  source  of  the  gastric  fluid  seems  to  be  the  very  simple  fol- 
licles of  the  mucous  membrane  of  the  stomach,  at  least  in  those  ani- 
mals which  have  no  special  glands  for  its  secretion.  The  structure 
of  the  mucous  membrane  of  the  human  stomach  has  been  already 
described.  Tiedemann  and  Gmelin  found  that  the  property  of  co- 
agulating milk  was  possessed,  not  only  by  the  pyloric,  but  also  by 
the  cardiac  portion  of  the  stomach.  Dr.  Beaumont  states  expressly, 
that  the  secretion  appeared  to  him  to  be  poured  into  the  stomach  of 
his  patient  by  minute  lucid  points,  or  very  fine  papillsB.  In  several 
animals  there  are  distinct  gastric  glands;  we  may  instance  the  great 

Sric  gland  of  the  beaver,  which  most  probably  secretes  a  fluid 
ined  for  the  solution  of  barks  of  trees;  there  is  a  similar  gland  in 
the  cardiac  portion  of  the  stomach  of  the  Myoxus;  and  with  these 
we  may  also  class  the  proventriculus  of  birds,  between  the  mucous 
and  muscular  coats  of  which  there  is  a  complete  stratum  of  follicular 
csBca-like  glands  opening  by  separate  mouths.* 

Chemical  analysis. — Dr.  Prout  {Philos.  TVansact.  1824,  p.  1,) 
was  the  first  chemist  who  instituted  an  accurate  analysis  of  the  gas- 
tric secretion.  He  showed  that  the  gastric  secretion  of  the  rabbit, 
hare,  horse,  calf,  and  dog,  contains  free  muriatic  acid;  and  both 
Front  and  Children  (Annals  qf  Philosophy.    July,  1824,)  detected 

*  Sir  E.  Home's  Leetnret  on  Companti?^  Anatomy.  U  U.;  and  J.  Mailer,  de 
Pttiit.  Gland.  Stmet. 
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the  same  acid  in  the  fluid  raised  from  the  stomach  by  dyspeptic 
patients.  Prevost  and  Le  Royer  {Prariep^s  Notiz,  ix.  p.  194,)  con- 
firmed Front's  observations  as  to  the  presence  of  muriatic  acid  in  the 
gastric  juice.  Leuret  and  Lassaigne,  it  is  true,  denied  it,  but  Proat 
refuted  their  objections. 

Tiedemann  and  Omelin  afterwards  detected  three  acids  in  the 
gastric  juice.  I.  Muriatic  acid,  in  the  gastric  acid  of  the  horse  and 
dog.  2.  Acetic  acidj  in  the  gastric  juice  of  the  same  animals.  Chev- 
reui  has  Hkewise  found  lactic  acid,  which  is  nearly  allied  to  acetic 
acid,  in  the  fluid  vomited  by  a  person  fasting;  and  Dr.  Graves  has 
found  it  in  the  matter  vomited  by  a  dyspeptic  patient.  3.  Butyric 
acid  was  twice  detected  by  the  German  physiologists  in  the  stomach 
of  the  horse. 

Schultz  distilled  the  chyme  with  water,  and  found  that  in  many 
animals  a  part  of  the  acid  or  the  whole  of  it  passed  over  with  the 
distilled  fluid.  He  states,  as  the  results  of  his  experiments,  that  the 
acid  of  the  chyme  is  free  acetic  acid;  and  that  the  muriatic  acid  is 
not  free,  but  combined  with  potash. 

The  third  and  fourth  stomachs  only  of  ruminating  animals  are 
acid,  and  the  acidity  is  most  marked  in  the  fourth.  The  fluid  which 
collects  in  the  first  and  second  stomachs  during  fasting,  is  said  by 
Prevost  and  Le  Royer  to  contain  a  large  quantity  of  alkaline  carbo- 
nate; and  Tiedemann  and  Gmelin  have  confirmed  this  observation. 

Dr.  Beaumont  describes  the  secretion  of  the  human  stomach, 
which  he  obtained  by  irritating  the  stomach  of  St.  Martin,  as  follows: 
— It  is  a  clear  transparent  fluid,  without  smell,  slightly  saltish,  and 
very  perceptibly  acid.  Its  taste  resembles  that  of  thin  mucilage 
slightly  acidulated  with  muriatic  acid.  It  is  readily  diSiisible  in 
water,  wine,  or  spirits,  and  efiervesces  slightly  with  alkalies;  it  pre- 
cipitates albumen;  itself  undergoes  putrefaction  with  difficulty,  and 
checks  its  progress  in  other  animal  substances.  Mixed  with  saliva, 
it  strikes  a  blue  colour  and  becomes  frothy.  Dr.  Beaumont  sub- 
mitted a  certain  quantity  for  analysis  to  Professor  Dunglison,  who 
found  it  to  contain  free  muriatic  acid,  acetic  acids,  phosphates  and 
muriates  of  potash,  soda,  magnesia,  and  lime,  and  an  animal  matter 
which  was  soluble  in  cold,  but  insoluble  in  hot  water.  He  sent 
another  portion  of  it  to  Dr.  Silliman,  whose  analysis,  however,  loses 
its  value,  on  account  of  the  fluid  having  been  kept  several  months 
before  it  was  examined.  It*tvas  still  acid,  although  a  pellicle  had 
formed  on  it;  it  contained  muriatic  acid,  a  trace  of  sulphuric  acid, 
and  Dr.  Silliman  suspected  the  presence  of  some  phosphoric  acid. 

The  fluid  of  the  crop  of  birds  is,  according  to  Tiedemann  and 
Gmelin,  usually  acid.  The  secretion  of  the proventriculus  contains 
a  free  acid,  even  at  the  time  that  digestion  is  not  going  on.  The 
gastric  secretion  of  birds  coagulates  milk.  The  acidity  is  owing  to 
the  presence  of  muriatic,  and  probably  of  acetic  acid  likewise.  It 
has  been  suggested  by  Treviranus,  (Biologic^  iv.  p.  362,)  that  the 
gastric  secretion  of  birds  probably  contains  fluoric  acid,  since  Brug- 
natelli  {CreWs  Jinnalen,  1787,  i.  p.  230,)  has  observed  that  rock 
crystal  and  agate,  enclosed  in  tubes,  and  introduced  into  the  stomach 
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of  hens  and  turkeys,  were,  at  the  end  of  ten  days,  distinctly  acted 
on,  and  bad  lost  ten  or  twelve  grains  of  their  weight;  and  Trevira- 
nos  himself  witnessed  a  similar  action  on  a  porcelain  capsule,  in 
which  some  chyme  from  the  stomach  of  hens  had  been  digested. 
Tiedemann  and  Gmelin,  {loc.  cii.  part  ii.)  with  a  view  to  determine 
the  question,  digested  some  of  the  gastric  secretion  of  ducks  in  a 
platina  crucible,  which  was  covered  with  a  glass  plate,  on  which 
some  device  had  been  drawn  through  wax;  but  at  the  expiration  of 
twenty-four  hours,  no  trace  of  any  erosion  of  the  glass  was  percepti- 
ble. Tliey  do  not,  however,  hence  infer  that  the  gastric  juice  of 
birds  does  not  contain  fluoric  acid;  for  fluoride  of  calcium  is  certainly 
met  with  in  several  animal  tissues,  as  in  the  bones  and  in  the  urine. 

The  gastric  secretion  of  reptiles  is  generally  acid;  in  the  stomach 
of  fishes,  also,  particularly  when  it  contains  food,  there  is  a  free  acid. 
Other  reasons  render  it  probable  that,  in  both  these  classes,  the  gas* 
trie  secretion  contains  muriatic  and  acetic  acids. 

Leuret  and  Liassaigne*  believe  that  the  free  acid  of  the  stomach 
in  all  the  four  vertebrate  classes  is  lactic  acid.  Eberle,  {Physiologie 
der  Verdauung.  WOrzburg,  1834,)  however,  has  discovered  that 
this  acid  is  not  the  solvent  principle  of  the  gastric  juice;  but  that  the 
mucus  of  the  stomach,  (like  all  mucus,  he  says,)  has  the  property, 
when  acidulated,  of  inducing  decomposition  and  subsequent  solution 
of  the  food.  And  accordingly  we  find  that  with  acidulated  mucus 
of  the  stomach,  artificial  digestion  of  the  food  can  be  accomplished, 
even  out  of  the  body.t  Eberle  was  incorrect  in  stating  that  other 
mncus  than  that  of  the  gastric  mucous  membrane  is,  when  acidu- 
lated, adequate  to  the  solution  of  the  food;  and  hence  we  may  con- 
dude  that  the  solvent  principle  cannot  be  the  mucus  itself,  but  must 
be  a  peculiar  substance  contained  in  the  mucus  of  the  stomach.  It 
is  the  same  substance  which  causes  the  coagulation  of  the  milk  of  the 
stomach.  Most  of  what  we  know  of  the  digestive  principle,  «<  pep- 
sin,'' we  owe  to  Schwann.}  No  method  is  at  present  known  by 
which  it  may  be  obtained  in  a  perfectly  pure  state.  A  further  ac- 
ooont  of  it  will  be  given  in  the  chapter  on  the  digestive  process. 

3.  The  bile. — The  bile  is  a  secretion  so  generally  met  with  in  the 
animal  kingdom,  and  so  important  in  relation  to  the  digestive  pro- 
cess, that  it  would  be  in  the  highest  degree  interesting  to  know 
whether  even  in  the  lowest  animals  it  is  ever  wholly  wanting.  We 
might  regard,  and  some  indeed  have  regarded,  as  the  first  form  of 
the  liver  among  the  vermes,  those  sac-like  dilatations  or  ca&cal  ap- 
pendages of  the  intestinal  canal,  which  are  seen  in  the  medicinal 
leech  in  their  simplest  form,— that  of  lateral  dilatations, — in  the 
Apbrodita  as  long  and  narrow  caeca,  but  which  in  other  worms  are 
famified  cseca;  while  in  the  Planariae  and  Distomata,  lastly,  they 
assume  the  form  of  a  completely  ramified  intestinal  tube  which  has 
no  anal  opening.    The  csecal  appendages  of  the  stomach  of  the 

•  Recherches  Physiol,  poor  servir  a  THist.  de  la  DiffestioD.    Paris,  1825. 
f  See  J.  If  alter  and  Schwann,  uber  die  kunsUiohe  Verdaanng  des  geronnenen 
Elweisees.    Mailer's  Archiv.  1836,  p.  66. 
%  Uber  das  Wesen  des  Verdaaange-proMSses.    If  oiler's  Arohiv.  1836,  p.  90. 
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Asterias  fiimily,  which  likewise  has  no  anal  aperture,  might  be  re- 
garded as  analogous  secreting  organs;  but  the  nature  of  their  secre- 
tion cannot  be  ascertained,  nor  indeed  is  it  known  that  they  secrete 
at  all. 

The  long  caecal  convoluted  tubes  which  open  into  the  intestinal 
canal  of  insects,  generally  in  pairs,  at  a  variable  distance  from  the 
mouth  and  anus,  but  always  below  the  dilated  part  of  the  ci^l 
which  is  supposed  to  be  the  stomach,  have  been  called  biliary  vessels. 
They  do  not,  however,  contain  bile;  but  according  to  Chevreul*  and 
Audouin,  {V Institute  135,)  uric  acid:  besides,  they  secrete  very 
actively  during  the  development  of  the  pupa,  when  no  food  is  di« 
gested.  They  are,  therefore,  evidently  excreting  organs,—- vow  t<r»- 
naria.  They  open  into  the  canal  below  the  part  where  the  chyle  is 
formed,  and  in  larvas  often  but  a  short  distance  from  the  anus.  I 
am,  on  the  other  hand,  inclined  with  Meckel  {MeckePt  Archiv. 
1826,)  to  regard  as  true  biliary  organs  those  caeca  which  are  met 
with  in  many  insects  opening  into  the  intestinal  canal  higher  up, 
either  into  the  membranous  stomach  which  succeeds  the  gizzard  in 
the  carnivorous  Coleoptera,  or  into  the  part  of  the  canal  just  below 
the  gizzard,  as  in  many  Orthoptera,  &c.  In  the  Arachnida, — ^for 
example,  in  the  scorpion, — there  are  true  biliary  vessels  opening  into 
the  upper  part  of  the  intestine,  and  other  Malpighian  or  excreting 
tubes  at  the  lower  partt 

h  the  bile  secreted  from  arterial  or  venatis  blood? — The  liver  of 
vertebrate  animals  receives  two  kinds  of  blood — arterial  and  venous; 
the  sources  whence  the  venous  blood  carried  to  the  liver  by  the 
vena  portae  is  derived,  have  been  already  mentioned.  The  distributioa 
of  the  miuute  branches  of  the  blood-vessels  in  the  liver  to  be  hereafter 
described,  and  the  arguments  then  stated,  will  render  improbable  Mr. 
Kiernan's  opinion,  tluit  the  branches  of  the  hepatic  artery  do  not  con- 
tribute to  the  formation  of  one  and  the  same  general  capillary  network 
with  the  portal  and  hepatic  veins,  but  are  distributed  solely  to  the 
coats  of  the  ducts,  gall-bladder,  and  the  other  blood-vessels;  the  blood 
carried  by  the  artery  after  nourishing  these  parts  being,  according  to 
his  view,  poured  into  branches  of  the  portal  vein.  Mr.  Kiernan  be- 
lieves the  bile  to  be  secreted  from  venous  blood,  while  the  arterial 
blood  serves  for  the  nourishment  of  the  tissues  of  which  the  liver  is 
constituted,  and  for  the  secretion  of  the  mucus  in  the  gall-bladder 
and  in  the  ducts  by  the  follicles  which  he  has  discovered  in  them. 

But  the  possibility  of  bile  being  secreted  from  arterial  blood  is 
demonstrated  by  the  cases  in  which  the  vena  portae  enters  the  vena 
cava  directly  instead  of  being  distributed  through  the  liver.  Mr.  Aber- 
nethy  (Philos.  TVans.  1793,)  observed  this  anomalous  structure  in 
a  male  child  ten  months  old;  and  Mr.  Lawrence  {Medico^hirurgu 
cal  Transact,  v.  p.  174,)  has  detailed  a  case  in  which  the  same  nud- 
formation  existed  in  a  child  several  years  of  age.  In  Mr.  Abernethy's 
case,  however,  the  umbilical  vein  was  still  pervious,  and  branched 

*  Straass-Daerckheim's  Considerations  Gr^nteles  snr  rAnatomie  des  Animanz 
Artie.    Paris,  1828, 4,  851. 
t  See  J.  Muller  de  Gland.  Penit.  Stmot.    Tab.  viiL  fig.  8. 
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out  in  die  mtelaiiee  of  die  liven  it  is  possible*  dierefore.  as  2^Ir. 
Kieniaii  lemario,  dnt  the  arterial  blood,  after  having  nourished  the 
liver,  was  poaied  into  the  branches  of  the  umbilical  vein,  just  as  it 
ii  in  the  normal  condition,  according  to  his  opinion,  poured  into 
branches  of  the  portal  vein:  and  the  secretion  of  bile  therefore  might 
still  have  been  derived  from  venous  blood.  [Kieman.  Philos, 
TirufUttct.  1833,  part  ii. 

AL  Simon  (Abu v.  BuIL  des  Sc.par  la  Soc.  PhilomaL  1S25.>  and 
Mr.  &  Phillips  {London  Medical  Gazette^  Apni  13,  IS33/  have 
inferred,  from  experiments  which  they  performed,  that  the  bile  is 
secreted  from  the  blood  of  the  portal  vein.  But  Mr.  Phillips  found 
that  after  the  vena  ports  had  been  tied,  the  secretion  of  the  bile  still 
oontioned,  though  in  diminished  quantity;  and  he  concludes,  there- 
fore, that  it  is  formed  both  from  arterial  and  venous  blood.  He  per- 
ceived no  change  in  the  biliary  secretion  when  the  hepatic  artery  was 


With  respect  to  the  quantity  of  bile^  we  have  some  observa- 
tions by  Schultz.  In  oxen  which  had  not  recently  taken  food,  he 
found  from  twelve  to  sixteen  ounces  of  bile  in  the  gall-bladder;  after 
digestion,  it  contained  from  two  to  four  ounces.    In  a  large  dog,  the 

Sail-bladder  contained,  after  a  fast,  five  drachms;  in  a  middle-sized 
og,  just  after  digestion  had  been  performed,  it  contained  only  two 
drachms  and  seventeen  grains. 

Properties  of  the  bite, — The  bile  is  a  fluid  of  a  green  colour,  bitter 
taste,  and  nauseous  smell.  The  bile  which  flows  from  the  liver  is  of 
A  lighter  colour:  that  obtained  from  the  gall-bladder  is  less  fluid  and 
greener,  on  account  of  the  more  fluid  part  having  been  absorbed; 
tad  it  is  more  viscid,  owing  to  its  containing  mucus.  It  contains 
whitish  or  gray  particles,  which  in  the  frog  I  found  irregular  in  form 
and  size.  They  were,  in  the  mean,  five  times  smaller  than  the  red 
particles  of  the  animal's  blood,  others  were  more  minute.  Accord- 
ing to  Henle,  these  are  particles  of  epithelium,  the  more  elongated 
bodies  being  derived  from  the  surface  of  the  excretory  duct;  those 
which  more  nearly  approach  the  globular  form,  from  the  biliary 
secreting  canals.  The  matter  which  gives  to  the  bile  its  green  colour 
is  in  solution.  Bile  is  stated  by  Schultz  to  be,  when  fresh,  always 
alkaline;  when  of  thick  consistence,  one  ounce  required  one  drachm 
of  acetic  acid  for  its  neutralisation;  when  the  bile  was  more  fluid,  the 
same  quantity  was  neutralised  by  i  or  ^  drachm  of  the  acid.  Schultz 
found  the  specific  weight  of  the  bile  of  the  ox  to  be  from  I  026  to 
1*030.  It  does  not  coagulate  at  the  boiling  temperature,  and  does 
not  dissolve  oils.  Werner  asserts  that  bile  added  to  the  blood  out  of 
the  body  prevents  its  coagulation, and  causes  the  red  colouring  matter 
to  become  dissolved  in  the  serum;  the  latter  statement,  however,  is 
incorrect. 

The  results  of  Berzelius's  analysis  of  the  bile  qf  the  ox^  in  1S07, 
are  as  follows: — 

Of  bile  evaporated  to  the  consistence  of  an  extract,  alcohol  dis- 
solves all  but  a  yellowish  grey  substance,  which  resembles  in  every 
respect  the  mucus  of  the  gall-bladder.    The  alcoholic  solution  being 
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2.  Cholesterine;  the  component  of  the  gall-stones,  shown  to  be  an 
ingredient  of  fresh  bile  by  Chevreul,  and  obtained  from  it  by  means 
of  ether.  It  is  found  in  other  parts  of  the  body, — according  to  Boa- 
det,  in  the  blood;  but  it  is  generally  a  morbid  product;  thus  it  is 
found  in  the  fluid  of  local  dropsies,  such  as  hydrocele,  and  in  medul- 
lary fungus. 

3.  Elaic  acid. 

4.  Stearic  acid. 

5.  Cholic  acid,  a  new  substance,  which  crystallises  in  fine  acicular 
crystals  of  a  sharp  sweet  taste,  and  is  soluble  in  alcohol.  It  contains 
nitrogen. 

6.  Biliary  resin,  which,  according  to  Gmelin,  contains  no  nitrogen. 

7.  Taurine,  a  new  substance,  which  crystallises  in  large  colourless, 
transparent,  irregular,  six-sided  prisms,  with  four  or  six-sided  sum- 
mits, is  soluble  in  water,  and  contains  a  small  quantity  of  nitrogen. 

8.  Picromel.  Thenard's  picromel  is  a  thick  fluid,  like  turpentine. 
Gmelin's  picromel  is  opaque,  consists  of  crystalline  granules,  and 
contains  a  large  proportion  of  nitrogea  Gmelin  believes  that  the 
substance  which  Thenard  called  picromel  was  a  compound  of  that 
substance  with  resin. 

9.  Colouring  matter  of  the  bile;  a  substance  containing  nitrogen, 
which  is  recognised  even  when  it  is  present  in  other  fluids,  such  as 
the  blood  and  urine  in  jaundice,  by  the  addition  of  an  equal  quantity 
of  nitric  acid,  striking  a  greenish,  then  a  dark  green,  a  dirty  red,  ana, 
lastly,  a  brown  colour. 

10.  Osmazome.  11.  A  substance  which,  when  heated,  gave  out 
a  urinous  odour.  12.  A  substance  like  vegetable  gluten.  13.  Al- 
bumen. 14.  Mucus  of  the  gall-bladder.  15.  Casein.  16.  Salivary 
matter.  17.  Bicarbonate  of  soda.  18.  Carbonate  of  ammonia.  19. 
Acetate  of  soda.  20 — 26.  Salts  of  elaic,  stearic,  cholic,  sulphuric, 
and  phosphoric  acids,  with  potash  and  soda,  chloride  of  sodium  and 
phosphate  of  lime. 

In  human  bik  Gmelin  found  cholesterine,  biliary  resin,  picromel, 
and  elaic  acid.  Chevreul,  Chevalier,  and  Lassaigne  have  also  de- 
tected picromel  in  human  bile;  and  Orfila,  Laugier,  and  Caventou 
obtained  it  from  human  gall-stones.  Besides  the  substances  just 
mentioned,  Frommherz  and  Gugert  {Schtveigger^s  Journal j  50,  68,) 
have  found  in  hufnan  bile  colouring  matter,  salivary  matter,  casein, 
osmazome,  salts  of  elaic,  cholic,  stearic,  carbonic,  phosphoric  and 
sulphuric  acids,  with  soda  and  a  little  potash,  and  phosphate,  sul- 
phate, and  carbonate  of  lime. 

Berzelius  suggests  that  the  bile,  in  the  natural  state,  is  perhaps  a 
more  simple  fluid  than  would  appear  from  the  analytic  results  ob- 
tained by  chemists,  and  that  it  very  probably  contains  the  albumi- 
nous matters  of  the  blood,  certainly  in  an  altered  state,  but  combined 
with  the  same  salts  as  in  the  blood  itself;  he  supposes,  however, 
that  the  substance  which  these  albuminous  matters  compose,  has  so 
great  a  tendency  to  undei^o  changes  in  its  composition,  that  the 
action  of  different  re-agents  upon  it  converts  it  into  difierent  com- 
pounds, varjring  aocordmg  to  the  processes  employed  to  extract  them. 
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exactly  as  oils  and  jhts  are  converted  into  sugar  and  fatty  acids  by 
the  action  of  the  oxides  of  lead  and  zinc.  M.  Demarcay  ( Comptea 
JRenduSf  1838 1.  L  p.  199,)  has  recently  revived  the  old  notion  that  the 
bile  is  a  substance  of  a  saponaceous  nature.  It  is,  according  to  his  ana- 
lysis,  a  compound  of  soda  with  an  oily  organic  acid  (chol6ic  acid), 
which  is  obtained  by  the  action  of  dilute  hydrochloric,  sulphuric,  or 
phosphoric  acid  on  bile  of  the  ox.  By  boiling  this  chol6ic  acid  with 
dilute  hydrochloric  acid,  M.  Demarcay  produces  the  taurine  of 
Gmelin,  and  another  acid,  which  he  names  the  choloidic;  while  the 
alkalies  decompose  his  chol^ic  acid  into  ammonia  and  the  cholic  acid 
of  Tiedemann  and  Gmelin.  The  main  facts  stated  by  M.  Demarcay 
are  admitted  as  correct  by  MM.  Pelouze  and  Dumas.* 

Schultz  considers  the  coagulum  produced  in  bile  by  the  addition 
of  alcohol  to  be,  not  albumen,  but  a  substance  similar  to  salivary 
matter;  since  bile  does  not  coagulate  under  the  influence  of  heat. 
The  alcoholic  solution  of  bile  evaporated  to  dryness  had  still  an 
alkaline  reaction;  but  Schultz  diflfers  from  most  chemists  in  believing 
this  alkalinity  to  be  owing  to  the  presence,  neither  of  carbonates  of 
the  fixed  alkalies,  nor  of  ammonia,*— for  the  fluid  obtained  by  distil- 
lation has,  he  says,  no  alkalescence, — but  of  an  organic  alkali  similar 
to  tlie  vegetable  alkaloids,  which  he  supposes  to  exist  in  the  bile  in 
combination  with  elaic  acid.  The  coagulum  produced  by  acids  like- 
wise he  regards,  not  as  albumen,  but  as  a  precipitate  of  the  alkaloid 
with  the  acid.  The  substance  which  be  obtained  by  the  action  of 
acetic  acid,  however,  was  evidently  the  mucus  of  the  gall-bladder, 
which  is,  according  to  Berzelius,  precipitated  from  the  bile  by  acetic 
acid;  and  Schultz  himself  remarks  that  the  bile  still  retained  in  solu- 
tion a  bitter,  or  sweetish  bitter  substance.t 

Bile  qf  serpenU  and  Jiahes. — The  bile  of  serpents  was  found  by 
Berzelius  to  contain  a  peculiar  substance,  which  is  precipitated 
neither  by  acids  nor  by  alkalies,  and  which  difiers  from  the  <<  biliary 
matter"  of  warm-blooded  animals  in  not  being  decomposed  into 
picromel  and  biliary  resin  by  acetate  of  lead. 

The  bile  cf  Cruslctcea  and  Mollusca  has  not  been  examined. 

Discharge  of  the  bile, — The  gall*  bladder  of  vertebrate  animals  is 
developed  as  a  diverticulum  or  protrusion  from  the  efierent  duct. 
(See  J.  Miilleryde  Gland,  Penit,  Struct,)  In  man  and  many  Mam- 
malia the  flow  of  the  bile  into  the  intestine  can  be  arrested  either  by 
the  intestinal  opening  of  the  ductus  choledochus  being  closed,  or  by 
prolonged  contraction  of  the  duct  itself;  and  the  bile,  poured  by  the 
hepatic  duct  into  the  ductus  choledochus  communis,  is  thus  made  to 
regurgitate  into  the  cystic  duct  and  gall-bladder.  It  is  more  particu- 
larly during  fasting  that  this  takes  place.  In  many  animals,  how- 
ever, the  gall-bladder  receives  bile  by  other  hepatic  ducts,  which 
enter  at  its  neck  or  at  its  fundus,  and  are  called  <*  ductus  hepatieo- 
cystici:"  they  do  not  exist  in  the  human  subject;  but  in  birds  they 

*  Report  on  the  paper  of  M.  Demarcay,  Comptea  Rendua,  1838,  t.  ii.  p.  485. 

t  The  account  of  the  chemical  composition  ot  the  bile  has  been  abrid^d  by  the 
translator.  For  the  ehemical  details  of  the  different  analyses  he  refers  to  the  work 
of  BerzeUus  on  organic  chemistry* 
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are  the  only  means  by  which  bile  can  reach  the  gall-bladder,  for  the 
hepatic  duct  opens  into  the  duodenum  without  joining  the  cystic 
duct.  In  reptiles  the  bile  is  carried  into  the  gall-bladder  by  branches 
of  the  hepatic  duct.  In  fishes  all  the  hepatic  ducts  coming  from  the 
different  lobes  enter  the  gall-bladder  or  its  duct.  In  the  ox,  which  is 
said  by  Rudolphi  {Physiologies  ii  pt.  ii.  p.  153.)  to  be  the  only  one 
of  the  domestic  animals  in  which  the  hepatico-cystic  ducts  exist;  they 
are  from  eight  to  ten  in  number. 

Many  animals— among  Mammalia,  birds,  and  fishes — have  no 
gall-bladder.  (See  Cuvier^s  Legons  d^jlnatomie  Comparie.)  There 
seems  to  be  no  general  law  for  its  presence  or  absence,  although  the 
species  in  which  it  is  wanting  are  for  the  most  part  herbivorous,  and 
are  animals  in  which  digestion  is  constantly  going  on;  yet  very  many 
vegetable  feeders  are  provided  with  a  gall-bladder.  When  the  gall- 
bladder is  wanting,  the  duct  is  frequently  very  much  dilated;  such  is 
the  case,  for  example,  in  the  horse. 

4.  The  pancreatic  secretion. — We  may  almost  regard  the  pancreas 
as  an  organ  belonging  exclusively  to  the  vertebrate  classes  of  animals; 
the  two  light-red  lobulated  glands  attached  to  the  biliary  ducts  in  the 
Loligo  sagittala,  pointed  out  by  Dr.  Grant  {Froriep^s  Notiz,  xi.  182,) 
to  be  analogous  to  a  pancreas,  are  the  only  exception.  The  pancreas 
is  not  constant  in  the  class  of  fishes;  it  is  in  some  entirely  wanting; 
in  others  its  place  is  supplied  by  caeca,  called  appendices  pyloricse, 
which  vary  in  number  and  arrangement,  becoming  more  and  more 
divided  as  they  are  traced  through  different  genera;  until  in  the  sharks 
and  rays  they  are  replaced  by  a  solid  gland. 

The  secretion  of  the  pyloric  caeca  of  fishes  is  adhesive,  and  ac- 
cording to  the  observations  of  Swammerdam,  and  of  Tiedemann 
and  Gmelin,  is  not  acid  or  only  very  slightly  so.  The  pancreas  has 
been  wholly,  or  in  greater  part,  destroyed  in  dogs,  without  their 
digestion  or  general  health  suffering.  Only  in  a  few  instances  was 
greater  voracity  observed  after  the  operation,  (^utenriethj  Phy- 
siol ii.  69.) 

The  examination  of  the  pancreatic  secretion  of  the  higher  ani- 
mals has  been  recently  undertaken  by  Mayer,  Magendie  and  Tiede- 
mann and  Gmelin.  Mayer  {MeckeVs  Archiv.  iii.  p.  170,)  obtained 
it  in  some  quantity  from  a  vesicular  reservoir  in  which  it  had  col- 
lected in  the  cat;  he  found  it  alkaline  and  transparent.  M.  Ma- 
gendie* describes  the  pancreatic  secretion  of  the  dog  as  a  yellowish 
fluid,  without  smell,  of  a  saline  taste,  alkaline  and  coagulable  by 
heat,  like  that  of  birds.  Tiedemann  and  Gmelin  collected  the  se- 
cretion of  the  pancreas  in  a  large  dog  by  means  of  a  tube  introduced 
through  an  incision  into  the  duct.  A  drop  issued  every  six  or  seven 
aeconds,  and  nearly  ten  grammes,  (about  two  drachms  and  a  half,) 
were  obtained  in  four  hours.  It  was  clear,  though  somewhat  opaline, 
ropy,  like  white  of  egg  in  water,  and  had  a  slightly  saline  taste. 
They  obtained  some  in  the  same  manner  from  the  sheep  and  horse. 
In  all  three  cases  the  fiuid  which  first  flowed  was  acid;  the  latter 

*  Pbysiologie,  t  ii.  p.  367.    Dr.  MiUigan's  traoslatioo,  fourth  edition,  p.  461. 
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portions  only  were  slightly  alkaline  in  the  dog  and  horse.  M.  A. 
Schultz  found  the  pancreatic  secretion  of  the  dog,  cat,  and  horse, 
acid;  once  only,  in  the  dog,  it  was  neutral.  The  comparative 
analysis  of  the  secretion  in  the  dog,  sheep  and  horse,  aflforded  Gmelin 
the  following  results:— The  pancreatic  secretion  contains  a  large 
quantity  of  albumen;  while  no  sulphocyanic  acid  salts,  which  the 
saliva  is  said  to  contain,  can  be  detected  in  it.  The  solid  matter 
which  it  holds  in  solution  amounts  in  the  dog  to  8*72  per  cent.;  ia 
the  sheep,  to  from  four  to  five  per  cent.  The  different  solid  ingre- 
dients are: 

1.  Osmazome;  2.  a  matter  which  is  reddened  by  chlorine,  and 
which  is  found  only  in  the  dog  and  sheep;  3.  a  substance  resembling 
casein,  combined  probably  with  salivary  matter;  4.  a  large  quantity 
of  albumen,  amounting  to  about  half  of  the  dry  residuum;  5.  a  very 
small  proportion  of  free  acid,  probably  acetic  acid. 

The  ashes  left  after  calcination  of  the  dried  evaporated  secretioo 
amounted  in  the  dog  to  8.28  per  cent.,  in  the  sheep  to  29.7  per  cent.; 
it  contained  the  following  soluble  salts:  1.  carbonate  of  potash,  which 
is  probably  in  the  state  of  acetate  in  the  secretion  (found  in  the  dog 
and  sheep);  2.  abundance  of  alkaline  muriate;  3.  a  small  quantity  of 
alkaline  phosphate  (in  the  dog  and  sheep);  4.  a  very  small  quantity 
of  alkaline  sulphate,  of  which  the  base  was  in  greater  part  soda  than 
potash  (also  in  the  dog  and  sheep).  The  insoluble  salts  contained  in 
the  ashes  were  small  quantities  of  carbonate  and  phosphate  of  lime. 
A  comparison  of  the  pancreatic  juice  with  the  saliva,  founded  on 
the  data  furnished  by  the  above  excellent  analyses  of  the  pancreatic 
secretion,  gives  the  following  results: — The  saliva  contains  mucus 
and  salivary  matter;  the  pancreatic  juice,  on  the  other  hand,  contains 
an  abundance  of  albumen  and  casein,  no  mucus,  and  Uttle  or  no  real 
salivary  matter:  saliva  is  alkaline;  the  pancreatic  secretion,  while 
fresh,  is  acid.  The  saliva  of  the  sheep  contains  a  small  quantity  of 
sulphocyanate  of  an  alkali  (?);  the  pancreatic  juice,  none.  The 
other  salts  are  about  the  same  in  both.  ( THedemann  and  Gmelifij 
loc.  cit.) 

Leuret  and  Lassaigne  obtained  three  ounces  of  secretion  from  the 
pancreas  of  a  living  horse  in  half  an  hour.  It  was  clear,  had  a  saline 
taste,  an  alkaline  reaction,  and  contained  only  xV  P©'  cent,  of  solid 
constituents,  which,  after  an  examination  apparently  superficial,  they 
concluded  to  be  the  same  as  those  of  saliva.  The  statement  of  their 
analysis  is  as  follows: — Water,  99*0:  animal  matter  soluble  in  alcohol, 
animal  matter  soluble  in  water,  traces  of  albumen,  mucus,  free  soda, 
chloride  of  sodium,  chloride  of  potassium,  and  phosphate  of  lime, 
00-9. 

The  small  quantity  of  secretion  which  Krause  {Muller^s  Jlrchiv. 
1837,  p.  17,)  was  able  to  obtain  from  the  pancreatic  duct  in  the  body 
ofa  man  who  was  drowned  while  digesting  a  full  breakfast,  and 
who  was  examined  very  soon  after  death,  was  colourless  and  clear, 
of  the  consistence  of  white  of  egg  thinned  with  water,  and  neutral, 
and  contained  yellowish  transparent  globules  about  ^^  ofa  line  in 
diameter.  Acetic  acid  produced  in  it  a  whitish  cloud  and  partial 
coagulation  which  was  increased  by  moderate  heat. 
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5.  Intestinal  secreiion:  succus  eniericus  vel  inteslinalis. — The 
secretion  of  the  intestines  tias  been  examined  by  Tiedemanti  and 
Gmelin  in  animals  which  had  fasted  for  some  time.  In  dogs  the  inner 
surface  of  the  mucous  membrane  was  found  covered  with  a  thin 
layer  of  a  very  consistent,  whitish,  and  somewhat  yellowish  matter; 
the  intestines  contained  very  little  bile.  If  flint  pebbles,  or  pepper- 
corns, had  been  previously  swallowed,  there  was  a  larger  quantity 
of  a  thin  ropy  mucus,  and  more  bile.  The  mucous  mass  became 
more  consistent  towards  the  lower  part  of  the  small  intestines,  ac- 
quired a  yellowish  or  yellowish-brown  colour,  and  contained  green- 
ish-yellow or  yellowish-brown  flakes,  which  consisted  of  intestinal 
mucus,  biliary  mucus,  with  the  resins,  fatty  matter,  and  colouring 
matter  of  the  bile.  The  mucous  fluid  in  the  upper  third  or  upper 
l^alf  of  the  small  intestines  of  the  dog  and  horse,  contained 

1.  Some  free  acid  (lower  down  in  the  canal  the  secretion  was  for 
the  most  part  neutral,  and  in  the  horse  contained  bicarbonate  of 
soda). 

2.  Albumen,  in  considerable  quantity, — probably  derived  from  the 
pancreatic  juice. 

3.  (In  the  horse)  a  matter  similar  to  casein. 

4.  (In  the  same  animal)  a  substance  precipitated  by  muriate  of 
tin, — probably  salivin  and  osmazome. 

5.  (Also  in  the  horse)  a  matter  which  was  reddened  when  acted 
on  by  chlorine  or  oxymuriate  of  mercury. 

6.  A  small  quantity  of  biliary  resin. 

7.  (In  |he  upper  part  of  the  small  intestine  of  the  horse)  a  feebly 
acid  substance  which  contained  nitrogen. 

8.  The  usual  salts  of  the  animal  fluids. 

The  mucus  of  the  caecum  in  dogs  was  always  acid.  In  the  horse, 
on  the  contrary,  it  contained  bicarbonate  of  soda. 

Viridet  {De  Primd  Coctione)  had  previously  observed  that  in  the 
rabbit  the  caecum  evinced  the  same  acid  reaction  as  the  stomach. 

Schultz  has  instituted  some  further  experiments  relative  to  the 
acid  secretion  of  the  caecum.  He  found  that,  when  the  animals  had 
ftsted,  the  fluid  in  the  caecum  was  more  frequently  alkaline  or  neu- 
tral, although  at  other  times,  and  during  digestion,  it  was  acid;  this 
difference  he  supposed  to  arise  from  the  bile  reaching  the  caecum 
daring  fasting  and  neutralising  the  acid.  It  was,  however,  chiefly 
in  herbivorous  animals,  which  have  a  long  caecum,  that  he  met  with 
the  acid  reaction;  in  the  carnivora,  in  which  the  caecum  is  less  de- 
veloped, there  was  generally  no  acidity.  Two  ounces  of  chyme 
taken  from  the  stomach  of  a  rabbit  which  had  been  fed  with  potatoes 
and  grass,  and  was  opened  two  hours  and  a  half  after  death,  re- 
qaireKi  for  saturation  three  ounces  and  a  half  of  ox's  bile:  to  neu- 
tralise one  ounce  of  the  contents  of  the  caecum  of  the  rabbit  five 
drachms  of  bile  were  required.  Eighteen  ounces  of  chyme  from  the 
stomach  of  a  horse  required  fifteen  grains  of  carbonate  of  potash,  or 
two  ounces  and  a  half  of  bile  of  the  ox  to  one  ounce  of  the  chyme; 
while  for  one  ounce  of  the  contents  of  the  caecum  five  ounces  of  bile 
were  necessary.    The  chyme  from  the  stomach  of  a  hog  required 
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for  saturation  from  1*04  to  1*11  per  cent,  of  carbonate  of  potash;  the 
contents  of  the  caecum^  on  the  other  hand,  required  only  0*78  per 
cent. 


CHAPTER  V. 

OF  THE  CHANGES  WHICH  THE  FOOD  UNDERGOES  IN  THE  ALIMENTARY 

CANAL. 

Before  the  solution  of  the  food  can  take  place*  it  is  necessary  that 
the  different  substances  which  are  used  as  aliment  should  lose  their 
organic  structure  and  cohesion;  and  this  is  effected  principally  by 
mastication.  The  comminution  of  the  food  is  performed  either  in 
the  mouth, — or  in  the  pharynx,  where  pharyngeal  teeth  exist,  as  in 
fishes, — or  in  the  stomach  itself,  which  then  has  either  cartilaginous 
parietes,  as  in  the  granivorous  and  insectivorous  birds;  or  teeth,  as 
in  some  Crustacea,  insects  and  mollusca.  Mastication,  and  the  sub- 
sequent stage  of  the  digestive  process,  may,  in  fact,  be  compared 
with  the  usual  chemical  operations;  it  is  not  necessary  to  ascribe  any 
share  in  them  to  organic  influence.  The  chemist  reduces  to  powder 
the  substances  which  he  wishes  to  dissolve,  or  from  which  he  desires 
to  extract  a  particular  ingredient,  and  then  digests  them  in  the  sol- 
vent menstnmm;  a  similar  digestion  is  performed  in  the  crop  of  birds 
and  in  the  stomach.  After  the  soluble  portion  has  been  dissolved, 
the  chemist  separates  it  by  filtration;  and  in  the  digestive  process, 
after  the  trituration  and  solution,  there  is  likewise  a  separation  of  the 
dissolved  from  the  insoluble  parts. 

a.  Change  effected  by  the  saliva, — The  saliva  prepares  the  food 
mechanically  for  deglutition;  whether  it  contributes  in  any  degree 
to  the  solution  of  the  food,  and  what  share  its  components  have  in 
the  production  of  the  chemical  change  in  the  stomach,  are  unknown: 
but,  since  fishes  and  Cetacea  are  not  provided  with  the  salivary  se- 
cretion, it  does  not  appear  to  play  an  important  part  in  the  process. 
Spallanzani  and  Reaumur  stale,  as  the  result  of  their  experiments, 
that  food  inclosed  in  perforated  tubes,  and  introduced  into  the  stomach 
of  animals,  was  more  quickly  digested  when  it  had  been  previously 
impregnated  with  saliva  than  when  it  was  merely  moistened  with 
water.*  Tiedemann  and  Gmelin,  too,  believe  that  the  carbonates, 
acetates,  and  muriates  of  potash  and  soda,  which  enter  into  the  com- 
position of  the  saliva,  give  it  a  solvent  property,  although  a  slight 
one.(?)  Berzelius,  on  the  other  hand,  observes,  that  saliva  alone  has 
no  more  action  on  alimentary  substances,  dissolves  no  greater  part 
of  them,  than  pure  water;  and  I  must  confess  that  I  have  perceived 
scarcely  any  difference  between  the  action  of  saliva  and  that  of 
water  on  meat,  in  experiments  instituted  for  the  purpose  of  compari- 

*  Spallanzani,  Versuche  iiber  das  Verdauangfsgeschaft.     Leipz.  1785. — Expe- 
riences sur  la  digestion,  par  Sennebier.    Gendve,  1783. 
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son;  while  those  instituted  by  Dr.  Beaumont  and  Purkinje  {Isis,  1838. 
No.  70  rather  tended  to  show  that  saliva  retards  the  solvent  action 
of  the  gastric  juice. 

With  the  so-called  dynamic  effects  of  the  saliva  I  am  wholly  unac- 
quainted. Nor  does  the  saliva  appear  to  act  by  destroying  the  pecu- 
liar organic  properties  of  the  alimentary  substances.  The  action  of 
the  poisonous  secretion  of  serpen ts,  and  of  the  saliva  of  rabid  animals, 
might  induce  a  belief  in  the  saliva  having  such  properties,  were  it 
not  that  the  glands  which  secrete  the  poison  in  the  poisonous  serpents 
are,  as  I  have  already  remarked,  distinct  from  the  salivary  glands, 
which  are  present  in  addition  to  the  poisonous  glands, — these  latter 
being  special  instruments  of  offence.  The  infectious  principle  of 
rabies,  too,  is  not  a  property  of  the  saliva  alone,  but  is  possessed  by 
ail  the  fluids  of  the  body  of  the  rabid  animal.^ 

The  only  fact  favourable  to  the  opinion  that  the  saliva  has  a  share 
in  the  chemical  process  of  digestion  in  the  stomach,  is  that  observed 
by  Leuchs,  {Kastner^a  Jirchiv,  1831,)  and  confirmed  by  Schwann 
and  Sebastian  {Van  Setteny  Diss,  de  saliva,  Groning.  1837,) — 
namely,  that  saliva  has  the  property  of  changing  starch  into  sugar. 
And  this  fact  is  interesting,  inasmuch  as  starch  is  in  the  stomach 
converted  into  gum  of  starch,  and  gradually  into  sugar. 

b.  Change  which  the  food  undergoes  in  the  stomachy — action  of 
the  gastric  juice, — The  fluids  taken  into  the  stomach  are  for  the 
most  part  absorbed  from  it,  and  do  not  even  pass  the  pylorus.  The 
solids  are,  with  the  exception  of  the  insoluble  parts,  reduced  to  a 
substance  called  chyme,  which  is  in  part  quite  fluid,  in  part  consists 
of  globules*  The  formation  of  chyme  is  described  by  most  observers 
to  go  on  solely  at  the  surface  of  the  food  which  is  in  contact  with  the 
coats  of  the  stomach;  but  Dr.  Beaumont  observed  in  his  numerous 
experiments,  that  the  gastric  juice  acts  at  the  same  time  on  each  and 
every  particle  of  food  in  the  stomach,  and  not  merely  on  the  surface 
of  the  whole  mass. 

Observations  relative  to  the  changes  which  the  food  undergoes  in 
digestion,  and  to  the  time  occupied  by  these  changes,  have  been  in- 
stituted by  Gosse,  who  for  that  purpose  excited  artificial  vomiting  in 
his  own  person;  (his  experiments  are  detailed  by  Spallanzani,)  by 
Spallanzani,  Stevens,  {De  •Aliment,  Concoct.  Edinb.  1777,)  Tiede- 
mann  and  Gmelin,  and  Schultz,  on  animals;  and  lastly,  by  Dr.  Beau- 
mont in  far  greater  number  than  by  any  other  physiologist  on  the 
human  subject. 

Spallanzani  introduced  a  tube  filled  with  bread  into  the  stomach 
of  a  cat;  in  five  hours  the  bread  was  partly  dissolved;  and  for  the 
solution  of  meat  nine  hours  were  required.  Even  cartilages  and 
bone  contained  in  tubes,  and  tendons  inclosed  in  linen,  were  after  a 
longer  period  softened  or  dissolved. 

Tiedemann  and  Gmelin  having  given  dogs  boiled  white  of  egg  to 
eat,  and  killed  the  animals  four  hours  afterwards,  found  the  particles 

*  Hertwig^s  Beitrage  zar  naheren  Kentniss  der  Wothkrankheit.  fieri.  1839, 
p.  166,  160. 
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of  that  substance  in  part  dissolved.  Fibrin  in  the  same  space  of  time 
had  become  swollen  with  moisture,  and  was  partly  converted  into 
albumen,  which  was  in  solution.  They  found  also  that  animal  gela- 
tin loses  by  digestion  in  the  stomach  its  property  of  gelatinising  spoD- 
taneously,  and  its  peculiarity  of  being  precipitated  in  shreds  by  chlo- 
rine. Cheese  was  dissolved  without  being  converted  into  albumen. 
Boiled  starch  was  in  the  course  of  a  few  hours  converted  into  gum 
of  starch  and  sugar.  Vegetable  gluten,  which  is  insoluble  in  acetic 
and  muriatic  acids,  was  found  unaltered  after  having  been  in  the 
stomach  five  hours.  Milk  was  coagulated;  the  whey  being  then 
removed  by  absorption,  while  the  curds  were  redissolved.  Raw 
beef,  after  having  been  four  hours  in  the  stomach,  was  found  covered 
with  a  brown,  pulpy,  gelatinous  mass.  Cartilage  and  bone,  after 
being  digested  for  from  two  to  four  hours,  appeared  somewhat  soft- 
ened at  the  angles,  edges,  and  surface.  Bread  was  in  two  and  a 
half  hours  almost  completely  dissolved.  In  the  horse  the  food  seemed 
to  leave  the  stomach  in  a  state  less  advanced  towards  solution. 

Dr.  Beaumont  has  had  the  rare  opportunity  of  studying  during 
several  years  the  process  of  digestion  in  the  person  of  a  man  named 
St.  Martin,  in  whom  there  existed,  as  the  result  of  a  gunshot  wound, 
an  opening  leading  directly  into  the  stomach,  near  the  upper  ex- 
tremity of  the  great  curvature,  and  three  inches  from  the  cardiac 
orifice.  The  external  opening  was  situated  two  inches  below  the 
left  mamma,  in  a  line  drawn  from  that  part  to  the  left  spine  of  the 
ilium.  The  borders  of  the  opening  into  the  stomach,  i;^hich  was  of 
considerable  size,  had  united  in  healing  with  the  margins  of  the  ex- 
ternal wound,  but  the  cavity  of  the  stomach  was  at  last  cut  off  from 
the  exterior  by  a  fold  of  mucous  membrane  which  projected  from  the 
upper  and  back  part  of  the  opening,  and  closed  it  like  a  valve,  but 
could  be  pushed  back  by  the  finger.  If,  while  St.  Martin  lay  on  his 
back,  pressure  was  made  with  the  hand  in  the  situation  of  the  liver, 
and  the  body  turned  at  the  same  time  upon  the  left  side,  bile  flowed 
through  the  pylorus,  and  could  be  drawn  off  by  means  of  an  elastic 
gum  tube  introduced  into  the  stomach.  Sometimes,  too,  though 
rarely,  bile  was  found  mixed  with  the  gastric  juice  when  the  above 
manoeuvre  had  not  been  practised.  Chyme  was  obtained  from  the 
stomach  by  applying  the  hand  to  the  lower  part  of  the  epigastric 
region,  and  directing  pressure  upwards.  When  the  stomach  was 
full,  mere  pressure  upon  the  valvular  fold  which  closed  the  opening 
was  sufficient  to  cause  an  escape  of  the  contents.  The  stomach 
while  empty  could  be  explored  to  the  depth  of  five  or  six  inches  by 
artificial  distention.  The  food  and  drink  could  in  this  manner  be 
seen  to  enter  it. 

Dr.  Beaumont  has  kept  a  complete  journal  of  the  digestive  process 
in  this  man.  The  following  table  shows  the  time  required  for  the 
digestion  of  different  kinds  of  food,  which  were  taken  with  bread  or 
vegetables,  or  both. 
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Articlet  of  diet 


i 


Tripe,  loiMed 
Pig'f  feet,  do. 
Veoitoo  steak, 

fresh 
Codfish,  dry 
Breed  and  milk 
Turkey 
Goose,  wild 
Pijt  young 
Hashed    meat   } 
and  fegetaUes  \ 

Oysters 


Beef;  fresh,  fat, 
and  lean 


i 


Beef;  salted 


Pork,  recently 
salted 


i 


Pork,  fresh 


Mode  of 
cooking. 


fried 
boiled 

broiled 

boiled 

cold 

roasted 


warm 

raw 

stewed 
raw 

stewed 

roasted 

broiled 


boiled 


roasted 
broiled 


MeaL 


breakfast 


dinner 


breakfast 
dinner 


breakfast 
dinner 


dinner 


breakfast 


dinner 

breakfast 

sapper 

breakfast 

dinner 

breakfast 

dinner 


breakfast 


dinner 

breakfast 

dinner 


breakfast 


Exercise. 

Rest 

Moderate 

Increased 

h.  m. 
1     0 
1    0 

h.  m. 

h.  ro. 

1  35 

2    0 
2    0 
2  30 
2  30 
2  30 

2  30 

2  45 

.     . 

•    • 

3  30 
3    0 
3    0 
3  30 

•    • 
.    * 

3  30 

3    0 

2  45 

3  0 

.     . 

3  45 

— 

3  30 

*    * 

4    0 

•    . 

.    • 

— 

3  30 

3  38 

.    . 

.    • 

— 

.    • 

4    0 

— 

■    . 

4  30 

3  30 

3*30 

5  30 
3  30 

4    0 
4  15 

4  15 

5  15 

4  30 

5  15 

.    . 

.    . 

6    0 

.    • 

.    . 

4  30 
4  30 
4  30 
4  30 

4    0 
3  30 

6  30 

.    • 

.    . 

3  15 
430 

Remarks. 


C  oysters  sqs« 
<  pended  in  the 
f  stomsch. 
f  nothing  but  a 
I  little  diT  bread 
'I  or  cracker 
I  taken  at  these 
t  meals. 


exercise  till 
faligaed. 
morbid  ap- 
pearance of 
stomach. 

!  large  propor- 
tion of  fat 
ditta 
C  ditto,  end  in 
<  recumbent 
f  position. 


became  angry 
during  the 
experiment 
unusually  fhll 
meaL 


ionnsaaDy  fbU 
meaL 


juonnov  or  DirFumrr  BtnaMsass. 


Articto  (rf'  diet. 

Uodaof 
cookiar. 

BCatl. 

EKarei.. 

Reat 

Remarka. 

nodertu 

HH^fi 

h.in. 

b.n). 

h.  ra. 

HdUod,  r>t  U>i  i 
lean                  % 

roMled 

dioner 

3  IS 

brmlad 

braaUkat 

3    0 

330 

CD»rUd 





~ 

430 

ir^-' 



diuatr 

4    0 



breakfut 

430 

Eff 

hard.bmlad 



3  30 

>tn>d,«hrml 



3    0 

lm.ri>d 



diDoer 

530 

■    • 

rar" 



. 

breaklut 

330 

'sr^ 

aoft-boiled 

dinaer 

3    0 

Willi  K>ft- 

S..«ge. 

broiEed 

break&it 

330 

MM^p. 

"" 

dinner 

3    0 

ES^S* 

Triad 

brMklait 

4    0 

dl«.n..paM 

5    0 

in  tlM  ■b»i»di 

bioilad 

330 

morbid  tp. 
peannceoT 
atomacbalao. 
fuUmeaI,M- 

4  15 

meeiereiae. 
with  br«ad  and 

Fowl.  ChM.) 

botlad 

4    0 
4    0 

coffao. 

with  bread  and 

— 7~ 



dinner 

water. 





4    0 

(moaliflbag 

Veal,  fre>h 

broilad 

brukfaat 

4    0 

3.u.pendedin 
/atomach. 





dinner 

4    0 





breakfkat 

4    0 

I  morbid 



dinner 

4  4S 

i  «Ppe«rM>ce  of 
f  alomach. 





bceakCut 

3  4S 

dinner 

430 

breaklail 

5  30 

dillo. 

Sonpmuleof    » 

mett  ind       > 

4    0 

Tcg«ublei      \ 

BreBd  bullercd,  1 

4  15 

ditto. 

with  cufTce     ( 

Brod  dry,  Willi  J 
coffeo              ( 

3  45 

Bread  dry,  with) 

dry  mubed    > 

dinner 

3  45 

pciuoM             S 

DB.  BBAUMOHT's  OBSSEYATIOirar  981 

We  transcribe  some  of  the  experiments  from  Dr.  Beaumont's 
journal  as  examples.    They  are  not  without  interest.* 

Second  series,  Exp.  33. — At  one  o'clock  St.  Martin  dined  on 
roast-beefy  bread  and  potatoes.  In  half  an  hour  examined  contents 
of  stomach,  found  what  he  had  eaten  reduced  to  a  mass  resembling 
thick  porridge.  At  two  o'clock  nearly  all  chymified, — a  few  distinct 
particles  of  food  still  to  be  seen.  At  half-past  four,  chymification 
complete.  At  six,  nothing  in  the  stomach  but  a  little  gastric  juice 
tinged  with  bile. 

Exp.  42. — April  7th,  8  am.  Breakfast  of  three  hard-boiled  eggs, 
pancakes,  and  coffee.  At  half-past  eight  o'clock,  examined  stomach, 
found  a  heterogeneous  mixture  of  the  several  articles  slightly  di- 
gested.   At  a  quarter  past  ten,  no  part  of  breakfast  in  the  stomach. 

Exp.  43. — At  eleven  o'clock,  same  day,  St.  Martin  ate  two  roasted 
eggs  and  three  ripe  apples.  In  half  an  hour  they  were  in  an  incipient 
state  of  digestion;  and  at  a  quarter  past  twelve  no  vestige  of  them 
remained. 

Exp.  44. — At  two  o'clock  P.M.  same  day,  dined  on  roasted  pig  and 
vegetables.  At  three  o'clock  they  were  half  chymified,  and  at  half- 
past  four  nothing  remained  but  a  very  little  gastric  juice. 

Third  series,  Exp.  18. — On  December  17,  half-past  eight  a.m.  two 
drachms  of  fresh-fried  sausage  in  a  fine  muslin  bag  suspended  in  the 
stomach  of  St.  Martin,  who  immediately  afterwards  breakfasted  on 
the  same  kind  of  sausage,  and  a  small  piece  of  broiled  mutton, 
wheaten  bread,  and  a  pint  of  coffee.  At  half-past  eleven,  stomach 
half  empty;  contents  of  bag  about  half  diminished.  At  two  o'clock 
P.M.  stomach  empty  and  clean;  contents  of  bag  all  gone  except 
fifteen  grains,  consisting  of  small  pieces  of  cartilaginous  and  mem- 
branous fibres,  and  the  spices  of  the  sausage,  which  last  weighed  six 
grains. 

Exp.  26,  second  series, — in  which  Dr.  Beaumont  examined  the 
state  of  the  food  at  intervals  during  the  process  of  digestion, — showed 
very  clearly  that  animal  substances  are  dissolved  much  more  rapidly 
than  vegetables. 

Dr.  Beaumont  has  observed  that  the  temperature  of  the  stomach 
does  not  become  elevated  during  digestion;  it  is  constantly  100^ 
Fahr.,  and  it  is  only  during  muscular  exertion  that  it  rises  some  de- 
grees, like  the  temperature  of  other  parts  of  the  body. 

The  gas  contained  in  the  stomach  is  during  digestion  generally 
very  small  in  quantity.  Magendie  and  Chevreul  obtained  some  from 
the  stomach  of  an  executed  criminal,  and  found  it  to  consist  of 

*  The  translator  has  omitted  the  first  experiment,  since  Dr.  Beaamont  himself 
points  out  that  the  apparent  reRolts  of  it  cannot  be  depended  on.  It  is  worth  while 
to  note,  however,  that,  during  the  experiment,  Sl  Martin  complained  of  distress  and 
nneasiness  at  the  stomach,  and  that  on  the  following  day  the  same  symptoms  con- 
tinning,  with  pain  of  head,  costiveness,  a  depressed  pulse,  dry  skin,  and  coated 
tongue,  numerous  white  spots  or  pustules  resembling  coagulated  lymph  were  seen 
spread  over  the  inner  surface  of  the  stomach,  and  that  Dr.  fieaumont  has  obserred 
»  similar  appearance  of  the  stomach  on  other  occasions  attending  symptoms  of 
indigestion. 
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Oxygett,           ....  11*03 

Carbonic  acid,        .            .           .  14*00 

Hydrogen,        ....  3*55 

Nitrogen,    .            .            .           •  71*45 

The  components  of  the  chymes  according  to  the  analysis  of  Tiede- 
mann  and  Gmelin,  are: — 

1.  Albumen, — in  the  chyme  of  dogs  which  had  been  fed  with 
boiled  eggs,  fibrin,  meat,  bread,  and  vegetable  gluten;  it  was  less  in 
quantity  when  the  dogs  had  eaten  liquid  white  of  egg,  cheese,  g^Q^j 
and  bones. 

2.  A  substance  resembling  casein, — in  the  chyme  of  dogs  fed  with 
liquid  white  of  egg  and  fibrin. 

3.  A  substance  precipitated  by  muriate  of  tin  (probably  osmazottie 
and  salivary  matter), — in  chyme  resulting  from  the  digestion  of  vege- 
table gluten,  cheese,  and  milk,  in  dogs,  and  of  starch  and  oats,  in 
horses. 

Dr.  Marcet  pointed  out, — and  his  observation  has  been  confirmed 
by  Dr.  Prout, — that  the  chyme  in  dogs  contains  much  more  albumen 
when  the  animal  has  been  fed  on  animal  substances  than  when  it  has 
been  fed  with  bread.     {TAomson^s  Jlnnals  ofPhilos.  1819.) 

Digestion  in  ruminants. — The  fluid  expressed  from  the  mass  of 
food  in  the  first  and  second  stomachs  of  ruminating  animals,  is  stated, 
as  well  by  Tiedemann  and  Gmelin,  as  by  Prevost  and  Le  Rover, 
{Biblibth.  Universelle  de  GenSvey  t.  xxvii.  p.  229,)  to  contain  albu- 
men held  in  solution  by  an  alkali,  which  in  the  state  of  carbonate  is 
an  ingredient  of  the  secretion  of  these  cavities."  The  proportion  of 
albumen  in  the  fluid  varies;  when  the  food  consisted  of  oats,  it  was 
in  such  abundance  that  it  coagulated  at  the  temperature  of  158^  Fahr. 
A  development  of  gas,  consisting  of  sulphuretted  hydrogen,  carbonic 
acid,  and  carburetted  hydrogen,  of  which  the  two  former  are  dissolved 
in  the  fluid,  while  the  last  retains  its  gaseous  form,  takes  place  during 
digestion  in  the  first  and  second  stomachs.  (BerzelittSy  Chemie 
•dnimale.) 

The  contents  of  the  fourth  stomach,  which  is  even  more  acid  than 
the  third,  were  found  by  Tiedemann  and  Gmelin  to  be  in  the  calf 
coagulated  milk,  in  the  ox  a  soft  yellowish  brown  pulp. 

The  components  of  the  chyme  in  the  fourth  stomach  were: — 

1.  Albumen,— in  the  ox  and  calf. 

2.  A  substance  reddened  by  the  action  of  muriatic  acid, — in  the  ox 
and  sheep. 

3.  A  substance  precipitated  by  muriate  of  tin, — in  the  sheep. 
Digestion  in  birds. — The  fluid  resulting  from  the  digestion  of  the 

food  in  the  crop  of  birds,  was  found  by  Tiedemann  and  Gmelin  to 
contain  albumen  in  a  state  of  solution,  and  in  such  large  proportion 
that  the  fluid  was  sometimes  coagulable  by  heat;  the  coagulating 
substance  being  animal  albumen  when  the  food  of  the  bird  had  been 
meat,  vegetable  albumen  when  the  food  had  consisted  of  corn  and 
peas.  The  albuminous  matters  were  still  more  abundant  in  the 
muscular  gizzard. 
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Theory  of  digestion. 

Many  of  the  older  theories  of  the  digestive  process,— for  example, 
that  which  stipposed  it  to  consist  in  attrition  by  the  stomach, — are 
now  evidently  of  mere  historical  interest.  In  by  far  the  greater 
nnmber  of  animals,  the  stomach  is  unprovided  with  mechanical  in- 
stniments  for  the  aid  of  digestion;  (see  page  338,  et  sequent^)  and 
the  experiments  of  Reaumur  and  Spallanzani  have  demonstrated 
that  substances  enclosed  in  perforated  tubes,  and  consequently  pro- 
tected from  mechanical  influence,  are  not  the  less  easily  digested. 
It  is,  in  like  manner,  scarcely  necessary  to  remark  that  the  theory  of 
digestion  by  putrefaction  is  equally  groundless;  no  signs  of  putre- 
fiiction  being  presented  by  the  digested  food,  although,  if  the  same 
substances  were  left  to  spontaneous  decomposition  at  the  temperature 
of  99i°  Fahr.,  they  would  very  quickly  evidence  marks  of  the  putre- 
fiictive  process.  Moreover,  when  substances  in  which  putrefaction 
has  already  commenced,  are  subjected  to  digestion  in  the  stomach, 
the  putrefactive  change  is,  as  Spallanzani  has  shown,  immediately 
checked  in  them. 

In  the  present  state  of  our  knowledge  of  the  subject,  we  have  in 
the  first  place  to  decide, — 

1.  Whether  digestion  consists  essentially  in  the  articles  of  food 
undergoing  in  the  stomach  some  chemical  change,  such  as  fermenta- 
tion or  oxidation,  by  which  they  are  deprived  of  their  cohesion  and 
reduced  to  a  pulp,  there  being  no  gastric  solvent  fluid;  but,  according 
to  this  view,  the  so-named  gastric  juice  being  the  product,  not  the 
cause,  of  digestion. 

2.  Or  whether  digestion  is  really  a  solution  of  the  food  by  a  solvent 
menstruum,— the  gastric  juice. 

We  recognise  the  first  of  these  views  in  the  fermentative  theory 
of  Boerhaave,  and  it  has  been  recently  brought  forward  anew  by 
C.  H.  Schultz  in  his  hypothesis  of  the  reduction  of  the  food  by  oxi- 
dation« 

The  theory  of  digestion  by  fermentation  does  not,  however,  pre- 
clude the  existence  of  an  active  gastric  fluid.  The  theory  of  fer- 
mentation supposes  that  the  food  is  reduced  by  a  chemical  action 
of  its  components  on  each  other,  this  action  being  excited  either  by 
a  portion  remaining  from  the  last  digested  food,  or  by  a  ferment  se- 
creted by  the  stomach  itself,  the  acids  of  the  stomach  being  the  pro- 
duct of  the  fermentation.  This  theory  has  never  been  confirmed  by 
proo&,  and  can  now,  indeed,  be  refuted. 

Thd  fermentation,  if  it  exists,  must  be  different  from  all  other 
known  kinds  of  fermentation;  for,  as  we  shall  presently  show,  none 
of  the  usual  phenomena  of  that  process  are  present  when  digestion 
is  performed  artificially. 

Schultz  does  not,  it  is  true,  set  out  on  the  supposition  of  the  exist- 
enoe  of  a  fermentative  process  in  digestion;  but  still  his  theory  is  in 
principle  similar,  inasmuch  as  he  supposes  that  the  food  is  not  dis- 
solyed  by  a  peculiar  fluid,  but  undergoes  decomposition,  and  loses 
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its  cohesion,  in  consequence  of  being  oxidised, — that  the  acid  of  the 
chyme  is  not  the  causQ  of  this  change,  but  the  product  of  it. 

The  existence  of  a  special  digestive  fluid  had  been  already  denied 
by  Mont^gre.  Having  found  that,  after  vomiting,  and  then  neutral- 
ising any  fluid  that  remained  in  his  stomach  by  means  of  magnesia, 
food  was  still  digested,  and  an  acid  chyme  produced,  he  concluded 
that  the  fluid  called  gastric  juice  is  nothing  more  than  saliva  and  gas- 
tric mucus  changed  by  the  process  of  chy  mification.  But  it  is  evident 
that  here  the  chymification  might  with  equal  probability  have  been 
ascribed  to  the  secretion  of  fresh  gastric  juice. 

The  arguments  adduced  by  Schultz  in  support  of  his  theory  are, 
first, — that  no  special  solvent  gastric  secretion  exists;  that  the  matter 
regarded  by  Tiedemann  and  Gmelin  as  such,  was  merely  a  remaining 
portion  of  chyme:  that  no  acids  are  formed  in  the  stomach  except 
during  digestion,  and  that  their  production  cannot  be  excited  by  me- 
chanical irritation  of  the  coats  of  the  stomacL  This  statement  is, 
however,  opposed  to  the  concordant  results  of  direct  observations, 
not  only  to  those  of  Spallanzani,  and  Tiedemann  and  Gmelin,  but 
also  to  the  much  more  conclusive  experiments  of  Dr.  fieaumont« 
Secondly, — Schultz  adduces  the  analogy  of  vegetables,  in  which  the 
nutritive  matters  undergo  a  change  of  this  sort,  and  in  which  the 
nutritive  material  of  the  germinating  seeds  is  converted  by  a  kind 
of  oxidation  into  acids  and  sugar,  and  rendered  soluble.  These  ar- 
guments are  very  ingenious;  but  the  question  is,  whether  in  animals 
there  is  not  really  a  peculiar  fluid  secreted  by  the  stomach  which 
will  dissolve  the  articles  of  food  even  out  of  the  body?  and,  even  if 
we  disregard  the  imperfect  experiments  of  earlier  physiologists,  we 
shall  find  in  the  numerous  observations  of  Beaumont,  Eberle,  and 
others,  satisfactory  proofs  that  there  is  such  a  fluid.  Lastly, — Schultz 
adduces  the  fact  of  the  coagulation  of  the  milk  in  the  stomach  as  an 
example  of  the  conversion  of  a  substance  which  is  not  acid  into  an 
acid  cnyme.  Milk  is  coagulated,  he  says,  by  an  infusion  of  the  sto- 
mach of  a  calf  which  has  been  dried  and  deprived  of  its  acidity  by 
neutralisation  with  carbonate  of  potash,  and  even  by  an  infusion  of 
the  fresh  stomach  of  a  dog  which  has  been  made  to  fast  forty  hours, 
so  that  the  stomach  was  distinctly  alkaline;  and  milk  will  coagulate, 
he  remarks,  in  the  stomach  of  sucking  whelps  after  the  stomach  has 
been  free  from  food  during  twelve  or  sixteen  hours,  and  is  neutral 
or  alkaline;  the  only  difierence  being  that  the  coagulation  takes 
place  more  slowly  than  when  the  stomach  contains  acids.  It  is 
quite  true,  as  Berzelius  had  already  pointed  out,  that  the  acid  of  the 
stomach  is  not  the  only  cause  of  the  coagulation  of  the  milk;  for 
there  is  now  known  to  be  a  peculiar  organic  principle  of  the  gastric 
secretion  which  has  the  same  property. 

In  the  state  of  the  inquiry,  nearly  up  to  the  present  time,  the  ques- 
tions to  be  decided  were: — 1.  Whether  a  gastric  juice  exists.  2. 
Whether  this  gastric  juice,  whatever  is  its  nature,  has  the  property  of 
dissolving  the  substances  used  as  food,  not  only  in  the  stomach,  but 
also  out  of  the  body.  3.  Supposing  the  last  question  were  answered 
in  the  aflirmative,  whether  the  solution  be  effected  by  the  agency  of 
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the  acid  ingredients  of  the  gastric  juice,  or  by  some  other  principles 
which  it  can  be  demonstrated  to  contain.  4.  Whether  the  solution 
is  attended  likewise  with  a  change  in  the  chemical  composition  of 
the  alimentary  substances. 

1.  Is  there  a  special  gastric  juice? — This  question  has  been 
already  decided  in  the  affirmative  in  the  preeeding  Chapter,  in  which 
were  related  the  numerous  experiments  of  Tiedemann  and  Gmelin, 
ajid  the  still  more  conclusive  observations  of  Dr.  Beaumont,  who 
excited  in  St.  Martin  by  mechanical  irritation  the  secretion  of  gastric  • 
juice  when  the  stomach  contained  no  food,  and  collected  it  in  con- 
siderable quantity  by  means  of  a  tube  introduced  through  the  ac« 
cidental  opening  into  his  stomach. 

2,  Has  the  gastric  juice  the^  property  of  dissolving  food  sub^ 
mitted  to  its  action^  whether  in  the  stomach  or  out  qf  the  body? — 
The  answer  to  this  question  depends  wholly  on  our  being  able 
to  dissolve  food  artifidally  by  means  of  gastric  juice  mixed  with 
it  out  of  the  body.  Attention  was  first  directed  to  artificial  digestion 
by  the  experiments  of  Spallanzani.  That  physiologist  obtainedsome 
of  the  secretion  of  the  stomach  of  birds,  by  causing  them  to  swallow 
small  pieces  of  sponge,  which  he  withdrew  after  some  little  time  by 
means  of  threads  attached  to  them;  the  fluid  thus  obtained  he  mixed 
with  food  previously  masticated,  and  put  the  mixture  into  small  glass 
vessels  in  which  be  kept  up  the  proper  warmth  by  placing  them  in 
his  axillae.  The  contents,  after  the  lapse  of  fifteen  hours  or  two  days, 
appeared  to  be  converted  into  chyme.  The  statements  of  Spallanzani 
seemed,  however,  to  be  refuted  by  the  observations  of  Montdgre, 
which  were  submitted  to  the  French  Academy  in  181'2L  Thegastrio 
fluid  which  Mont^re  employed  in  his  experiments,  was  the  secretion 
of  his  stomach  during  fasting,  which  he  had  the  power  of  vomiting 
at  will;  it  was  in  most  cases  distinctly  acid.  Dr.  Stevens  obtained 
firom  artificial  digestion  a  result  similar  to  that  announced  by  Spal- 
lansanL 

More  recently,  Tiedemann*  and  Qmelin  have  instituted  similai 
experiments  with  gastric  fluid  obtained  from  two  dogs. 

In  their  first  experiment,  three  grammes  (about  forty-six  grains) 
of  boiled  beef  were  submitted  to  the  action  of  ten  .grammes  (abont 
two  and  a  half  drachms)  of  the  gastric  fluid;  in  a  second  vessel,  a 
cubic  mass  of  bread  freed  from  crust  with  the  same  quantity  of  the 
floid,  and  in  a  third  and  fourth,  similar  portions  of  meat  and  bread 
were  placed,  each  closely  enveloped  in  a  piece  of  the  mucous  coat  of 
the  stomach;  lastly,  similar  portions  of  meat  and  bread  were  placed 
in  a  fifth  and  a  sixth  vessel  with  water.  All  the  vessels  were  ex- 
posed, during  a  period  of  eight  hours,  to  a  temperature  of  from  86^ 
to  104^  Fahr.  At  the  end  of  that  time,  the  meat  in  the  gastric  juice 
was  reduced  at  its  surface  to  a  reddish-white  very  soft  pulp,  which 
could  be  easily  scraped  off;  the  meat  enveloped  in  the  mucous  mem- 
brane had  no  such  pulpy  layer  covering  it,  and  was  but  little  softer 
than  that  which  had  been  macerated  in  pure  water;  the  latter  was 
quite  bard,  and  nothing  perceptible  could  be  scraped  from  its  surface. 
33 
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The  bread  in  the  gastric  juice  was  converted  into  a  soft  whitish  mass; 
that  in  the  mucous  membrane  was  nearly  as  soft;  the  bread  in  the 
water  less  so. 

In  the  second  experiment,  they  had  sixty-two  grammes  (about 
sixteen  drachms)  of  gastric  juice.  They  disposed  in  separate  vessels, 
1.  gastric  juice  with  raw  beef;  2.  gastric  juice  with  boiled  white  of 
^g;  3.  water  and  beef;  4.  water  and  white  of  egg;  5.  water  with 
ten  drops  of  distilled  vinegar  and  beef;  6.  water  with  the  same  quan- 
'  tity  of  vinegar  and  white  of  egg.  The  vessels  were  kept,  during  the 
period  of  ten  hours,  at  the  3ame  temperature  as  in  the  former  expe- 
riment. The  meat  macerated  in  the  gastric  juice  was  then  found  of 
a  pale  red,  and  very  much  softened  on  its  surface, — a  pulpy  matter 
could  be  scraped  from  it;  the  white  of  egg  in  the  gastric  juice  was 
hkewise  very  much  softened,  and  had  much  the  appearance  of  white 
of  egg  from  the  stomach  of  a  dog  which  had  beeti  fed  with  it  The 
meat  in  the  water  was  whitish  and  firm;  the  white  of  egg  also,  which 
had  been  macerated  in  water  only,  was  quite  solid.  The  substances 
in  the  dilute  vinegar  presented  no  trace  of  softening.  ( TYedemann 
and  Omelirij  loc.  cit,) 

Dr.  Beaumont's  experiments  on  artificial  digestion  are  of  extraor- 
dinary interest.  They  demonstrate  most  satisfactorily  that  the  stomach 
aecretes  a  fluid  which  has  the  power  of  dissolving  articles  of  food 
even  out  of  the  body.*  As  an  example,  we  may  instance  the  2nd 
experiment  in  the  1st  series.  Dr.  Beaumont  having,  after  St.  Mar- 
tin had  fasted  seventeen  hours,  obtained  from  his  stomach,  by 
the  method  which  we  have  already  mentioned,  one  ounce  of  gastric 
juice,  put  into  it  a  solid  piece  of  recently  boiled  beef  weighing  three 
drachms,  and  placed  the  vessel  which  contained  them  in  a  water- 
bath  heated  to  100.^  In  forty  minutes  digestion  had  commenced  on 
the  surface  of  the  meat;  in  fifty  minutes,  the  fluid  was  quite  opaque 
and  cloudy,  the  external  texture  began  to  separate  and  become  loose; 
and  in  sixty  minutes,  chyme  began  to  form.  At  1  p.  m.  (two  hours 
after  the  commencement  of  the  experiment)  the  cellular  texture  was 
destroyed,  the  muscular  fibres  loose  and  floating  about  in  fine  small 
threads  very  tender  and  soft.  In  six  hours,  they  were  nearly  all 
digested, — a  few£bres  only  Remaining.  After  the  lapse  of  ten  hours, 
every  part  of  the  meat  was  completely  digested.  The  gastric  juice, 
which  was  at  first  transparent,  was  now  about  the  colour  of  whey, 
and  deposited  a  fine  sediment.  A  similar  piece  of  beef  was,  at  the 
time  of  the  commencement  of  this  experiment,  suspended  in  the 
stomach  by  means  of  a  thread;  at  the  expiration  of  the  first  hour,  it 
was  changed  in  about  the  same  degree  as  the  meat  digested  artifi- 
cially; but  at  the  end  of  the  second  hour,  it  was  completely  digested 
and  gone. 

In  other  experiments  Dr.  Beaumont  withdrew,  through  the  opening 
into  the  stomach,  some  of  the  food  which  had  been  taken  twenty 
minutes  previously,  and  which  was  completely  mixed  with  the  gastric 
juice.  He  continued  the  digestion,  which  had  already  commenced, 
by  means  of  artificial  heat  in  a  water-bath.   In  a  few  hours,  the  food 
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thus  treated  was  completely  chymified;  and  the  artificial  seemed  ta 
be  but  little  slower  than  the  natural  digestion.  (See  expts.  25,  26, 
and  27,  second  series.) 

Several  of  Dr.  Beaumont's  experiments, — we  may  mention,  expt. 
31,  second  series,  and  expts.  28,  33,  and  48,  third  series, — demonstrate 
the  influence  of  temperature,  and  of  the  quantity  of  the  gastric  juice, 
on  digestion.  Experiment  31  of  the  second  series,  which,  with  many 
others,  also,  contrasts  the  action  of  water  with  that  of  the  gastric  juice 
on  organic  substances,  may  serve  as  an  example.  Having  obtained 
from  the  stomach  of  St.  Martin  two  ounces  of  gastric  juice,  he  di- 
vided this  quantity  into  two  equal  portions,  and  laid  in  each  an  equal 
quantity  of  masticated  roast-beef.  One  he  placed  in  a  water-bath  at 
the  temperature  of  99^  Fahr.  and  left  the  other  exposed  to  the  open 
air  at  a  temperature  of  34°  Fahr.  A  third  similar  portion  of  meat  he 
kept  in  a  phial  with  an  ounce  of  cold  water.  An  hour  after  the  com- 
mencement of  the  experiment,  St.  Martin  had  finished  his  breakfast, 
which  consisted  of  the  same  meat,  with  biscuit,  butter,  and  coffee. 
Two  hours  after  the  meat  had  been  put  into  the  phials,  the  portion 
in  the  warm  gastric  juice  was  as  far  advanced  towards  chymification 
as  the  food  in  the  stomach;  the  meat  in  the  cold  gastric  juice  was  less 
acted  on,  and  that  in  the  cold  water  was  merely  a  little  macerated. 

In  two  hours  and  forty-five  minutes  from  the  time  that  the  expe- 
riment was  begun,  the  food  in  the  stomach  was  completely  digested, 
and  the  stomach  empty,  while  even  at  the  end  of  six  hours  the  meat 
in  the  gastric  juice  was  only  half  digested.  Dr.  Beaumont,  therefore, 
having  procured  twelve  drachms  of  fresh  gastric  juice,  added  now  a 
portion  to  each  of  the  phials  containing  meat  and  gastric  juice,  and 
to  a  portion  of  the  half-digested  food  which  he  had  withdrawn  from 
the  stomach  two  hours  after  the  commencement  of  the  experiment, 
and  which  had  not  advanced  towards  solution.  After  eight  hours' 
maceration,  the  portions  of  meat  in  the  cold  gastric  juice  and  in  the 
cold  water  were  little  changed;  but,  from  the  time  of  the  addition  of 
the  fresh  gastric  juice,  digestion  went  on  rapidly  in  the  other  phials 
which  were  kept  at  the  proper  heat;  and  at  the  end  of  twenty-four 
hours  the  meat  which  had  been  withdrawn  from  the  stomach  after 
digestion  had  commenced,  was,  with  the  exception. of  a  piece  which 
had  not  been  masticated,  converted  into  a  thickish  pulpy  mass 
of  a  reddish  brown  colour:  the  other  portion  of  meat  in  the  warm 
gastric  iuice  was  also  digested,  though  less  perfectly;  while  that  in 
the  cold  gastric  juice  was  scarcely  more  acted  on  than  the  meat  in 
the  water,  which  was  merely  macerated.  Dr.  Beaumont  now  ex- 
posed these  two  phials  containing  the  meat  in  cold  gastric  juice  and 
meat  in  water  to  the  heat  of  the  water-bath  for  twenty-four  hours, 
and  the  gastric  juice  which,  when  cold,  had  no  action  on  the  meat, 
now  dissolved  it;  while  the  meat  in  the  water  underwent  no  change, 
except  that,  towards  the  end  of  the  experiment,  putrefaction  com- 
menced. 

The  48th  expt.,  third  series,  illustrates  the  antiseptic  power  of  the 
gastric  juice.    A  piece  of  meat  which  had  been  macerated  at  the 


temperature  of  digestion  in  water  for  several  days  till  it  acquired  a 
strong  putrid  odour,  on  the  addition  of  some  fresh  gastric  juice,  lost 
all  signs  of  putrefaction,  and  soon  began  to  be  digested  and  chjrmd- 
fied. 

To  justify  our  confidence  in  Dr.  Beaumont's  statements,  we  may 
mention  that  he  always  relates  the  accidental  circumstances  which 
occurred  in  the  experiments,  and  refers  to  several  other  physiciansy 
Drs.  Silliman,  Knight,  Yves,  Hubbard,  Dunglison,  Sewall,  Jones,  and 
Henderson,  as  having  interested  themselves  in  them.  It  must  there- 
fore be  regarded  an  indubitable  fact,  that  the  gastric  juice  is  really  a 
solvent  for  organic  substances,  both  in  the  stomach  and  out  of  the 
body.* 

3.  Jlre  the  solvent  principles  in  the  gastric  juice  aeidSy  or  other 
unknown  substances? — ^Tiedemann  and  Gmelin  were  inclined  to 
fiivour  the  theory  which  attributes  the  solution  of  the  food  in  the 
stomach,  to  the  action  of  the  acids  contained  in  the  gastric  juice,— 
namely,  of  the  acetic  and  muriatic  acids. 

For  the  purpose  of  ascertaining  the  degree  of  solvent  action  exerted 
by  the  acids  of  the  stomach,  on  some  organic  matters  which  are  not 
soluble  in  water,  they  submitted  to  the  action  of  these  acids  at  a  tem- 
perature of  about  50^  Fahr.  during  some  weeks  the  following  sub- 
stances:— 1.  fibrin  from  the  blood  of  calves;  2.  fibrin  from  the  blood 
of  the  ox;  3.  fibrin  from  the  blood  of  the  horse;  4.  the  coats  of  the 
large  venous  trunks  of  the  horse;  5.  the  coats  of  the  lai^er  arterial 
trunks  of  the  same  animal;  6.  the  white  of  a  hen's  egg  boiled  hard: 
7.  mucus  from  the  small  intestine  of  a  dog;  8.  mucus  from  the  small 
intestine  of  a  horse.  The  proportions  of  the  fluid  and  the  solid  sub- 
stance (which  was  weighed  in  the  moist  state),  the  temperature,  and 
the  duration  of  the  experiment,  were  in  each  case  the  same. 

Jicetic  acid  was  completely  absorbed  by  the  substances  1,  2,  and 
4;  these  swelled  up,  and  became  each  a  transparent  mass  which, 
when  heated  with  a  fresh  portion  of  acid,  was  completely  dissolved. 
A  small  quantity  of  the  acid  digested  with  each  of  the  substances  3, 
5,  and  6,  remained  unabsorbed,  and  afforded  a  copious  precipitate 
with  tincture  of  galls  and  ferro-prussiate  of  potash.  The  remaining 
masses  of  3  and  5  were  swollen;  and,  on  being  heated  with  a  fresh 
portion  of  acid,  became  more  gelatinous,  and  were  for  the  most  part 
dissolved.  The  substance  6  was  less  swollen,  and  underwent  less 
change  when  heated.  The  mucus,  7  and  8,  at  first  remained  nearly 
unchanged,  and  the  acetic  acid  in  which  it  had  been  macerated  did 
not  become  turbid  on  the  addition  of  tincture  of  galls;  but,  on  being 
heated  with  fresh  acetic  acid,  it  was  nearly  wholly  dissolved. 

*  We  can  therefore  be  no  longer  surprised  that  the  stomach  is  sometimes  found 
to  undergo  softening  sooner  than  other  parts  of  the  body  after  death;  it  being  acted 
on  by  the  solvent  gastric  juice.  The  phenomenon  has  been  observed  more  pai^ 
tacularly  in  rabbits  and  in  children,  and  has  by  many  been  attributed  to  putrefacUon- 

glee  Rudolphi^s  Physiol,  ii.  2.  119.^    1  have  observed  it  in  rabbits,  and  know  that 
them  it  did  not  depend  on  the  mode  of  death.    It  is  certainly  owing  to  a  decern- 
K'tion,  of  which,  however,  the  cause  mnst  be  local  and  **  material,"  and  probably 
»  other  than  the  chemical  action  of  the  gastric  juice. 
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-  .The  muriatic  add  had,  without  the  application  of  heat,  dissolved 
a  great  part  of  the  substances  1^6,  judging  bjrthe  abundance  of  the 
precipitate  produced  by  the  addition  of  tincture  of  galls;  of  the  mu- 
cus, on  the  contrary,  it  had  dissolved  very  little. 

Dr.  fieaumont,  likewise,  has  instituted  several  experiments  with  a 
view  to  determine  the  power  of  acids  in  dissolving  articles  of  food; 
and  the  results  which  he  obtained,  although  they  varied  somewhat 
according  to  the  substances  employed  in  the  experiments,  have 
nevertheless  led  him  to  the  conclusion  that  no  other  fluid  produces 
the  same  effect  on  food  which  the  gastric  juice  does,  and  that  it  is  the 
only  solvent  of  aliment. 

He  found  that  common  vinegar  exerts  no  more  action  than  water 
on  white  of  egg  digested  in  it  and  kept  warm  in  the  axilla;  even 
after  five  hours'  maceration,  scarcely  any  diminution  of  weight  bad 
taken  place;  while  a  similar  portion  of  the  same  substance  submitted 
during  the  same  period  of  time  to  the  action  of  an  equal  quantity  of 
gastric  juice,  under  exactly  the  same  circumstances,  was  completely 
dissolved.    (Expt.  46,  fourth  series.) 

Dr.  fieaumont  made  a  mixture  of  muriatic  and  acetic  acids,  each 
diluted  to  the  same  degree  of  acidity  as  the  gastric  juice,  (judging  of 
this  by  the  taste,)  in  the  proportion  of  three  parts  of  the  dilute  mu- 
riatic acid,  and  one  part  of  dilute  acetic  acid,  and  compared  the  action 
of  this  fluid  with  that  of  an  equal  quantity  of  gastric  juice  from  the 
stomach  of  St.  Martin,  on  different  substances,  both  menstrua  being 
kept  at  the  proper  temperature  for  digestion. 

Roast  beef,  cut  small,  was  in  6}  hours  nearly  entirely  dissolved  by 
the  gastric  juice;  while  in  the  mixed  acid  it  merely  lost  its  fibrons 
appearance,  and  became  a  gelatinous  mass.  After  the  digestion  had 
been  continued  eight  hours  longer,  the  acids  had  dissolved  all  the 
meat,  with  the  exception  of  a  small  portion  of  gelatinous  substance 
which  remained  on  the  filter;  but  the  solution,  instead  of  being  a 
turbid  whitish  grey  fluid  depositing  a  brown  sediment  on  standing 
like  the  product  of  digestion  in  the  gastric  juice,  was  of  a  reddish 
brown  colour  and  yielded  no  sediment.  The  action  of  infusion  of 
galls  on  the  two  fluids  was  very  different.    (Expt.  115,  third  series.) 

There  was  the  same  difference  in  the  time  required  for  the  solution, 
and  in  the  products  of  the  digestion,  of  boiled  beef  coarsely  masti- 
cated, in  the  acids,  and  in  gastric  juice.    (Expt.  104,  third  series.) 

Isinglass  appeared  to  be  more  soluble  than  meat  in  the  mixed 
acids,  but  it  was  nevertheless  not  so  soluble  in  them  as  in  gastric 
juice;  and  the  resulting  fluid  differed  from  the  solution  of  the  same 
substance  in  gastric  juice,  although  the  differences  were  less  marked 
in  some  experiments  than  in  others.    (Expts.  105  and  106.) 

Saliva  acidulated  with  acetic,  or  with  muriatic  acid,  so  as  to  re- 
semble in  taste  the  gastric  juice,  did  not  possess  the  solvent  properties 
of  the  latter  fluid.   (Expt.  96.) 

I  had  myself  long  since  instituted  some  experiments,  with  the  view 
to  determine  whether  the  theory  that  the  acids  are  the  solvent  prin- 
ciples of  the  gastric  juice  was  correct  I  placed  small  pieces  of  meat 
of  some  grains  in  weight,  and  small  cubes  of  coagulated  white  of 

33* 


390  xbxelb's  discovset. 

egg)  in  equal  quantities  of  very  much  diluted  muriatic^  acetic,  tartaric^ 
and  oxalic  acids;  and  although  after  maceration  for  a  short  time,  a 
precipitate  or  turbidity  could  be  produced  in  the  liquid  by  ordinanr 
re-agentSy  showing  that  a  part  of  the  substances  had  been  dissolved, 
yet  r  found  the  masses  of  meat  and  albumen  by  no  means  perceptibly 
changed,  even  after  the  lapse  of  several  days; — indeed,  the  small 
cubes  of  coagulated  white  of  egg  preserved  their  angles  and  edges 
for  weeks.  The  action  was  not  much  greater  when  the  maceration 
was  performed  at  the  heat  of  natural  digestion.  Of  all  the  acids  of 
which  I  tried  the  solvent  power,  and  which  1  have  named  aboTV, 
the  oxalic,  known  to  be  poisonous  to  the  human  body  even  in  small 
doses,  appeared  to  have  the  most  powerful  action  on  the  substances 
submitted  to  it;  the  fluid  became  turbid  in  a  short  time,  and  depo- 
sited a  scanty  whitish  sediment,  but  the  portions  of  meat  and  alba- 
men  gave  evidence  nevertheless  of  no  particular  change.  At  the 
same  time  that  I  was  making  these  experiments,  I  exposed  a  glass 
containing  dilute  acetic  acid  and  small  pieces  of  meat,  during  the 
space  of  twenty-four  hours,  to  the  current  of  a  powerful  galvanic 
biattery;  I  made  a  similar  experiment  with  solution  of  common  salt; 
but  in  neither  case  was  the  solution  of  the  organic  substance  in  any 
perceptible  degree  accelerated. 

The  acids  which  are  such  powerful  solvents  for  mineral  substances, 
are  extremely  feeble  in  their  action  on  organic  matters;  and  if  we 
only  remember  that  dilute  or  even  concentrated  acids  are  inadeqoate 
to  dissolve  completely  a  small  piece  of  meat  or  white  of  egg  of  the 
weight  of  a  few  grains,  though  their  action  is  continued  for  several 
days,  the  theory  apparently  so  simple  which  ascribes  the  solution  of 
the  food  to  the  agency  of  the  acids  of  the  stomach,  will  cease  to  ap- 
pear probable.  Its  insufficiency  must,  indeed,  have  been  always 
evident  to  those  who  reflected  how  frequently  indigestion  is  attended 
with  increased  secretion  of  acid.  It  must,  therefore,  be  allowed  that 
no  investigations,  thus  far,  have  informed  us  of  the  nature  of  the 
active  solvent  principle  of  the  gastric  juice.  Berzelius  long  since 
made  this  confession.  Everything  tended  to  convince  us  that  the 
active  principle  of  the  gastric  juice  is  an  organic  substance,  of  which 
the  action  is  similar  to  that  of  <<  Diastase"  on  starch.  Such  was  the 
state  of  our  knowledge  on  the  subject  of  digestion  before  the  recent 
important  discoveries  of  Eberle  and  Schwann. 

Nature  of  the  digestive  principle, — Eberle  [Physiohgie  der  Ver- 
dauung.  WOrzburg,  1834,)  discovered  that,  although  neither  dilute 
acids  nor  mucus  alone  possess  the  property  of  dissolving  rapidly 
organic  substances  submitted  to  their  action,  yet  mucus  mixed  with 
acids  has  this  solvent  power;  and  that  albumen  or  meat  digested 
with  acidulated  mucus,  or  with  an  infusion  of  mucous  membrane  ii . 
dilute  acid,  is  not  merely  quickly  dissolved,  but  also  undergoes  a 
chemical  change,  the  albumen  losing  its  property  of  coagulability 
and  being  converted  into  osmazome  and  salivary  matter. 

The  experiments  of  Eberle  have  been  repeated  by  Schwann  and 
myself,  {MMier'B  Jirchiv.  1836,  p.  68,)  and  by  many  others,  and 
hMr#  been  found  in  the  main  quite  correct    But  Eberle  was  in  error 
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in  bis  statement  that  all  miicus,  in  an  acid  state,  has  the  propierty 
which  is  possessed  by  an  organic  principle  secreted  with  the  gastric 
mucus  only;*  the  mucus  of  other  organs  exerts  no  solvent  power: 
thnsy  the  mucous  membrane  of  the  bladder,  treated  with  muriatic 
acid,  was  found  by  Schwann  not  to  have  this  property.  The  infusion 
of  the  mucous  membrane  of  the  fourth  stomach  of  the  calf  in  dilute 
acid  affords  digestive  fluid.  The  mucous  membrane  being  dissected 
firom  the  other  coats,  washed  with  cold  water  until  it  no  longer  gives 
evidence  of  containing  a  free  acid,  and  then  dried,  can  in  that  state 
be  preserved,  and  is  at  all  times  ready  for  use. 

The  principal  phenomena  of  artificial  digestion  may  be  demon- 
strated in  a  simple  manner  by  the  following  experiment: ^The  dried 
mucous  membrane  is  cut  into  pieces;  some  of  these  are  placed  in 
each  of  five  test  tubes,  and  distilled  water  poured  over  them.  To 
the  contents  of  two  of  the  tubes,  six  or  eight  drops  of  muriatic  add 
are  added;  to  two  others,  twelve  or  fourteen  drops  of  acetic  acidL 
Tbe  mucous  membrane  and  water  in  the  fifth  glass  are  left  without 
any  addition  of  acid;  and  in  a  sixth  is  placed  the  same  quantity  of 
water,  with  eight  drops  of  muriatic  acid,  but  no  mucous  membrane; 
Small  cubes  of  coagulated  white  of  egg  and  boiled  meat  of  several 
grains'  weight  are  then  placed  in  each  of  the  tubes.  After  digestion 
m  twelve  hours  at  a  temperature  of  about  99i^  Fahr.,  the  pieces  of 
meat  and  white  of  egg  present  the  following  appearances: — Those 
macerated  in  the  dilute  acid  without  mucous  membrane,  or  in  the 
water  with  mucous  membrane,  but  without  acid,  are  unchanged; 
and  the  substances  in  the  water  alone  give  out  after  a  time  a  putrid 
odour.  The  pieces  of  meat  and  albumen  in  the  acid  infusion  of 
mucous  membrane  are,  on  the  contrary,  softened.  The  coagulated 
albumen  is  become  transparent,  cheesy  in  the  centre,  and  breaks 
down  easily  under  pressure.  If  the  digestion  is  continued  for  twenty*- 
four  hours,  the  substances  in  the  acid  infusion  of  mucous  membrane 
are  dissolved  either  entirely,  or  in  greater  part;  and  the  fluid  acquires 
a  peculiar  odour,  not  of  a  putrescent  character,  but  similar  to  that  of 
scidier's  bread;  its  taste  is  acid^and  not  agreeable*  (The  fibrin  of 
the  blood  likewise  is  dissolved  very  quicklyj  The  ordinary  tempera* 
tare  of  the  atmosphere  in  summer  is  sufficiently  high  for  the  suc- 
een  of  the  experiment;  the  surface  of  the  masses  of  coagulated  al* 
bomen  becomes  transparent  even  in  a  few  hours,  and  is  surrounded 
by  a  cloud  of  particles  of  albumen,  which  are  for  the  most  part  in 
solution.  The  albumen  which  has  been  dissolved  by  the  digestive 
fluid,  has  lost  all  its  former  characters,  it  is  no  longer  coagulable; 
and  the  solution  contains  osmazome  and  salivary  matter,  and,  ae-^ 
cording  to  Schwann,  a  third  substance  similar  to  albumen,  which  is 
precipitated  by  carbonate  of  soda,  is  insoluble  in  water  and  alcohol, 
and  is  soluble  in  dilute  miuiatic  and  acetic  acids.  This  third  sub- 
stance is  precipitated  neither  by  the  boiling  temperature,  by  acetate 

*  Wasmaon  has  observed  that,  in  the  pi^,^hat  part  of  the  mocoas  membrane  of 
the  stomach  which  he  has  discovered  to  be  composed  of  columns  of  cells  possesses 
HkB  solvwft  power  in  a  fli«ch  graster  degree  Ibaa  otiier  pertsr-an  sbserfatlon 
whieh  the  translator  has  verified. 
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of  lead,  nor  bv  alcohol;  bat  is  thrown  down  in  large  quantity  by 
nitric  acid,  and  ozy muriate  of  mercury,  and  less  copiously  by  cyana- 
ret  of  iron  and  potassium,  and  by  tincture  of  galls. 

We  found  that  neither  carbonic  acid  is  evolved  nor  oxygen  gas 
absorbed  during  artificial  digestion,  in  both  which  circumstances  it 
differs  from  the  fermentative  process.  (MUUer  and  Schwann f  loe. 
eii.) 

The  experiments  of  Eberle,  and  those  instituted  by  Schwann  in 
conjunction  with  myself,  still  left  it  uncertain  whether  the  digestlTe 
principle  in  an  undissolved  state  acts  by  the  influence  of  contact,  or 
whether  it  is  itself  in  solution  and  acts  by  dissolving  the  organic  sub- 
stances. Schwann,*  however,  has  discovered  that  the  infusion  of 
mucous  membrane  with  dilute  acid,  even  after  it  is  filtered,  still  re- 
tains its  digestive  power.  The  digestive  principle,  therefore,  is  clearly 
in  solution,  and  the  theory  of  digestion  by  contact  falls  to  the  ground* 
The  clear  filtered  fluid  has  the  colour  of  saturated  urine;  it  retains  its 
solvent  property  for  mouths.  The  proportion  of  acid  recommended 
by  Schwann  for  the  preparation  of  the  digestive  fluid,  is  3.3  grains 
to  half  a  loth  (about  a  quarter  of  an  ounce)  of  the  mixture  of  mucons 
n^mbrane  and  water.  If  the  proportion  of  the  acid  remains  the 
same,  the  quantity  of  the  fluid,  as  compared  with  that  of  the  mem- 
brane, is  not  of  much  importance;  the  weight  of  the  water  may  be 
twice  or  five  times  that  of  the  mucous  membrane  in  its  moist  state. 

Schwann  has  performed  several  experiments  to  determine  the  part 
which  the  acid  plays  in  the  digestive  fluid.  The  experiments  already 
detailed  prove  that  the  acids  are  necessary;  but  it  was  possible  that 
they  might  serve  merely  for  the  production  of  the  digestive  principle, 
and  might,  after  this  was  formed,  be  no  longer  essential.  This, 
however,  is  not  the  case;  the  digestive  fluid,  when  neutralised  with 
carbonate  of  potash  was  inert,  but  recovered  its  power  on  the  ad- 
dition of  the  proper  quantity  of  muriatic  acid.  To  ascertain  whether 
the  acid  acts  the  part  of  a  mere  solvent  of  the  digestive  principle, 
Schwann  added  to  some  of  the  fluid  as  much  carbonate  of  potash 
as  neutralised  more  than  half  the  acid  of  the  fluid,  which  was  stUl 
acid,  and  remained  clear  and  without  sediment;  so  that  the  digestive 
principle  could  not  have  been  precipitated,  and  yet  the  solvent  power 
of  the  fluid  was  lost.  The  acid  therefore  is  more  than  a  mere  sol- 
vent of  the  active  principle.  It  still  appeared  possible  that  the  acid 
might  enter  into  a  chemical  combination  with  the  digestive  principle, 
forming  a  compound  similar  to  the  acid  salts.  But  if  such  were  the 
case,  the  quantity  of  acid  necessary  ought  to  be  regulated  by  the 
quantity  of  the  organic  digestive  principle;  and  Schwann  found  that 
it  was  not  so:  on  the  contrary,  the  necessary  quantity  of  the  acid 
bore  no  relation  to  the  quantity  of  the  organic  digestive  principle, 
but  was  regulated  by  the  quantity  of  the  fluid.  Again,  the  acids  do 
not  serve  simply  to  dissolve  the  products  of  digestion;  for  although 
these  are  soluble  in  acids,  and  even  in  very  dilute  acids,  yet  a  quan- 

*  Mul]er*8  Arcfaiv.  1836,  p.  90.    Sohwann,  uber  das  Wesen  des  VerdauungB 
prooesfM. 


tity  of  the  digestive  fluid  which  is  adequate  to  the  solution  of  a  certain 
quantity  of  albumen,  loses  its  solvent  power  when  diluted.  Lastly, 
if  it  were  the  part  of  the  acids  to  enter  into  combination  with  the 
products  of  digestion  during  their  formation,  the  proportion  of  the 
acids  in  the  fluid  ought  to  become  less  as  the  digestion  advances;  but 
their  proportion  undergoes  no  change.  Dr.  Schwann  infers,  there* 
fore,  that  the  dilute  acids,  without  themselves  undergoing  any  change, 
aid  by  their  presence  in  efiecting  the  decomposition  of  the  organic 
substances,  just  as  they  aid  in  the  conversion  of  starch  into  sugar 
when  boiled  with  it.* 

The  artificial  digestion  by  means  of  the  acid  infusion  of  gastric 
mucous  membrane  may  be  compared  with  fermentation,  and  with 
the  cases  of  decomposition  by  contact;  inasmuch  as  both  in  it,  and 
in  these  processes,  a  very  small  quantity  of  the  decomposing  agent  is 
sufficient  to  produce  the  effect.t  But  it  results  also,  from  Schwann's 
observations,  that  the  action  of  the  digestive  fluid  induces  the  loss  of 
a  part  of  its  power,  and  not  the  production  of  a  new  active  principle, 
as  in  the  process  of  fermentation.  Moreover,  no  carbonic  acid  is 
developed  during  artificial  digestion,  and  not  the  smallest  quantity 
of  oxygen  is  necessary  to  the  process,  as  has  been  demonstrated  anew 
by  Schwann  in  still  more  accurate  experiments.  Many  substances 
which  disturb  the  progress  of  the  vinous  fermentation,  likewise  in- 
terfere with  digestion;  thus,  as  Schwann  shows,  alcohol:^  and  the 
boiling  temperature  render  the  digestive  principle  inert;  the  same  is 
the  action,  in  a  less  degree,  of  the  neutral  salts,  and  particularly  of 
the  sulphites.  But  arseniate  of  potash,  which  puts  a  stop  to  the 
vinous  fermentation,  was  found  by  Schwann  not  to  disturb  the 
artificial  digestive  process. 

Chemical  properties  qfthe  digestive  principle. — It  must  be  almost 
impossible  to  obtain  the  solvent  principle  of  the  digestive  fluid  in  a 
separate  state,  on  account  of  its  active  property  being  so  easily  de- 
stroyed by  re-agents.  Several  of  Schwann's  experiments  show  the 
action  of  difierent  substances  upon  it.  It  is  not  precipitated  when 
the  acid  of  the  mixture  is  neutralised;  on  the  contrary,  it  is  soluble 
hi  water  alone;  it  is  precipitated  from  the  neutral  solution  by  acetate 
of  lead,  and  can  be  obtained  again  in  an  active  state  from  the  pre- 
eipitate  by  means  of  hydro-sulphuric  acid.    Ferro-cyanuret  of  po- 

*  Although  acids  are  such  feeble  sol  vents  of  organic  substances,  and  particu- 
larly of  albumen  at  ordinary  temperatures,  and  even  at  that  of  natural  digestion; 
yel  white  of  egg  when  boiled  in  dilute  acids,  is,  according  to  Wasmann,  (De  di- 

eone  Donnulla.  Berol.  1839,  and  Froriep^s  Notizen.  April,  1839,)  very  rapidly 
^▼cd«    He  supposes,  therefore,  that  the  acids  are  the  essential  solvent  agents 
ia  digestion,  and  that  the  pepsin  has  merely  the  office  of  rendering  their  aotioo 
rapid  at  a  temperature  at  which  it  would  otherwise  be  slow, 
t  4-6  grains  of  digestive  fluid,  or  0*11  grrains  of  dry  residue  of  the  fluid,  were 
'  soffieient  when  diluted  for  the  solution  of  60  grains  of  moist  albumen,  or  about  10 
graios  of  solid  matter. 

%  The  precipitate  thrown  down  by  alcohol  in  the  watery  solution  of  pepsin,  when 
rMlissolved  in  dilute  acid,  has,  however,  according  to  Wasmann,  still  the  power  of 
dissolving  white  of  egg,  and  the  other  properties  ofpepsin;  and  Purkinje  states  that 
alcohol  does  not  destroy  the  digestive  principle. 
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tassium^  as  well  as  ferro-cyanide  of  potassium,  produce  a  precipitate 
in  the  acid  solution  of  the  digestive  principle,  but  none  in  the  neutral 
solution;  but  the  precipitates  which  they  throw  down,  do  not  con- 
tain the  digestive  principle;  the  fluid  retains  its  solvent  property. 
Corrosive  sublimate  produces  a  precipitate  both  in  the  acid  and 
in  the  neutral  fluid.  Tannin  throws  down  a  precipitate,  alcohol 
and  the  boiling  heat  cause  turbidity,  and  all  these  agents  render 
the  fluid  inert.  Acetic,  muriatic,  nitric,  and  sulphuric  acids,  added 
in  small  quantities  to  the  watery  extract  of  the  digestive  mucous 
membrane,  produce  a  precipitate,  according  to  Wasmann,  which  is 
re-dissolved  on  the  addition  of  more  acid,  fiut  if  any  of  the  three 
mineral  acids  is  added  in  much  larger  quantity,  a  second  precipitate 
is  thrown  down,  and  the  solvent. power  of  the  pepsin  is  destroyed. 
The  solvents  of  the  digestive  principle  are  water,  and  dilute  muriatic 
and  acetic  acids.  These  characters,  as  well  as  its  peculiar  action  on 
casein,  justify  us  in  regarding  the  digestive  principle  as  a  peculiar 
substance,  to  which,  although  we  cannot  procure  it  in  a  separate 
state,  we  may,  on  account  of  its  properties,  give  the  name  of 
"pepsin.** 

The  action  of  the  digestive  principle  on  casein  deserves  a  more 
particular  consideration.  Berzelius  had  already  pointed  out  that  the 
rennet  of  the  calf  has  the  property  of  coagulating  milk,  even  after  all 
traces  of  acidity  have  been  removed  by  washing.  It  is  known,  too, 
that  the  coagulation  of  the  casein  produced  by  rennet  is  peculiar,  in- 
asmuch as  the  curds  are  insoluble  in  water,  while  the  coagula  of 
casein  produced  by  alcohol  or  acids  are  again  soluble  in  water^and 
in  an  additional  quantity  of  acid.  Now  Schwann  has  shown  that 
this  property  of  coagulating  the  casein  is  possessed  by  the  artificial 
digestive  fluid  even  when  neutralised.  On  the  addition  of  a  very 
small  quantity  of  the  acid  fluid  to  milk,  and  the  application  of  heat, 
the  coagulated  casein  soon  separates:  of  the  neutral  fluid,  more  than 
0.42  per  cent,  are  necessary:  but  0.83  are  sufficient.  The  power  of 
the  artificial  digestive  fluid  to  coagulate  milk  is  destroyed  by  the 
boiling  temperature;  it  cannot,  therefore,  be  the  saline  ingredients 
which  produce  the  coagulation.  This  peculiar  action  of  the  digestive 
principle  on  milk,  renders  the  latter  fluid  a  test  for  its  presence;  if  a 
neutral  fluid  coagulates  milk,  but  loses  this  property  immediately  on 
being  boiled,  we  may  infer  that  it  contains  the  digestive  principle. 
Schwann  has  in  this  way  proved  that  the  digestive  principle  which 
we  are  here  considering,  really  exists  in  the  stomach.  He  divided 
the  stomach  of  a  rabbit,  which  had  died  immediately  after  birth,  into 
two  portions;  boiled  one,  and  then  added  to  each  some  milk.  On 
the  application  of  a  gentle  heat,  the  milk  coagulated  in  the  portion 
which  had  not  been  boiled,  while  in  the  other  it  remained  unchanged. 
Wasmann,  however,  found  that  the  watery  extract  of  the  mucous 
membrane  of  the  stomach  of  the  adult  pig  or  rabbit,  of  the  fourth 
stomach  of  the  ox,  or  of  the  human  stomach,  had  not  the  property  of 
coagulating  milk;  and  that  when  acidulated,  it  had  not  this  power 
in  a  greater  degree  than  dilute  acid  of  the  same  strength.  He,  there- 
fore, imagines  that  the  property  in  question  must  be  possessed  by  the 
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« 

Stomach  only  so  long  as  the  animal  sucks, — an  opinion,  opposed, 
however,  to  the  observation  of  Schultz,  (page  884.) 

The  solution  of  some  of  the  alimentary  substances  is  effected  not 
by  the  digestive  principlcj  which  we  have  named  pepsin;  but  by 
the  acids,  either  principally ,  or  with  the  aid  of  another  organic 
matter. — The  substances  easily  soluble  in  the  digestive  principle  are 
fibrin,  muscular  substance,  and  coagulated  albumen;  while  casein, 
gelatin,  and  vegetable  gluten  appear,  from  Schwann's  experiments, 
not  to  be  dissolved  by  it:  for  when  they  were  digested  separately 
with  diluted  acids  and  dilute  digestive  fluid,  no  diflference  could  be 
perceived  in  the  change  which  they  underwent  in  the  two  fluids; 
while  ihe  solutions  resulting  from  the  digestion  of  these  substances 
in  the  mere  dilute  acids,  displayed  the  same  characters  with  re-agents 
as  were  observed  by  Tiedemann  and  Gmelin  in  the  products  of  the 
solution  of  the  same  substances  in  natural  digestion,  with  the  ex- 
ception of  those  due  to  the  starch,  which  were  absent  here.  The 
gelatin  lost  its  property  of  coagulating;  and  tincture  of  iodine  threw 
down  a  precipitate  in  the  solution  of  gluten  in  the  dilute  acid,  but 
produced  no  change  of  colour. 

The  action  of  an  acid  is  not  adequate  to  explain  the  changes  which 
starch  undergoes  in  natural  digestion;  namely,  its  conversion  into 
gum  of  starch  and  sugar.  The  digestion  of  starch  in  dilute  acid, 
even  with  the  addition  of  some  of  the  artificial  digestive  fluid,  does 
not  give  rise  to  the  formation  of  any  sugar.  But  Schwann  has  veri- 
fied the  statement  of  Leuchs,  that  starch  is  converted  into  sugar  by 
the  action  of  saliva.  He  digested  in  some  acidulated  saliva,  for 
twenty-four  hours,  a  certain  quantity  of  boiled  starch,  then  filtered 
the  fluid,  and  found  that  iodine  produced  in  it  no  change  of  colour. 
Having  neutralised  it,  and  evaporated  it  to  dryness,  he  obtained  from 
the  residue  by  means  of  alcohol  a  considerable  quantity  of  sugar, 
which  he  recognised  by  its  taste  as  well  as  by  its  property  of  fer- 
menting with  yeast.  The  part  of  the  residue  which  the  alcohol  did 
not  take  up,  consisted  of  the  salivary  matter  of  the  saliva,  in  part 
altered  in  its  properties,  and  of  starch  changed  to  a  substance  resem- 
bling gum,  which  did  not  with  iodine  strike  the  colour  which  cha- 
racterises starch.     {Schwann,  loc.  cit,) 

Since  the  activity  of  the  digestive  principle  depends  on  the  presence 
of  a  free  acid,  it  is  easy  to  understand  how  a  neutral  gastric  fluid  hold- 
ing saline  matters  in  solution  can,  as  Purkinje  has  observed,  (Muller^s 
Jirchiv.  1838,  p.  1,)  be  rendered  active  by  the  agency  of  galvanism, 
which  will  decompose  the  salts  and  set  free  the  acid  at  the  positive 
pole. 

Influence  of  the  nerves  and  electricity  on  digestion, — It  has  in- 
deed been  supposed  that  electricity  is  capable  of  replacing  the 
influence  of  the  nervus  vagus  in  digestion  when  this  influence  has 
•  been  lost.  The  digestive  process  is  nearly  entirely  arrested  by  the 
division  of  the  vagus  nerves  on  both  sides.  Blainville,  having  per- 
formed the  experiment  on  pigeons,  observed  that  the  vetches  which 
they  swallowed  afterwards  remained  unaltered  in  their  crop,  and 
that  the  process  of  chymification  was  wholly  arrested*    The  same 


396  mvLUENCE  or  subctrioity, 

result  attended  similar  experiments  by  Legallois,  Dupuy^  Dr.  Wilson 
Philip,  Clarke,  Abel,  and  Hastings.  While,  on  the  other  hand, 
Broughton,  Magendie  and  Leuret,  and  Lassaigne  state  that  dtgestioa 
appeared  to  them  to  be  uninfluenced  by  the  division  of  the  nerve  in 
question.  Mayer  {Tiedemann^a  2kiischr\ft,  ii.  1,)  also  found  that 
the  digestive  process  continued  for  a  certain  time,  and  that  acid 
chyme  was  formed — at  all  events  in  rabbits.  Brachet,  (Secherehes 
sur  les  /onci.  du  Sysi,  GangL  Paris j  1830,)  too,  states,  that  in  all 
his  experiments  the  food  underwent  chymiflcation  at  the  parts  where 
it  was  in  contact  with  the  coats  of  the  stomach. 

The  question  cannot,  however,  be  determined  with  complete  cer- 
tainty in  quadrupeds,  on  account  of  death  taking  place  in  them  so 
soon  after  the  operation;  I  have  therefore,  in  conjunction  with  Dn 
Dieckhof,  instituted  experiments  on  geese.  After  the  birds  bad  been 
forty-eight  hours  without  food,  they  were  fed  with  oats.  In  each 
experiment  two  birds  were  required.  In  one  the  vagus  was  divided 
on  both  sides,  while  the  other  was  left  uninjured  for  the  sake  of  com- 
parison. After  the  death  of  the  first,  which  took  place  in  the  space 
of  five  days,  the  second  was  killed.  In  the  latter  the  crop  was  gene* 
rally  empty;  in  the  former  it  was  always  fully  distended  with  oats^ 
and  some  grains  were  contained  in  the  muscular  gizzard,  and  these 
were  in  part  crushed.  The  fluid  in  the  stomach  was  acid,  but  less 
80  than  in  the  other  uninjured  animtal.  Hence  we  may  conclude 
that  digestion  is  for  the  most  part,  but  not  entirely,  checked  by  the 
division  of  the  nervi  vagi.  Tiedemann  states,  it  13  true,  that  after 
both  vagi  had  been  divided  in  a  dog,  neither  the  matter  vomited  nor 
the  mucus  secreted  by  the  stomach  was  acid;  and  Mayer  also  relates 
that  in  his  experiments  on  cats  and  dogs  the  chyme  formed  after  the 
operation  was  not  acid:  yet  he  found  the  chyme  acid  in  rabbits;  and 
in  my  experiments  with  Dr.  Dieckhof  I  never  found  the  acidity 
absent,  although  it  was  less  marked  than  in  the  sound  animal.  In 
four  of  the  dogs  in  which  Dr.  Reid  had  divided  the  vagi  nerves  in 
the  neck  for  the  purpose  of  ascertaining  the  nature  of  the  morbid 
changes  produced  in  the  lungs,  unequivocal  proofs  were  afibrded, 
that,  although  lesion  of  the  nervi  vagi  generally  arrests  digestion,  yet 
that  process  may  occasionally  go  on  perfectly  well,  even  although 
the  cut  ends  of  the  nerves  are  kept  far  apart.  One  dog  which  lived 
twelve  days  after  the  operation,  was  rapidly  gaining  flesh  and 
strength;  and  when  he  was  killed,  the  lacteals  and  the  thoracic  duct 
were  found  full  of  milky  chyle.  In  two  other  dogs,  food  taken  after 
the  operation  was  vomited  in  a  half-digested  state,  and  was  found  to 
permanently  redden  litmus  paper;  and  the  lacteals  were  filled  with 
chyle  in  one  of  these  dogs  also,  as  well  as  in  a  fourth  by  which  milk 
that  was  given  to  it  was  vomited  in  a  coagulated  state.* 

Dr.  Wilson  Philip  has  asserted  that,  after  the  experiment  of  di- 
viding the  nervi  vagi  has  been  performed,  the  digestive  action  may 
be  restored  by  means  of  an  electrical  current  transmitted  through  tbe 

•  Dr.  J.  Reid's  Experimental  Investigation  into  the  function  of  the  eighth  pair 
of  nerves.  Eklin.  Med.  and  Sorg.  Jonrn.  vol.  51,  p.  310,  et  seq.,  and  Ameneaa 
Edit.,  in  volume  fonn» 


▼agas  nerve,  one  pole  of  the  battery  being  applied  to  the  nerve,  the 
ether  to  a  piece  of  tin  foil  laid  over  the  epigastric  region.  The 
ezpetiments  were  repeated  by  Breschet  and  Vavasseur.  They 
Ibnnd  that  simple  division  of  the  nervi  vagi  had  not  the  effect  of 
eompletely  arresting  the  digestive  process,  although  this  was  the 
result,  when,  in  place  of  the  nerve  being  merely  divided,  a  portion 
of  it  was  removed.  {Froriep^s  Notiz.  vi.  261.)  I  must  remark,  how- 
ever, that  when  a  nerve  is  divided,  whether  a  portion  is  cut  out  or 
not,  it  is  paralysed,  and  remains  so  for  a  very  long  time.  Breschet 
and  Vavasseur  in  the  next  place  affirmed,  that  by  directing  an  electric 
current  through  the  divided  nerves,  digestion  could  be  entirely  re- 
stored; in  which  effect  they  attribute  some  share  to  the  increased 
muscular  action  of  tho  stomach.  Breschet  and  Edwards  {^reh, 
6Sn.  de  Mbd.  1828,)  have,  however,  since  modified  these  views:  as 
the  results  of  their  later  experiments,  they  announce  that  division  of 
the  nervi  vagi  retards  chymification,  but  does  not  completely  arrest 
it;  that  this  retardation  of  the  process  depends  on  the  paralysis  of 
the  oesophagus,  which  is  likewise  the  cause  of  the  vomiting  that 
oecura  after  the  operation;  and  that  the  restoration  of  the  digestive 
process  by  means  of  the  electric  current,  is  not  owing  to  the  elec- 
tricity itself,  but  to  the  irritation  of  the  vagus  nerve  produced  by  it, 
since  mechanical  irritation  of  the  lower  portion  of  the  nerve  has  the 
sanM  effect  in  restoring  the  digestive  process,  which  it  does  by  re- 
tfciting  the  motions  of  the  stomach.  But  as  I  have  frequently  stated, 
on  the  ground  of  experiment,  the  motions  of  the  stomach  cannot  be 
in  the  slightest  degree  affected  by  irritation  of  the  nervus  vagus.  If 
MM.  Breschet  and  Edwards  had  only  continued  their  experiments 
longer,  they  would  perhaps  have  perceived  that  neither  the  electric 
nor  mechanical  stimulus  had  any  remarkable  effect  on  the  digestive 
process;  that  the  animals  remained  in  the  same  state,  whether  these 
slimQli  were  applied  or  not,  as  appeared  to  be  the  case  in  the  follow- 
ing experiments  of  Dr.  Dieckhof  and  myself: — 

In  each  experiment  we  took  three  rabbits,  kept  them  without  food 
for  forty-eight  hours,  and  then  fed  them  with  cabbage.  One  was 
left  uninjured;  in  the  second,  the  two  nervi  vagi  were  simply  divided; 
and  in  the  third,  the  nerves  were  in  like  manner  divided,  but  in  it  a 

Salvanic  current  was  directed  through  the  nerves  in  the  way  directed 
f  Dr.  W.  Philip,  and  maintained  for  seven  or  eight  hours.  As  soon 
as  either  the  third  or  the  second  rabbit  died,  the  other  two  were  also 
killed.  In  every  experiment  we  found  that  the  sound  rabbit  had 
digested  perfectly;  all  that  remained  of  the  food  was  the  insoluble 
portion,  which  was  nearly  dry;  in  the  two  others  the  food  in  the 
stomach  was  in  nearly  exactly  the  same  state  in  both:  in  one  instance 
the  food  of  the  rabbit  in  which  the  galvanism  had  been  applied  was 
somewhat  less  digested;  in  many  cases  the  state  of  the  food  in  the 
two  was  exactly  the  same,  and  in  several  instances  it  was  in  the  gal- 
vanised rabbit  perhaps  somewhat  more  digested  than  in  the  other, 
but  the  difference  was  scarcely  to  be  noticed.* 

*  Dieckhof  de  aetiooe  qaam  nerras  vagns  in  digestioDem  ciborom  exerosit, 
Befol.  183S. 
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Matteuci  affirms  that  he  has  been  able  to  effect  the  artificial 
digestion  of  meat,  with  chloride  of  sodium  and  the  simultaueoos 
influence  of  electricity.  Grounding  his  opinion  on  the  experiments 
of  Wilson  Philip,  Matteuci  imagines  the  acid  reaction  of  the  stomach 
to  be  produced  by  a  positive  electric  state  of  the  viscus.  To  prove 
thiSy  he  took  a  piece  of  boiled  meat,  poured  water  over  it,  and  added 
some  common  salt  and  carbonate  of  soda;  he  kept  the  mixture  a  long 
time  at  a  proper  temperature,  constantly  triturating  it  until  it  was 
reduced  to  a  pulpy  mass  like  that  produced  by  mastication.  He 
then  introduced  the  pulp  thus  prepared  into  a  bladder  moistened 
with  solution  of  common  salt,  and  connected  with  the  bladder  the 
poles  of  a  galvanic  battery  of  eighteen  or  twenty  pairs  of  plates. 
The  result  was,  he  states,  that  along  the  walls  of  the  bladder,  and 
especially  around  the  positive  wire,  a  layer  of  a  whitish  dense  sab- 
stance  full  of  bubbles  of  oxygen  gas  was  formed;  that  this  substance 
was  flaky, and  after  being  dissolved  in  water  coagulated  when  heated. 
I  had,  during  a  very  long  period,  tried  in  vain  to  dissolve  portions  of 
meat  in  acids  or  chloride  of  sodium  with  the  aid  of  an  electric  cur- 
rent; the  results  obtained  by  M.  Matteuci  could  not,  therefore,  bat 
appear  very  improbable  to  me.  I  have,  in  conjunction  with  Dr. 
Dieckhof,  repeated  the  experiment;  we  introduced  into  different 
bladders  two  portions  of  the  same  pulp,  consisting  of  pieces  of  meat 
with  common  salt  and  carbonate  of  soda;  one  bladder  only  was  sub- 
jected to  galvanism,  the  other  was  left  undisturbed.  At  the  con- 
clusion of  the  experiment,  no  kind  of  difference  could  be  detected 
between  the  fluids  contained  in  the  two  bladders. 

c.  Of  the  changes  which  the  chyme  undergoes  in  the  sinall  an- 
testines. — We  recur  to  the  excellent  researches  of  Tiedemann  and 
Gmelin,  for  they  contain  ail  that  we  know  with  certainty  relative  to 
the  subsequent  changes  which  the  chyme  undergoes.  In  the  duode- 
num the  chyme  is  acid.  The  stimulus  which  it  exerts  on  the  coats 
of  the  intestine,  and  which  is  propagated  along  the  ductus  chole- 
dochus  and  its  branches  generally,  gives  rise  to  the  effusion  of  bile 
and  pancreatic  Juice:  Tiedemann  has  found  the  gall-bladder  almost 
empty  in  animals  in  which  digestion  was  going  on.  After  gelatin 
had  been  given  as  food,  it  could  still  be  detected  in  the  contents 
of  the  small  intestine;  when  butter  had  been  given,  the  contents 
of  the  small  intestine  contained  a  fatty  matter;  casein  was  detected, 
though  not  distinctly,  when  the  animal  had  been  fed  with  cheese; 
and  some  remains  of  starch  were  found,  though  not  always:  the 
starch  was  in  greater  part  converted  into  gum  of  starch.  When 
the  food  had  consisted  of  milk,  cheesy  clots  were  met  with  in  the 
first  half  of  the  small  intestine.  A  dog  having  been  fed  with  some 
bones,  small  fragments  of  the  bone  were  found  in  the  upper  half  of 
the  small  intestine;  in  the  lower  half,  abundance  of  phosphate  of 
lime,  with  a  small  quantity  of  carbonate  of  lime.  In  horses  which 
had  been  fed  on  oats,  the  upper  half  of  the  small  intestine  still  con- 
tained starch;  but  in  the  middle  and  lower  part  of  the  intestine  this 
substance  had  no  longer  its  characteristic  properties. 

Tiedemann  and  Gmelin  found  the  contents  of  the  upper  half  of 
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the  small  intestines  acid,  though  less  strongly  so  than  the  matters  in 
the  stomach;  the  acidity  gradually  diminished  in  approaching  the 
caecum^  and  at  the  extremity  of  the  ileum  could  usually  be  no  longer 
detected.  The  experiments  of  these  observers  leave  undetermined 
the  cause  of  the  chyme  losing  its  acidity, — whether  it  is  owing  to  its 
aeid  being  neutralised  by  the  alkaline  carbonate  of  the  bile,  or  to 
the  lower  part  of  the  small  intestine  pouring  out  an  alkaline  secre* 
tipn:  or  whether,  in  consequence  of  decomposition  commencing, 
ammonia  is  developed  and  neutralises  the  acid;  or  lastly,  whether 
the  acid  part  of  the  chyme  is  absorbed  from  the  intestines,  in  which 
case  it  must  lose  its  acidity  in  its  course  through  the  lacteals  and 
niesenteric  gland,  since  the  chyle  itself  is  certainly  alkaline. 

The  principal  animal  matters  composing  the  chyme  of  the  small 
intestines  arei-r* 

1.  Albumen;  of  which  the  quantity  decreases  in  the  lower  part  of 
the  small  intestines,  in  consequence  of  the  absorption  of  the  chyme 
by  the  lacteals. 

2.  Casein;  which  likewise  diminishes  in  quantity  as  we  approach 
the  csecum. 

Respecting  these  two  substances,  it  cannot  be  determined  how 
lai^e  a  portion  of  them  is  owing  to  digestion,  and  how  much  to  the 
secretions  poured  into  the  digestive  canal, — for  instance,  to  the  pan- 
creatic secretion.  Tiedemann  and  Gmelin  think  it  possible  that  the 
casein  of  the  pancreatic  secretion  containing  a  large  proportion  of 
nitrogen,  yields  a  portion  of  this  element  to  different  ingredients  of 
the  alimentary  substances,  which  contain  less  nitrogen,  so  as  to 
reduce  itself  to  their  standard  in  this  respect,  and  to  convert  them 
into  albumen. 

3.  An  azotized  substance  precipitated  by  muriate  of  tin.  (Salivin 
ai^d  osmazome.)  Its  quantity  diminishes  in  the  course  of  the  passage 
of  the  ingesta  through  the  small  intestines. 

4.  A  matter  to  which  chlorine  imparts  a  red  colour, — derived 
probably  from  the  pancreatic  secretion  since  it  cannot  be  detected 
in  the  stomach;  and  being  found  in  the  small  intestines  after  the  bile 
duct  has  been  tied,  cannot  be  derived  from  the  bile.  It  is  not  found 
in  the  matter  of  the  excrement. 

5.  Substances  soluble  in  alcohol,  and  insoluble  in  water.  Fatty 
matter,  stearine,  and  the  colouring  and  resinous  matters  of  the  bile« 

The  substances  here  enumerated  do  not  differ  in  their  nature  from 
those  which  Tiedemann  and  Gmelin  found  in  the  contents  of  the  in- 
testines in  animals  which  had  been  kept  without  food.  With  the 
exception,  therefore,  of  the  abundant  albumen,  the  product  of  the 
food,  they  are  most  probably  derived  from  the  secretions  poured  into 
the  canal,  particularly  the  pancreatic  secretion,  which  contains  albu- 
men, casein,  and  a  matter  which  is  reddened  by  the  action  of  chlo- 
rine. 

Infiuenct  of  the  biliary  secretion  on  the  chyme. — Dr.  Beaumont 
has  investigated,  by  experiment,  the  effect  of  mixing  bile  with  the 
chyme  out  of  the  body.  On  adding  some  bile  of  the  ox  to  chyme 
obtained  from  the  stomach  of  St  Martin,  a  turbid  yellowish-white 
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fluidi  or  rather  delicate  white  coagola  were  formedt  which,  afier 
standing  some  little  time,  separated  into  a  bright  yeitow  flaky  pre- 
cipitate,  and  a  turbid  milky  fluid.  For  the  sake  of  comparison,  Dr. 
Beaumont  mixed,  in  another  experiment,  bile  and  dilute  muriatic 
acid,  of  each  one  drachm,  with  two  ounces  of  water;  and  a  similar 
turbidity  was  the  result;  but  the  sediment  which  formed  was  gelaU- 
Dous  and  of  a  deep  green  colour,  and  the  supernatant  fluid  of  a 
bluish-green  colour,  and  not  milky  as  in  the  former  case. 

Purkinje  has  observed  tl)at  the  addition  of  even  a  small  quantity 
of  bile  to  the  digestive  fluid,  puts  a  stop  to  artificial  digestion.  Tiede- 
mann  and  Gmelin's  researches  afford  no  satisfactorv  information  re- 
lative  to  the  office  of  the  bile  in  the  process  of  chymification.  The 
acids  of  the  chyme  coagulate  the  mucus  of  the  bile  and  precipitate  it, 
together  with  a  great  part  of  the  colouring  matter.  The  choleste- 
rine,  likewise,  is  precipitated,  and  is  obtained  by  digesting  in  alcohol 
that  part  of  the  contents  of  the  intestine  which  is  insoluble  in  water. 
The  margaric  acid  found  in  the  contents  of  the  small  intestines,  it 
believed  by  Tiedemann  and  Gmelin  to  be  likewise  derived  from  the 
bile.  The  resin  of  the  bile  contained  in  that  portion  of  the  intestinal 
contents  which  is  insoluble  in  water,  appeared  to  them  to  be  an  ex- 
crementitious  substance  having  no  influence  in  the  changes  which 
the  food  undergoes,  and  forming  a  principal  ingredient  in  the  fsecal 
matter.  The  opinion  of  Werner,*  generally  adopted  by  physiolo* 
gists — that  the  chyle  is  precipitated  by  the  bile  in  the  form  of  floccuii 
— was  found  by  Tiedemann  and  Gmelin  to  be  groundless.  The 
mixture  of  bile  with  the  fluid  contents  of  the  stomach,  produced  no 
other  precipitates  than  resulted  from  the  addition  of  an  acid  to  bile. 
The  floccuii  in  the  small  intestine,  which  are  supposed  to  be  flakes 
of  chyle,  are  nothing  more  than  shreds  of  mucus,  and  were  present 
even  when  the  ductus  choledochus  communis  had  been  tied.  The 
chyle  which  is  absorbed  by  the  lacteals,  is  fluid.  Autenrieth  and 
Sir  A.  Cooper  speak  of  the  chyle  as  a  tolerably  consistent  matter, 
lying  between  the  villi,  and  coagulating  when  exposed  to  the  air. 
(See  also  Mernethy^s  PhysioL  Lectures^  p.  1S9.)  This  matter  is, 
however,  according  to  Tiedemann  and  Gmelin,  merely  mucus;  so 
that  the  statement  that  it  coagulates  must  be  erroneous.  The  matters 
in  the  bile  which  have  a  share  in  producing  the  necessary  changes 
in  the  chyme,  are  probably  the  picromel,  the  osmazome,  the  matter 
similar  to  gliadin,  and  the  cholic  acid,  since  it  appears  from  the  inves- 
tigations of  Tiedemann  and  Gmelin  that  they  do  not  exist  in  the  ex- 
crement. It  is  not  probable  that  the  sole  office  of  the  bile,  in  addi« 
tion  to  the  elimination  of  the  resin  and  colouring  matter,  which  are 
excrementitious  substances,  is  to  neutralise  the  acid  of  the  chyme,  and 
thus  to  prepare  the  latter  for  the  change  which  it  undergoes  in  the 
lacteals,  where,  in  the  state  of  chyle,  it  becomes  alkaline.  Those  of 
its  essential  components  which  do  not  form  part  of  the  excrement, 
either  contribute  to  complete  the  solution  of  the  chyme,  which  was 
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Bailer's  opiDion;  or  they  must  serve  to  effect  the  eooTersion  of  the 
chjrnae  into  the  chyle, — that  is  to  say,  the  production  of  albumeQ 
from  the  food,  as  Prout  supposes.  Tiie  chyle  taken  from  the  lacteals 
contains,  with  the  exception  of  albumen,  none  of  the  animal  matters 
which  Tiedemann  and  Gmelin  detected  in  the  intestines,  nor  those 
•oluble  components  of  the  bile  which  do  not  form  part  of  the  excre- 
ment; all  that  the  chyle  contains  in  place  of  these  matters  is  albumen. 

Effects  of  ligature  qf  the  bile  ducL-^Sir  B.  Brodie  {Quarterly 
Journ.  of  Sc.  and  Jlrts^  1S23,)  has  endeavoured  to  ascertain  the 
degree  in  which  the  bile  contributes  to  the  process  of  chylification, 
by  applying  a  ligature  to  the  ductus  choledochus.  Jaundice  was  a 
consequence  of  the  operation,  but  this  sometimes  disappeared  after  a 
time;  and  then  it  was  found  that  an  effusion  of  lymph  had  taken 
place  at  the  seat  of  the  ligature,  and  had  reunited  the  divided  portions 
of  the  ducu  As  to  the  effect  of  the  operation  on  digestion,  Sir  B. 
Brodie  states  that  the  process  in  the  stomach  was  unaffected,  but 
that  chyle  was  no  longer  formed  from  the  chyme;  that  neither  the 
lacteals  nor  the  thoracic  duct  contained  any  white  cliyle. 

Tiedemann  and  Gmelin  have  rendered  valuable  service  to  physio- 
logy by  the  experiments  (ten  in  number)  which  they  have  performed . 
to  ascertain  the  correctness  or  Brodie's  statement.  The  results  which 
tbey  obtained  are  in  accordance  for  the  most  part  with  those  of  the 
last  named  gentleman.  After  an  interval  of  from  thirteen  to  twenty* 
six  days,  the  canal  was  found  to  be  restored.  The  colouring  matter 
of  the  bile  was  detected  in  the  blood  and  urine,  and  the  lymphatics 
of  the  liver  were  yellow.  In  the  experiments  of  Tiedemann  and 
Gmelin,  as  in  those  of  Brodie,  digestion  went  on  uninterruptedly. 
The  contents  of  the  small  intestines  also  did  not  differ  essentially  fromi 
what  they  are  under  ordinary  circumstances.  In  all  Tiedemann  and 
Qmeiin's  experiments,  the  contents  of  the  large  intestines  had  a  much 
more  fetid  and  disagreeable  odour  than  ordinary  (while  Leuret  and 
Lassaigne  stated  that'they  had  a  strong  odour  and  insipid  savour,  not 
the  usual  disagreeable  odour  and  savour),  and  the  excrements  were 
iirhite.  In  dogs  which  had  been  fed  after  the  operation,  the  lacteals 
<^  the  small  intestine  contained  a  clear  transparent  fluid,  just  as  in 
the  dogs  which  had  not  taken  food;  while  in  dogs  in  which  the  duc- 
tus choledochus  has  not  been  tied,  the  contents  of  the  lacteals  are 
milky.  Tlie  fluid  of  the  thoracic  duct  was  generally  redder  than 
ordinary,  and  yielded  a  larger  and  redder  coagulum  in  dogs  in  which 
the  bile  duct  had  been  tied,  than  in  those  in  which  the  operation  had 
not  been  performed:  the  serum  in  the  former  was  yellow  and  turbid; 
la  the  latter  milky.  The  nature  of  the  fluid  in  the  thoracic  duct  does 
not,  however,  prove  much  in  reference  to  the  question;  for  the  lymph 
from  other  parts  of  the  body  is  also  coagulable;  and  in  animals  kept 
without  food,  the  lymph  continues  to  afford  a  coagulum  for  a  very 
long  time,  as  Collard  de  Martigny  has  shown,  and  the  lacteals  in 
such  animals  likewise  carry  lymph.  It  is,  however,  a  very  important 
fact  that,  after  the  ductus  choledochus  has  been  tied,  although  the 
animals  are  fed,  the  chyle  is  transparent;  while  in  the  natural  state 
it  if  milky.    Tiedemann  and  Gmelin,  indeed,  say,  the  white  milky 
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colour  of  the  chyle  is  known  to  be  owing  to  the  presence  of  partidei 
of  fat  Still  this  difference  in  the  appearance  of  the  chyle,  after  the 
ligature  of  the  bile  duct,  deserves  further  consideration.  The  experi- 
ments of  Tiedemann  and  Gmelin,  do  liot  prove,  in  a  satisfactory 
manner,  that  the  formation  of  chyle  is  independent  of  the  bile. 
Tiedemann  and  Gmelin  also  urge  as  an  argument  in  favour  of  their 
opinion,  that  many  of  the  dogs  lived  for  a  considerable  time  after  the 
operation, — from  three  to  seven  days.  In  one  case,  in  which  the 
jaundice  remained,  although  the  canal  of  the  duct  was  restored,  the 
animal  lived  twenty-six  days;  at  the  end  of  which  time  it  was  killed^ 
But  dogs  will  live  about  thirty-six  days,  although  wholly  deprived 
of  food.  Leuret  and  Lassaigne,  who,  with  Tiedemann  and  Gmelin, 
maintain  that  digestion  and  chylification  are  not  arrested  by  ligature 
of  the  ductus  choledoehus^  attribute  to  the  btle  the  property  of  die- 
solving  the  fat,  of  decomposing  it,  and  forming  with  it  a  kind  of  soap, 
thus  effecting  its  digestion.  But  experiments  of  Tiedemann  and 
Gmelin  show  that  bile  is  not  capable  of  dissolving  the  smallest  quan- 
tity of  fatty  matter,  and  can  therefore  contribute  to  its  division  and 
absorption  only  in  a  mechanical  manner,  by  effecting  its  suspension 
in  minute  particles. 

The  bile  seems  to  be  a  necessary  stimulus  for  the  peristaltic  mo- 
tions of  th  eintestines;  for,  when  its  flow  is  arrested,  constipation  it 
the  result. 

d.  Changes  which  the  ingesta  undergo  in  the  large  intestine.'^ 
The  mixture  of  chyme,  mucus,  bile,  and  pancreatic  juice,  becomes  in 
its  passage  through  the  lower  part  of  the  small  intestines  more  con- 
sistent and  of  a  darker  colour.  The  fluid  parts  are  absorbed  by  the' 
lacteals.  All  the  solid  matters,  as  mucus,  skins  of  fruit,  woody  fibre, 
homy  matter,  and  those  ingredients  of  the  bile  which  are  excremen- 
titious,  such  as  the  mucus,  colouring  matter,  fatty  matter,  and  resin, 
on  reaching  the  lowerextremity  of  the  small  intestine,  constitute  the 
excrement,  from  which,  however,  the  fluid  ingredients  continue  to 
be  absorbed  in  its  passage  through  the  large  intestine. 

Tiedemann  and  Gmelin  regard  the  acid  secretion  of  the  caecum  as 
a  second  solvent  of  the  animal  matter.  This  second  digestion  would 
appear  to  take  place  principally  in  the  herbivora,  in  which  the  caecum 
is  especially  large;  and  it  is  very  probable  that  in  the  horse,  in  which 
the  food  passes  the  pylorus  in  a  far  less  perfectly  dissolved  state  than 
in  man,  the  digestive  process  must  be  continued  in  the  very  large 
caecum  and  colon.  Schultz  follows  Tiedemann  and  Gmelin  in  admit- 
ting that  digestion  is  renewed  in  the  caecum,  but  supposes  that  the 
gastric  and  csecal  digestions  antagonise  each  other;  that  the  first  is 
performed  during  the  day,  the  latter  during  the  night,  and  that  the 
first  commence  when  the  latter  ceases.  Each  meal  ought,  according 
to  this  hypothesis,  to  pass  through  the  whole  intestinal  canal  in 
twenty-four  hours,  which  is  not  regularly  the  case.  In  Tiedemann's 
experiments  of  a  ligature  of  the  ductus  choledochus,  the  excrements 
did  not  appear  white  until  two  days  after  the  operation.  Schultz 
imagines,  moreover,  that  while  the  digestion  is  going  on  in  the  large 
intestine,  the  entrance  into  it  is  closed,  that  bile  collects  in  the  lower 
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part  of  the  small  intestine^  and  does  not  enter  the  large  intestine  till 
ebymification  in  the  latter  is  completed;  and  that  it  then  flows  into 
the  cascamy  and  neutralises  the  chyme. 

Qaatous  matters  in  the  intestines. — Air  is  swallowed  with  the 
foody  and  is  in  the  stomach  partly  converted  into  carbonic  acid;  but, 
in  addition  to  this,  a  development  of  gas  takes  place  during  digestion 
in  the  whole  extent  of  the  alimentary  canal.  Its  nature  depends 
partly  on  the  kind  of  food,  and  partly  on  the  state  of  the  digestive 
oi^ns.  In  affections  of  the  nervous  system,  the  evolution  of  gas  is 
often  very  abundant;  it  is  sometimes  devoid  of  smell,  but  generally 
has  the  odour  of  sulphuretted  hydrogen,  and  is  frequently  inflam- 
mable. It  may  consist  of  hydrogen,  carburretted  hydrogen,  or  sol- 
pharetted  hydrogen.  The  analysis  of  the  gases  contained  in  the 
mtestiues  of  executed  cfiminals  afforded  Magendie  and  Chevreulthe 
following  results: — 

The  gas  in  the  small  intestine  consisted,  in  three  individuals,  of 

Carbonic  acid  gav,  .  94  39  4(H)0  35-00 

Hydrogen,  .  .  55*53  5M5  8-40 

Nitrogen,  .  .  30^8  8-85  6660 

100-00             10000  100-00 

The  gai  in  the  colon  That  in  tiM 

oonaiated  of  reotom  of  ' 

Oirbooteaoid 43-50        7000  43-86 

Carburetted  hydrogen,  with  traoca  of  sulphnret-  ^      •  ^«          __  ^_^ 

tod  hydrogen,  •      ^ 

Bydrogeo,  and  oarbaretted  hydrogen,                         »-          11*60  — 

Pare  earbaretted  hydrogen,  •                                     —            ^-  11-18 

Hilragen,       .           .                                              51-03        18-40  45-96 

lOOKM)       100K)0  lOOOO 

I  refer  to  the  work  of  Berzelius  (Chimie  Animale^  p.  268,)  for  an 
account  of  the  composition  of  the  excrement.  Human  faeces,  of 
consistence  sufficient  to  form  a  coherent  mass,  are,  according  to  his 
analysis,  formed  of 

W«ter,  TM 

rBile,  .  0-9^ 

Xattm  eoluble  in  water,       )  ^Ibumcn,     -  •  ??  C       .  .  « 

MMWiw  «uiuui<7  •«  w«wi,       -V  pecQJmf  extractive,  .  3-7  C 

(Salta,  .  13) 

la  the  VBeidoeoftbo  ibod,     .  •  •  •  T*0 

laaokible  matters  which  are  added  in  the  intcatinal  canals— oiucua,  biliary,  resin,  ^    |^ 
Ikt,  and  a  peculiar  animal  matter,  ...  .  .        ( 

lOM 

In  birds  and  reptiles  the  urine  and  faeces  are  both  received  into 
the  cloaca. 


CHAPTER  VI. 

OF     CHTLiriCATION. 


DvaiNO  the  passage  of  the  chyme  through  the  whole  tract  of  the 
intestinal  canal^  its  completely  digested  parts  are  taken  up  by  the 


hrtwh.  The  mode  io  vbich  thii  afawqnaon  is 
alnmdy  diMMUMsd  in  tlie  SectioD  cm  the  Irmpb  and 
The  oUtfcrratAou  there  adduced,  that  the  aennD  W  the  hkiod  «f 
tcm  wtiich  are  sucking  is  saaftetinies  periectir  vhiiCy  vonid 
it  appear  probable  that  ia  those  eases  the  gioboles  of  the  milk 
reaiJy  gaiu  eutraiAoe  into  the  lacteak.  But  this  suie  of  the  hlood 
not  coMstaiAt  uiider  the  circumstaooes  iodicaied,  and  it  miglii 
irom  tike  satoe  cause  as  ti^ie  siiniUr  appearaiioe  of  the  bkmd 
tunes  prevents  iu  aduJtSy  wheo  the  chyle  has  not  ondergc 
ehaiige  of  sanguification,  or  when  it  contains  a  greater  quantity  of 
latiy  particles.  The  coats  of  the  radicle  lacteais  most,  a  is 
have  invisible  pores,  since  they  absorb  fluids;  but  these  pores^ 
if  ttiey  allow  tiie  passage  of  globules,  cannot  be  larger  than  Ihechfio 
giobiUes  tlieniM^lves,  which  Prevost  and  Dumas  state  to  liave  a 
diameter  of  jf^p  of  an  inchy  and  which,  according  to  my 
m^ut,  are  for  ttie  most  part  (in  the  calf,  goat,  and  dog)  Inlf  or 
third  tine  size  of  the  red  particles  of  the  blood  of  a  mammiferoos 
animal.  For,  if  the  size  of  the  pores  were  more  consideFable,  larger 
particles  of  the  chyme  would  enter  the  lacteais,  which  is  not  ob- 
served to  be  the  case;  once  only, — namely,  in  a  rabbit, — I  foond  the 
smaller  number  of  the  chyle  globules  larger  than  the  particles  of  the 
blood;  and  once  also,  namely,  in  the  cat,  I  found  some  of  them  equal 
in  size  to  the  blood  particles,  but  here  also  the  greater  number  were 
smaller.  The  larger  particles  which  I  saw  in  the  chyle  of  the  rabbit 
could  not,  however,  have  entered  through  the  coats  of  the  intestioel 
villi;  for  openings  which  would  allow  their  passage,  must  be  visible. 
The  large  openings  called  LieberkQhn's  follicles,  which  are  dis- 
tributed in  such  number  over  the  surface  of  the  mucous  membrane 
between  the  villi,  and  which  are  so  distinctly  visible,  being  nearly 
twelve  times  larger  than  the  red  particles  of  the  blood,  are  mera 
crypts,  and  appear  to  be  in  no  way  connected  with  lacteal  absorption. 

The  chyle  is  the  fluid  absorbed  from  the  intestines  by  the  lacteais 
during  digestion,  and  dilfers  from  the  lymph  which  those  vessels 
contain  at  other  times,  and  from  the  contents  of  the  lymphatics  of 
other  parts  of  the  body,  in  being  of  a  white  or  milky  colour.  In  birds 
it  is  nsnully  not  milky,  but  transparent,  and  it  is  likewise  not  very 
turbid  in  most  of  the  herbivorous  Mammalia;  but  in  the  Garnivora, 
and  even  in  the  young  of  the  Herbivora  while  they  are  nourished 
with  milk,  it  is  always  more  or  less  turbid  and  whitish.  The  colour 
is  owing  to  the  presence  of  globules,  the  size  of  which  I  have  stated 
above.  The  chyle  is  very  rarely  red;  it  has  been  seen  of  this  colour 
only  in  very  few  instances,  as,  for  example,  in  the  thoracic  duct  of 
the  horse:  in  the  animals  in  which  I  have  examined  it — the  calf, 
goat,  dog,  cat,  and  rabbit— the  chyle  has  never  been  otherwise  than 
white,  even  in  the  thoracic  duct.  Chyle  has  an  alkaline  reaction, 
and  its  smell  has  by  some  been  compared  to  that  of  human  semen. 

Chyle  coagulates  spontaneously  within  a, short  time  after  its  re- 
moval from  the  vessels.  Reuss  and  Emmert* agree  with  Tiedemann 
and  Gmelin  in  stating,  that  the  coagulability  of  the  chyle  increases 
witli  its  progress  through  the  absorbent  system;  that  the  chyle  of  the 


lictealfl  doee  Dot  coagulate,  and  indeed  has  rarely  the  property  of 
coagulating  spontaneously  even  when  it  has  traversed  the  mesenteric 
glands*  The  chyle  of  the  thoracic  duct  coagulates,  like  the  lymph, 
in  about  ten  minutes  after  it  is  taken  from  the  vessel,  and  separates 
into  coagulum  and  serum.  The  coagulum  is  the  fibrin  of  the  chyle, 
mixed  with  some  of  the  globules;  The  serum  is  a  solution  of  albur 
men,  with  another  portion  of  the  globules  suspended.  At  the  sasie 
lime,  a  creamy  matter,  which  consists  of  fatty  particles,  collects  on 
tbesuriaqe. 

The  coagulum  of  the  chyle  of  the  thoracic  duct,  aAer  exposure  to 
the  air,  often  becomes  much  more  red  than  it  was  previously.  On 
comparing  the  chyle  taken  from  the  lacteals  themselves,  with  that 
from  the  cystema  chyli^  and  again  with  chyle  from  the  middle  and 
upper  portions  of  the  thoracic  duct,  Emmert  {Scherer*s  Journal  der 
Chemie,  v.  p.  164,  691,)  found  that  the  action  of  the  air  produced 
little  change  on  the  milk-white  chyle  of  the  lacteals,  while  that  of 
the  reeepiaculum  chyli  acquired  a  slightly  red  tint,  and  yielded  a 
slight  coagulum.  The  chyle  again  from  the  upper  part  of  the  thoracic 
duct  assumed  a  tint  approaching  very  nearly  that  of  arterial  blood, 
and  separated  into  serum  and  a  kind  of  crassamentum,  which  was 
more  solid  and  larger  than  that  of  chyle  taken  from  other  parts  of 
the  lacteal  system.  The  serum  of  the  chyle  from  the  receptacnlum 
and  the  great  lacteal  trunks  was  less  limpid,  was  turbid,  and  copr 
lained  a  great  number  of  whitish-yellow  globules.  The  serum  of 
the  chyle  of  the  thoracic  duct  was  transparent,  and  to  the  naked  eye 
appeared  to  contain  no  globules.  The  chyle  which  Emmert  obtained 
from  the  middle  portion  of  the  thoracic  duct,  contained  somewhat 
mora  animal  matter  than  that  which  he  took  from  the  upper  part  of 
tbe  duct;  this  may  be  accounted  for,  perhaps,  by  the  circumstance 
that  die  upper  part  of  the  thoracic  duct  would  contain,  in  addition  to 
the  chyle,  a  relatively  larger  proportion  of  the  lymph  from  other 
parts  of  the  body,  which  is  a  much  more  diluted  fluid.  (See  also 
EeiP9  Archiv.  viii.  146.) 

Differences  in  the  chyk  arising  from  variety  qf  food. — Magen*- 
die  states,  that  chyle  derived  from  food  which  contains  little  or  no 
fiit,  is  not  so  milky,  but  has  a  more  opaline  aspect;  and  that  when  it 
separates  into  coagulum  and  serum,  only  a  little  of  the  cream-like 
matter  rises  to  the  surface.  On  the  contrary,  the  chyle,  he  says, 
which  is  formed  from  food  of  a  fatty  nature,  whether  it  be  animal 
or  vegetable,  is  white,  and  separates  into  three  substances, — a  fibrin- 
ous coagulum,  serum,  and  a  creamy  stratum  on  the  surface  of  the 
fluid,  which  contains  the  fatty  ingredients.  Dr.  Marcet  (Medico* 
Ctdrurg.  Trans.  1615,)  has  observed,  that  chyle  from  vegetable  food 
putrefies  more  slowly  than  chyle  from  animal  food,  and  contains 
more  carbon;  and  that  the  chyle  from  animal  substances  is  always 
milky  and  affords  an  oily  scum,  which  does  not  form  on  the  more 
transparent  chyle  derived  from  the  vegetable  diet. 

Tiedemann  and  Gmelin  observed  that  the  chyle  of  sheep  fed  on 
mM  or  straw,  was  very  slightly  turbid, — indeed,  was  nearly  clear. 
The  turbidity  was  very  slight,  likewise,  in  the  chyle  of  dogs  which 
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had  been  fed  upon  liquid  albumeni  fibrin,  gelatin,  cheese^starchy  and 
gluten,  as  well  as  in  that  of  a  horse  fed  with  starch.  The  chyle 
of  sheep  which  had  eaten  oats,  was  moderately  turbid;  while  the 
chyle  of  dogs,  of  which  the  food  had  consisted  of  coagulated  alba- 
men,  milk,  bone,  or  beef,  or  that  of  horses  fed  upon  oats,  was  rery 
milky.  But  the  whiteness  and  opacity  were  most  marked  in  dogs 
fed  on  butter. 

Nature  of  the  chyle  globtiles,  and  cause  of  its  white  colour.^^ 
Tiedemann  and  Gmelin, — who,  on  account  of  the  accuracy  with 
which  their  experiments  were  performed,  and  of  their  having  brought 
both  chemistry  and  anatomical  physiology  to  their  aid  in  conducting 
them,  are  looked  upon  as  the  highest  authorities  in  every  question 
connected  with  the  subject  of  digestion, — declare  {Recherches  sur  la 
Digestion^  Part  ii.  p.  72,)  that  the  facts  which  they  observed  prove 
indubitably  that  the  milkiness  of  the  chyle  is  owing  to  its  containing 
fatty  matter  suspended  in  a  state  of  fine  division.  When  the  chyle 
coagulates,  a  small  portion  of  the  fat  becomes  included  in  the*  clot, 
while  the  greater  part  remains  suspended  in  the  serum,  to  the  surfece 
of  which  it  sometimes  rises  like  a  cream.  From  the  clot  they  were 
frequently  able  to  extract  a  yellowish-brown  fat  by  means  of  boiling 
alcohol;  and  on  agitating  the  serum  with  ether  freed  from  alcohol,  it 
gradually  became  transparent,  and  the  ether  when  evaporated  yielded 
a  fatty  substance,  partly  solid  and  partly  fluid  (a  mixture  of  stearine 
and  elaine),  the  quantity  of  which  was  proportionate  to  the  degree 
of  turbidity  of  the  serum.  These  facts  led  them  to  the  conclusion 
that  the  fat  of  the  body  is  derived  directly  from  the  food,  and  that  in 
the  chyle  at  least  it  is  not  in  the  state  of  solution,  but  merely  of 
minute  division,  and  in  this  they  were  further  confirmed  by  the  re- 
sults of  their  observations  above  detailed  relative  to  the  effect  of 
difference  of  food  on  the  appearance  of  the  chyle.  Ligature  of  the 
ductus  choledochus  caused  the  chyle  to  be  less  turbid;  and  Tiede- 
mann and  Gmelin  believe  that  this  may  be  accounted  for  on  the 
supposition  that  the  minute  division  of  the  fatty  matter  and  its  sus- 
pension in  the  watery  fluid  are  effected  by  the  bile. 

The  chyle,  however,  does  not  appear  to  be  a  mere  solution  of 
animal  matter,  containing  no  other  globules  than  those  of  fat. 
On  treating  the  milky  serum  of  chyle  of  the  cat  with  ether  freed 
from  alcohol,  it  gradually  became  more  transparent;  but  there  still 
remained  a  turbid  matter  at  the  bottom  of  the  watch-glass,  in  which 
I  could,  by  the  use  of  the  microscope,  distinguish  globules.  I  have, 
too,  examined  with  the  microscope  the  milky  chyle  with  which  I 
found  the  lacteals  and  thoracic  duct  of  a  dog  filled,  on  killing  him 
five  hours  after  he  had  taken  food,  consisting  of  bread,  milk,  and 
some  butter.  In  a  drop  of  this  chyle  I  saw  numerous  globules  of 
oil,  very  unequal  in  size  and  quite  transparent;  but  the  greater  part 
of  the  globules  were  of  quite  another  kind,  namely,  whitish,  not 
transparent,  and  very  small,  about  half  or  two-thirds  the  size  of  the 
particles  of  the  blood  of  the  dog;  a  difference  which  I  had  previously 
remarked  in  the  calf.  These  minute  globules,  which  are  smaller 
than  those  which  I  and  Dr.  H.  Nasse  observed  in  human  lymph,  and 
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aie  less  regular  in  form  than  the  red  particles  of  the  blood,  are  exces- 
sively numerous,  and  are  evidently  the  cause  of  the  white  colour  of 
the  chyle.  Having  diluted  a  small  quantity  of  the  chyle  with  water, 
that  the  globules  might  be  seen  more  distinctly  by  being  less  closely 
aggregated  together,  I  watched  its  coagulation  under  the  microscope, 
and  could  perceive  that  the  change  did  not  consist  in  the  aggre- 
gation of  the  globules,  but  that,  exactly  as  in  the  case  of  the  lymph 
or  blood,  the  delicate  pellicle  or  clot  which  formed  was  constituted 
in  great  part  by  a  transparent  substance  which  connected  together 
the  globules,  even  though  these  were  widely  separated.  But  in  addi- 
tion to  the  delicate  pellicles  which  were  thus  evidently  owing  to  the 
coagulation  of  animal  matter  previously  in  solution,  there  formed 
here  and  there  in  the  drops  of  chyle  small  islets  of  nearly  perfectly 
transparent  fat:  I  am  unable  to  say  whether  these  masses  of  fat  were 
produced  by  the  aggregation  and  cooling  of  the  globules  of  oily 
matter.  The  chyle  has  hitherto  been  made  very  little  the  subject  of 
microscopic  examination.  It  would  be  especially  desirable  to  know 
in  what  relation  the  globules  of  the  chyle  stand  to  the  red  particles 
of  the  blood;  whether  the  latter  bodies  are  formed  from  the  globules 
of  the  chyle,  or  whether  the  smaller  bodies  observed  by  Sir  E.  Home 
in  human  blood,  and  by  myself  in  the  blood  of  frogs  and  birds,  are 
identical  with  the  globules  of  the  chyle.  The  form  of  the  chyle 
globules  in  animals,  of  which  the  red  particles  of  the  blood  are  large 
and  elliptical,  should  be  ascertained;  which  could  be  done  only  in 
the  larger  reptiles,  where  the  thoracic  duct  can  be  more  easily  found, 
or  in  fishes.  Rudolphi  mentions  that  Leuret  and  Lassaigne  have 
observed  the  globules  of  the  chyle  in  birds  to  be  round,  although  the 
particles  of  the  blood  are  oval;  but  the  French  observers  here  spoke 
not  of  chyle  globules,  but  of  the  particles  of  chyme  taken  from  the 
intestinal  canal. 

The  source  qf  the  red  colour  qf  the  chyh  has  likewise  been  very 
fully  investigated  by  Tiedemann  and  Gmelin.  They  found  the  red 
colour  of  the  chyle  generally  more  marked  in  horses  than  in  dogs, 
and  even  more  so  in  the  latter  animals  than  in  sheep.  In  dogs  it 
was  more  distinct  when  the  food  had  consisted  of  liquid  albumen, 
baiter,  milk,  bone,  meat,  or  bread  and  milk.  The  chyle  was  white, 
and  the  red  colour  of  the  coagulum  very  slight,  when  the  food  had 
consisted  of  fibrin,  gelatin,  soft  cheese,  starch  and  butter,  or  gluten. 
And  neither  chyle  nor  clot  was  at  all  red,  if  the  dog  had  eaten  coagu- 
lated albumen;  nor  are  they  so,  according  to  my  own  observation, 
after  a  meal  of  bread,  milk,  and  butter.  The  chyle  was  likewise 
devoid  of  the  red  tint  in  dogs  killed  while  fasting,  or  after  they  had 
taken  food  consisting  of  starch,  milk,  raw  or  boiled  beef,  beef  and 
wheaten  bread,  or  liquid  albumen  and  spelt-bread;  and  in  cats  which 
had  been  fed  with  bread  and  milk,  or  boiled  beef. 

The  fluid  of  the  thoracic  duct  in  horses  killed  while  fasting,  was 
of  a  darker  red  colour  than  in  horses  which  had  had  a  feed  of  oats. 
The  chyle  of  sheep  to  which  only  a  little  hay  or  straw  had  been 
given,  was  white,  with  a  tinge  of  red;  that  of  sheep  fed  with  oats, 
i.quite  white.    From  the  last^mentioned  facts,  the  experimenters 
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mfened  that  the  ehyle  eontami  len  nd  eofounng  imUler,  the  mora 
BoarishiDg  the  food  which  the  animal  iiat  taken;  and  that  the  nA 
Goloaring  matter  of  the  blood  is  not  generated  immediatelf  hf  th0 
digestive  process.  The  red  fluid  ooBTcyed  into  die  chyle  by  the  sdi- 
sorbents  of  the  spleen  more  especially  must,  they  obsenre,  give  a  tam 
mark^  tinge  to  the  chyle  when  the  matter  absorbed  from  tbe  inta^ 
tines  is  more  abundant. 

.  In  a  horse  ftd  with  oats,  the  chyle  in  the  lacteals  which  had-nef 
paawd  through  the  mesenteric  glands,  was  white;  did  not  beoontia 
red  on  ezjposure  to  the  air,  and  yielded  a  white  clot.  The  chyle  taken 
from  the  hcteals  of  the  mesentery  after  they  had  paswd  through  tbe 
iMsenteric  glands,  and  that  of  the  thoracic  duct,  were  of  a  ii^^t  red 
colour;  the  lymph  from  absorbent  vessels  of  the  large  intestine  was 
pale  yellow,  and  yielded  a  white  coagulum;  that  or  the  absorbenta 
of  the  pelvis  was  red,  and  its  clot  was  of  a  darker  red  than  that  of 
the  chyle  of  the  thoracic  duct.  From  these  faults,  which  agree  With 
the  results  of  Emmert's  experiments,  Tiedemann  and  Omelin  draw 
the  conclusion  that  the  red  colour  of  the  chyle  is  imparted  to  it  by 
the  mesenteric  glands,  and  by  the  Ijrmph  of  other  abrorbent  glandi^ 
and  of  the  spleen,  being  derived  from  the  blood  drculatihg  iii  the 
capillaries  of  these  several  parts;  and  they  remark  diat  the  dreamr 
stance  of  its  being  changed  to  green  by  the  action  of  hydrOHinlpharie 
acid,  demoiwtrates  that  it  is  idehtical  with  the  red  oriouring  matter 
ci  the  blood. 

Hewson*  first  observed  that  the  lymph  of  the  spleen  resembles 
diluted  red  wine  in  colour,  and  contains  red  globules.  Tiedemano 
and  Omelin  observed  the  red  colour,  as  well  when  the  animals  had 
bad  food  as  when  they  had  been  fasting  before  death.  Fohmana 
{Saugaderwjfst.  der  Fiache^  p:  45,)  also  has  seen  the  lymph  of  the 
spleen  red  in  rays  opened  during  life,  and  maintains  that  the  coloar  il 
more  distinct  during  digestion,  and  likewise  after  long  fasting,  when  it 
is  also  perceptible  in  the  lymph  of  the  liver.  Rudoiphi,  on  the  other 
hand,  says  that  the  lymphatics  of  the  spleen  are  usually  as  white  as 
those  of  the  liver  and  other  organs,  and  that  those  of  other  organs 
also  sometimes  contain  a  bloody  fluid.  I  must,  however,  remark 
that  the  contents  of  no  other  absorbents  than  those  of  the  intestinal 
canal  are  ever  white;  and  that  in  some  few  instances,  in  which  I  ex- 
amined the  lymph  of  the  spleen  in  oxen  just  slaughtered,  I  found  it 
in  some  of  the  lai^e  lymphatics  of  the  colour  of  dilute  red  wine. 
Seller  observed  a  red  tinge  in  a  few  instances  in  some  of  the  lym- 
phatics running  on  the  spleen  in  horses;  but  in  most  cases  it  was 
absent;  and  in  oxen,  asses,  sheep,  swine,  and  dogs,  the  lymph  of  the 
spleen  was  never  colonred.  The  observations  of  Tiedemann  and 
Omelin  prove  distinctly,  that  the  red  colour  of  the  chyle  and  lymph 
is  owing  to  the  presence  of  some  of  the  cruorin  of  the  blood;  but  it 
is  not  yet  known  whether  this  red  colouring  matter  is  in  solution,  or 
attached  to  the  peculiar  globules  of  the  chyle  and  lymph,  Tiedemaim 
and  Gmelin  having  frequendy  seen  the  serum  of  chyle  of  a  red  tint 
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The  seram  of  chyle  is^  however,  rarely  quite  transparent,  and  always 
contains  globules;  and  Emmertyindeed^states  that  he  saw  red  globules 
in  the  water  in  which  he  agitated  the  red  coagulum  of  chyle.  Hew* 
•on  also  saw  red  corpuscules  in  the  lymph  of  the  spleen.  Schultz 
{Sjfst.  d.Cir€ulaiion)  and  Gurlt  {Physiol,  d.  Hatusdugethiere)  state, 
that  they  have  found  in  the  chyle,  in  addition  to  the  proper  globules 
of  that  fluid,  a  few  blood  corpuscules;  and  hence  infer  that  the  red^ 
dish  colour  of  the  chyle  is  due  to  the  presence  of  such  red  particles, 
of  which  they  suppose  the  formation  to  begin  in  the  chyle. 

Fibrin  qf  the  chyhj^its  source. — The  firmness  of  the  coagulum 
of  the  chyle  is  different  in  different  animals.  The  proportion  of  the 
moist  and  dried  coagulum  in  the  horse,  dog,  and  sheep,  is  stated  as 
follows  by  Tiedemann  and  Gmelin:— In  100  parts  of  chyle 

of  fresh  coagulum  of  dry  coagalom 

or  Um  bone,  there  were  .    from  1.06  to  5.65  .    from  0.19  to  1.75 

Of  the  dog  .        .        .        .  1.36  to  5.77      .  .  0.17  to  6.56 

Of  the  sheep        ....  9.56  to  4.75      .  0.94  to  0.83 

The  contents  of  the  thoracic  duct  coagulated  more  perfectly  when 
the  animals  were  killed  while  fasting,  than  when  they  had  taken  a 
meal  a  short  time  previously;  and  the  amount  of  fresh  and  dry 
coagulum  was  greater  in  the  former  case.  Tlie  dry  coagulum  of 
the  chyle  of  horses  killed  while  fasting,  amounted  to  from  1.00  to 
1.75;  that  of  horses  which  had  lately  taken  food,  from  0.19  to  0.78 
percent. 

Tiedemann  and  Gmelin  have  moreover  confirmed  Emmert's  ob- 
servation, that  the  proportion  of  fibrin  in  the  chyle  increases  with 
the  progress  of  this  fluid  towards  the  thoracic  duct.  In  a  horse 
whidi  recently  had  a  feed  of  oats,  the  chyle  of  the  lacteals  which  had 
not  passed  through  the  mesenteric  glands,  did  not  coagulate;  while 
100  parts  of  the  chyle  of  the  lacteals  which  had  passed  through 
those  glands,  afforded  0.37  of  dry  coagulum;  the  same  quantity  of 
the  chyle  of  the  thoracic  duct  0.19,  and  the  same  quantity  of  the 
tymph  of  the  pelvis  0.13. 

On  the  above  facts  Tiedemann  and  Gmelin  ground  their  opinion 
that  the  fibrin  of  the  chyle  is  not  derived  imniediately  from  the  food, 
bat  is  formed  in  the  blood  and  poured  into  the  chyle  and  lymph  by 
the  glands  of  the  absorbent  system,  and  by  the  spleen.  And  since 
the  chyle  of  the  lacteals  that  had  passed  through  the  mesenteric 
glands  contained  more  fibrin  than  the  lymph  of  the  absorbents  of 
the  pelvis,  they  conclude  that  more  fibrin  is  added  ta  the  chyle  by 
the  mesenteric  glands  than  by  the  glands  with  which  the  lymphatics 
of  the  pelvis  communicate.  However,  the  opinion  that  fibrin  is  thus 
added  to  the  chyle  is  as  difficult  to  prove  as  the  opposite  hypothesis, 
that  the  albumen  of  the  chyle  itself  is  converted  into  fibrin.  To 
determine  the  correctness  of  either,  it  would  be  necessary  to  ascer- 
tain by  a  great  number  of  experiments  the  quantity  of  solid  ingre- 
dients, and  particularly  of  albumen,  in  the  serum  of  the  fluid  con- 
tained in  different  parts  of  the  absorbent  system.  If,  for  example,  it 
were  found  that  the  serum  of  the  chyle  of  the  thoracic  duct  after  the 
separation  of  tiie  fibrin  contained  leas  albumen  than  the  seriun  of 
35 
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tfaa  lymph  of  the  extremities,  and  of  the  chyle  of  the  lacteals,  it 
vould  be  certain  that  albumen  is  converted  into  fibrin  in  the  ab- 
sorbent system,  since  it  would  then  appear  that  the  albumen  dintii- 
nished  in  quantity  while  the  quantity  of  the  fibrin  increased.  The 
results  obtained  by  Gmelin  and  Tiedemann,  relative  to  the  propor- 
tion of  solid  contents  in  the  serum,  were,  however,  only  contra- 
dictory. The  amount  of  the  solid  substances  dissolved  in  the  serum 
varied  from  2.4  to  8.7  per  cent.  In  the  horse  which  had  been,  fed 
with  oats. 

The  Benim  of  Uie  chyle  of  the  laeteal  contained  of  solid  ingredients  43    per  oeot. 
**  **  thonctcduct  ....    3.04 

**  **  lymph  of  the  pelfic  lymphttice      .    3.1 

In  the  horse  which  was  killed  while  fasting,  on  the  contrary, 

The  ■entm  of  the  content!  of  the  thoracic  dact  contained  of  solid   }    ai  ^^ » 

ingrediento J   i.7  per  cent 

The  sernm  of  lymph  from  the  lamhar  plexus  of  lymphatics  •        3.7 

In  whatever  the  change  in  the  chyle  consists, — whether  in  the 
addition  of  new  matter,  or  in  the  conversion  of  one  of  its  ingredients 
into  another  substance,— it  must  evidently  be  effected  by  the  coats 
of  the  lacteal  and  lymphatic  vessels,  both  those  which  run  a  distinct 
course,  and  those  convoluted  or  interlaced  lymphatics  of  which,  tfa^ 
absorbent  glands  (see  page  280,)  are  formed. 

The  coats  of  the  absorbents  being  traversed  by  capillary  blood- 
vessels, it  is  possible  that  the  fibrin,  as  well  as  the  colouring  matter 
of  the  blood,  may  permeate  the  membranous  coats  of  the  vessels  and 
enter  the  chyle:  and  on  account  of  the  greater  surface  afforded  in 
Ihe  mesenteric  glands  by  the  convoluted  and  reticulated  vessels  of 
which  they  are  formed,  this  would  take  place  to  a  greater  extent  in 
them  than  in  other  parts  of  the  lacteal  system.  But  the  red  particles 
themselves  cannot  in  this  way  enter  the  chyle  from  the  blood.* 

The  analysis  of  ihe  serum  of  the  chyle  by  Gmelin  showed  that 
the  same  salts  exist  in  it  as  are  met  with  in  the  intestinal  canaL  The 
following  are  the  solid  ingredients  of  the  serum  of  the  chyle  of  the 
horse,  according  to  that  chemist: — 

Albumen        .        .        .        , 55.25 

Oamazome,  with  acetate  of  soda,  and  chloride  of  sodium  (the  most  abun-  ^ 
dant  saline  ingredient),  which  was  crystallised  in  octohedrons,  probably  /     16.03 

from  containing  some  animal  matter ) 

A  matter  soluble  in  water  and  insoluble  in  alcohol,  and  resembling'  salivary  1 

extractive  matter,  with  carbonate  and  a  very  small  quantity  of  phosphate  >      2.76 

of  soda ) 

Brown  fatty  matter 15.47 

Yellow  faUy  matter 6.35 

Carbonate  and  some  phosphate  of  lime  obtained  by  calcination  of  the  >       <,  -^ 
albumen J         ''^ 

98.61 

Tiedemann  and  Gmelin  found  no  traces  of  the  substances  used  as 

*  On  the  very  doubtful  hypothesis,  that  the  chyle  is  poured  directly  into  minute 
veins  in  the  mesenteric  glands,  as  well  as  cooceming  the  supposed  connectioii  of 
the  Teins  and  absorbents,  see  page  S74. 
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iiMNl  in  an  unaltered  state  in  the  chyle;  they  observed  merely  that, 
vhen  the  animal  bad  taken  butter,  the  chyle  contained  an  abun- 
dance of  fatty  matter^and  in  the  chyle  of  one  dog  which  had  taken 
starch  they  detected  sugar. 

Comparison  of  the  •  chyle  and  lymph, — Both  chyle  and  lymph 
contain  globules;  but  those  of  the  transparent  lymph  are  very  few 
in  number,  while  those  of  the  chyle  are  so  numerous  as  to  give  it  a 
milky  appearance.  They  both  contain  fibrin,  which  likewise,  how- 
ever,'  seems  to  be  contained  in  smaller  quantity  in  the  lymph;  for 
Tiedemann  and  Gmelin  found  that  100  parts  of  the  chyle  of  the  lac* 
teals  which  had  traversed  the  mesenteric  glands  in  a  horse  previously 
fed  with  oats,  yielded  0.37  of  dry  coagulum;  while  the  sahie  quan-* 
tity  of  lymph  from  the  pelvis  afforded  only  0.13.  This  great  appa- 
rent difference  may,  however,  be  owing  to  a  portion  of  the  numerous 
globules  of  the  chyle  being  included  with  the  fibrin  in  the  coagulum. 
The  fatty  matter  which  is  not  perceived  in  the  lymph,  but  is  contained 
in  so  large  a  quantity  in  the  chyle,  giving  rise  to  the  cream-like  pellicle 
which  forms  on  its  surface,  constitutes  another  point  of  difference. 
The  saline  matters  appear  to  be  about  the  same  in  both. 

Comparison  of  the  ehyle  with  the  blood. — The  chyle,  as  it  is  ob- 
tained from  the  thoracic  duct,  differs  from  the  blood, — 

1.  In  its  globules  being  insoluble  in  water,  while  the  red  particles 
of  the  blood,  with  the  exception  of  their  nucleus,  are  readily  soluble 
in  that  fluid. 

2.  In  its  wanting  the  red  colouring  matter  (though  this  difference 
18  not  constant). 

3.  In  the  form  and  size  of  its  globules. 

4.  In  its  alkalinity,  which  was  noticed  by  Emmert,  Vauquelini 
and  Brande,  being,  according  to  Tiedemann  and  Gmelin,  always  less 
marked  than  that  of  the  blood,  and  sometimes  absent. 

5.  The  proportion  of  solid  ingredients  is  less  in  the  chyle  than  in 
the  blood.  One  thousand  parts  of  chyle  contain,  according  to  Vau- 
qoelin,  only  from  50  to  90  parts  of  solid  matter;  while  the  propor- 
tion of  solid  ingredients  in  the  blood  is  stated  by  Prevost  and  Dumas 
to  be  216  parts,  and  by  Lecanu  185  parts,  in  a  thousand. 

6.  In  1000  parts  of  serum  of  the  blood  there  are,  according  to 
Reuss  and  Emmert,  225,  and  in  1000  parts  of  serum  of  chyle  only 
50,  parts  of  solid  matter.  From  the  serum  of  the  chyle  of  sheep, 
dogs,  and  horses,  Tiedemann  and  Gmelin  obtained  from  2.4  to  7.8 
percent,  of  solid  matter;  while  Prevost  and  Dumas  state  the  amount 
of  solid  ingredients  in  the  serum  of  the  blood  of  those  animals,  to  be 
from  7.4  to  9,9  per  cent. 

7e  The  proportion  of  fibrin  is  much  less  in  the  chyle.  Tiedemann 
and  Gmelin  obtained  from  the  chyle  of  the  animals  just  named  only 
from  0.17  to  1.75  per  cent  of  dry  fibrin:  and,  according  to  Reuss 
and  Emmert,  {Scherer's  Journal,  v.  164,)  1000  parts  of  blood  of 
the  horse  contain  75  parts  of  (moist?)  fibrin,  while  1000  paits  of 
chyle  contain  only  10  parts. 

8.  The  fibrin  of  the  chyle  appears  to  differ  somewhat  from  that  of 
the  blood;  for  Brande  has  observed  that  acetic  acid  dissolves  but  a 
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ffMll  pait  of  the  ehylow  eoagalnm,  wUdi  in  thii  iwpecl  wwmbl— 
albtiiiien,  while  fibnn  of  the  blood  it  generally  raedilf  eolnble  in  tbnl 
adcL 

9.  Chyle  contauis  a  large  quantity  of  frtni  a  free  eCate,  while  Iho 
§U  of  the  blood  is  wholly  in  a  aCate  of  combination  with  other 
matters;  bnt  the  ooagalnm  of  chyle  likewiae  contains  fiu  in  a 
Uned  Slate. 

10.  The  chyle,  like  the  blood,  contains  iron,  which  it  dm^es 
the  foody  and  conveys  into  the  blood:  but  the  metal  appears  to  be  in 
a  state  of  much  less  intimate  combination  in  the  chyle  than  in  the 
Mood;  for  it  can  be  extracted  firom  it  by  means  of  nitric  add,  and 
then  forms  a  black  precipitate  with  tincture  of  galls,  and  a  bine  with 
prussiate  of  potash.  Even  the  serum  of  chyle  afforded  oTidenee  of 
containing  iron  when  it  had  been  freed  from  its  albumen.  {BeiPs 
Jhrehiv.  viii.  p.  167.)  Emmert,  howerer,  imagines  that  the  itoQ 
contained  in  the  alimentary  matters  in  the  small  intestine  is  raore 
highly  oxidised  than  in  the  chyle,  first,  because  fluid  of  the  small 
intestiue  of  the  horse  is  acid;  and  secondly,  because  in  the  filtered 
fluid  obtaiued  from  a  horse's  intestine  which  was  filled  with  digested 
aliment,  a  black  precipitate  was  produced  by  tincture  of  gall,  and  a 
blue  one  by  prussiate  of  potash,  immediately  on  the  admixture  of 
these  re-agents,  while  in  chyle  the  change  of  colour  in  each  case 
takes  place  very  slowly. 

Death  is  ordinarily  the  inevitable  consequence  qf  ligature  qf  ike 
thoracic  duct,  ensuing,  according  to  Duvemoy,  in  fifteen,  according 
to  Sir  A.  Cooper,  in  from  nine  to  ten  days;  and  in  horses,  as  appears 
from  Dupuytren's  experiments,  in  five  or  six  days.  Sometimes  the 
animals  do  not  die,  and  in  these  cases  we  must  suppose  that  there 
existed  several  vessels  connecting  the  lower  with  the  upper  portiott 
of  the  thoracic  duct;  or  that  there  were  branches  connecting  the 
thoracic  duct  with  the  vena  azygos — a  structure  which  Panizza  has 
seen  in  the  hog,  and  Wutzer  and  I  have  once  observed  in  the  human 
subject;  or  we  must  admit  that  there  were  two  thoracic  ducts,  as  in 
bir  dsand  tortoises.* 


CHAPTER  VII. 

Oy  THE  7UNCTI0H  OF  THE  SPLESIT,  THE  SUPRA-RENAL  CAPSULES,  THE 

THraOID  AND  THE  THYMUS  GLANDS. 

These  are  glands  unprovided  with  an  efferent  duct;  they  agree  in 
having  the  common  function  of  impressing  some  change  on  the  blood 

*  The  prioolpal  treatites  on  the  chyle  are  thoee  of  Werner,  De  modo  qao 
Chymat  in  Chylum  mutatary— Tdbingve,  1800;  HorkePt  Archir.  fur  die  thierisobe 
Cheroie,  t.  L  Heft  ii.;  Emmert  and  Reast,  Scberer't  Journal,  v.  p.  154 — 691; 
Bmmert,  ReiPt  Archir.  Tiii.  p.  Ii5;  Marcet^  Medico^himrff.  Transact.  1815,  W. 
618:  Brande,  Philoa.  Transact  181S;  Prout,  Adnals  of  Phiios.  xiii.  p.  12,  963; 
Anu  MuUer,  Diss.  ezp.  circa  Chylam.—- Heidelb.  1819;  Tiedemann  and  Gmelint 
Rech.  sur  la  DigesUony  part  ii. 
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which  circulates  through  them,  or  in  yielding  a  lymph  which  plays  a 
special  part  in  the  process  of  chylifieation  and  s&ngaification;  for  the 
venous  blood  and  the  lymph  are  the  only  matters  returned  by  them 
into  the  general  system. 

a.   OF   THE    SPLEEN. 

Structure  of  the  spleen.* — The  spleen  is  met  with  only  in  the  ver- 
tebrate classes,  and  in  them  is  nearly  constant.  Rathke  and  Meckel 
have  stated  that  it  is  absent  in  Ihe  cyclostomatous  fishes  (the  Petro- 
myzon  and  AmmocoBtes.)  There  is,  ho wever,  a  glandular  organ  near 
the  cardia  of  the  Petromyzon  marinus,  which  Mayer  (Frariep^s  No- 
ttzen^  7d7|)  regards  as  a  spleen.  In  the  Myxine,  Retzius  has  found 
the  spleen  to  be  really  wanting;  an  observation  which  I  can  confirmy 
and  which  I  find  to  apply  likewise  to  the  allied  genus  Bdellostoma. 
With  these  exceptionsy  the  spleen  is  universally  present  in  the  Verte- 
brata.    In  the  Cetacea  the  organ  is  divided  into  several  small  masses. 

Id  man  and  Mammalia  the  spleen  lies  in  that  fold  of  peritoneum 
which  is  continuous  with  the  serous  covering  of  the  anterior  and 
posterior  surfaces  of  the  stomach,  and  extends  between  the  great 
curvature  of  the  stomach,  the  diaphragm,  and  the  transverse  colon; 
and  which|  at  the  part  where  it  connects  the  stomach  to  the  trans- 
verse colon,  is  called  great  omentum.  This  portion  of  peritoneum 
passed  originally  from  the  spinal  column  in  the  middle  line  to  the 
great  curvature  of  the  stomach,  forming  a  mesogastrium,  (See  J. 
M&lkr^  in  MeckePs  •^rchiv.  1830,  p.  395,)  in  which  the  spleen  was 
developed.  The  spleen,  therefore,  is  not  an  organ  proper  to  the  left 
side  of  the  body,  of  which  the  fellow  of  the  opposite  side  is  wanting; 
but  it  should  be  regarded  as  an  organ  originally  situated  in  the 
middle  line,  just  like  the  liver,  which  at  first,  when  its  two  lobes 
were  equal,  did  not  belong  to  the  tight  side  more  than  to  the  left. 

The  spleen  is  invested  by  a  strong  fibrous  membrane,  which  sends 
numerous  band-like  processes  into  its  interior,  so  as  to  support  the 
soft,  pulpy,  red  tissue  of  the  organ.  In  the. red  substance  there  are, 
in  many  animals,  whitish  round  corpuscules,  visible  by  the  naked 
eye,  which  were  first  discovered  by  Malpighi,  and  of  which,  the 
existence  in  the  human  spleen  has  been  at  one  time  admitted,  at 
another  denied. 

The  corpuscules  of  the  human  spleen  are  described  by  Dupuy tren 
and  Assolant  as  greyish  bodies,  devoid  of  internal  cavity,  and  mea- 
suring |th  of  a  line  to  1  French  line  in  diameter,  and  so  soft  as  to 
take  a  liquid  form  when  raised  on  the  knife.  Meckel  describes 
them  as  roundish  whitish  bodies,  ^th  of  a  line  to  1  line  in  diameter, 
moet  probably  hollow,  at  all  events  very  soft,  and  very  vascular. 
Such  soft  bodies  are  certainly  met  with  sometimes  in  the  dog  and 
in  the  cat,  and  in  very  rare  instances  in  the  human  subject.  Thev 
are  the  parts  which  Home,  Heusinger,  and  Meckel  describe  to  swell 
considerably  in  animals  after  drink  is  taken;  an  assertion,  the  cor- 
of  which  I  doubt.    I  can  throw  no  light  on  the  nature  of 


•  8oe  Miller,  in  Uie  Arehiv.  fur  Anal,  nod  Physiol.  18S4,  k 

35* 


414  mnommtmLat.' 

Ifaeie  bodiet;  they  are  vetj  diffiBient  from  tiie  gnfie-liira  corpoieiiliB 
diBcoverod  hj  Malpigbi  in  the  spleen  of  aoine  herbivcxooB  quad* 
nipeds. 

I  have  found  the  Malphigian  corpnecuiee  in  the  hog^  Aeep,  and 
ox.  They  are  most  easily  examined  in  the  hog.  On  an  accurate 
examination  of  the  eorpuscules  in  the  spleen  of  the  hog,  I  found  that 
none  are  isolated^  that  each  sends  out  processes  towaids  one  or  both 
sides;  and  that  sometimes,  though  rarely,  they  are  united  in  a  linalilBe 
the  knots  of  a  cord,  each  knot  sending  out  other  smaller  threads:  gene* 
mlly  tiiey  are  attached  by  short  pedicles  to  fibres  whidiare  brandbes 
of  other  fibres,  or,  which  is  most  frequent,  they  are  sessile,  and 
attached  by  a  more  or  less  broad  base  to  the  side  of  ramifying  fibm. 

By  means  of  fine  Injections  I  ascertained  that  the  vessels  to  which 
the  eorpuscules  are  attached,  are  branches  of  the  splenic  artery,  and 
that  it  IS  more  especially  with  the  sheaths  of  these  arteries  that  they 
are  connected. 

In  the  interior  of  the  eorpuscules  there  is  a  fluid,  white,  pnlpy^ 
matter,  which  conmsts  for  the  most  part  of  irregulariy  globukr  par- 
ticles, nearly  all  of  equal  size,  and  of  about  the  same  diameter  as  the 
red  particles  of  the  blood,  though  not  flattened  like  them.  Under 
the  microscope  they  have  the  same  appearance  as  the  granules  of 
the  pulpy  substance  of  the  spleen,  and  are  of  the  same  size. 

The  red  pulpy  substance  consists  of  a  mass  of  red-brown  granuleSi 
as  large  as  the  red  particles  of  the  blood,  but  difiering  from  them  in 
form,  being  irregularly  globular,  not  flattened.  These  granules  am 
easily  separable  from  each  other.  In  the  mass  which  they  form,  the 
minute  arteries  ramify  in  tufts,  and  terminate  in  the  plexus  of  venous 
canals  into  which  all  the  blood  of  the  spleen  is  poured,  before  it  is 
carried  out  of  the  organ  by  the  splenic  vein.  The  anastomosing  ¥8- 
nous  radicles,  which  are  of  considerable  size,  appear  to  have  scarcely 
any  distinct  coats.  If  a  portion  of  the  pulpy  substance  of  the  spleen 
is  examined  attentively,  it  is  seen  to  be  everywhere  perforated  with 
small  foramina,  which  are  spaces  bounded  by  the  reticulated  sub- 
stance of  the  organ.  These  spaces  are  venous  canals;  on  inflating 
them  the  organ  acquires  a  cellular  app<>arance;  and  if  they  are  in- 
jected  with  wax,  the  substance  of  the  spleen  will  present  a  great 
resemblance  to  the  corpora  cavernosa  penis.  There  are  no  true 
cells  in  the  spleen.  The  white  eorpuscules  are  embedded  in  the 
pulpy  substance,  and  not  contained  in  cells,  as  Malpighi  supposed. 
A  fibrous  trabecular  tissue  intersects  in  all  directions  the  very  soft 
pulpy  red  substance,  and  aflbrds  support  to  the  texture  of  the  organ. 

In  the  human  spleen  the  Malpighian  eorpuscules  are  distinguished 
with  great  difliculty.  I  have  recently  seen  them  in  a  spleen  which 
had  been  macerated.  They  are  very  firm,  and  much  smaller  than  the 
greyish  soft  points  soraietimes  seen  in  cut  surfaces  of  the  spleen,  which 
have  been  described  under  the  name  of  the  Malpighian  eorpuscules, 
but  are  really  very  different  from  them. 

Function  qf  the  spleen. — We  are  quite  ignorant  of  the  oflSce  of 
the  spleen;  we  merely  know  that  its  importance  in  the  economy  is 
not  great:  the  experioieuts  of  numerous  observers  have  shown  that 
it  may  be  extirpated  without  any  J«markable  ill  consequence. 
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All  the  theories  which  regard  the  spleen  as  essentially  connected 
in  its  function  with  the  liver,  can  be  shown  to  be  fallacious.  No 
value  can  be  accorded  to  the  circumstance  that  the  splenic  veins  join 
the  vena  portse,  and  to  the  hypothesis,  thence  deduced,  that  the  spleen 
prepares  the  blood  for  the  secretion  of  the  bile;  for  in  this  respect  it 
does  not  diflfer  from  all  the  chylopoietic  viscera,  nor  even  from  the 
inferior  extremities  in  the  lower  Yertebrata  and  the  generative 
organs  and  air-bladder  of  fishes. 

Dobson's  hypothesis,  that  the  spleen  is  the  receptacle  for  the  in* 
preaaed  quantity  of  blood  which  the  system  acquires  from  the  food, 
and  which  cannot,  without  danger,  be  admitted  into  the  blood-vessels 
generally,  and  that  it  regains  its  previous  dimensions  after  the  volume 
of  the  circulating  fluid  has  been  reduced  by  secretion.  The  premises 
of  this  theory  do  not  appear  to  me  to  be  sutficiently  proved.  Dob- 
son  repeated  Magendie's  experiment  of  injecting  fluids  into  the  veins 
of  an  ianimal,  and,  he  says,  with  the  same  result  with  regard  to  the 
spleetiy  namely,  the  increase  of  its  size. 

The  assertion  of  Defermon,  {Nouv.  Biblioth.  Mid.  Mars.  1824.-- 
Froriep^s  Not.  148,)  that  the  spleen  undergoes  changes  of  volume 
when  certain  substances  are  taken  into  the  system — ^for  example, 
that  it  becomes  smaller  under  the  influence  of  strychnine,  camphor, 
and  muriate  of  morphia— appears  to  me  likewise  to  require  con- 
firmation. The  function  of  the  spleen  probably  consists  in  the  pro- 
duction of  some  change,  of  unknown  nature,  in  the  blood  which 
circulates  through  its  tissue,  and  in  thus  contributing  to  the  process 
of  sanguification;  or  in  the  secretion  of  a  lymph  of  peculiar  nature, 
which,  being  mixed  with  the  contents  of  the  lymphatic  and  lacteal 
83r8tem  coming  from  other  parts,  tends  to  perfect  the  formation  of  the 
diyle.  There  are  no  other  ways  than  the  lymphatics  and  veins  by 
which  any  animal  matter,  modified  by  the  action  of  the  spleen,  can 
be  conveyed  away  from  it.  Tiedemann  believes  that  the  lymphatics 
perform  this  office;  but  whether  he  is  correct  or  not  is  quite  uncer- 
tain, and  the  nature  of  the  change  which  the  animal  matter  is  sup- 
posed to  undergo  in  the  spleen  is  still  less  known. 

The  blood  of  the  splenic  vein,  according  to  Tiedemann  and  6me^ 
Un,  (Rech.  sur  PMsorption,-^  f^ersuche  fiber  die  Wege^  &c.  p.  70,) 
doesSiot  difier  from  other  venous  blood;  they  saw  it  coagulate  Hke 
the  blood  of  other  organs.  The  older  physiologists,  and  more  re- 
cently Autenrieth,  {Physiologies  ii.  77,)  maintain,  however,  that  the 
blood  has  peculiar  characters.  Schultz,  {RtzsVs  Magazin.  1835, 
327,)  too,  found  the  blood  of  the  vena  portae  of  a  darker  tint  than 
other  venous  blood,  and  the  dark  colour  was  most  evident  in  animals 
which  were  fasting.  Neither  neutral  sahs  nor  the  action  of  the  air 
had  the  effect  of  rendering  it  of  a  brighter  red  colour;  its  coagulum 
was  less  firm  than  that  of  other  blood,  and  it  contained  less  fibrin 
and  albumen,  but  more  fatty  matter. 

Mr.  Hewson  [Experimental  Inquiries)  supposed  that  it  was  the 
office  of  the  spleen,  as  well  as  of  the  lymphatic  glands  and  thymus 
body,  to  secrete  from  arterial  blood  a  fluid  which,  mixed  with  lymph, 
should  give  rise  to  the  formation  of  red  blood  particles.    This,  how- 
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ever,  cannot  be  true;  for  the  red  particles  are  formed  equally  veil 
after  the  extirpation  of  the  spleen.  The  reddish  colour  of  the  lymph 
of  the  spleen,  observed  by  Hewson,  Tiedemann  and  Pohmann,  is  not 
constant* 

Mayer  has  asserted  that  the  spleen  is  reproduced  after  extirpatioiL 
He  says,  that  after  the  lapse  of  some  years  he  has  found  in  rumi- 
nating animals,  in  the  place  of  the  spleen,  which  had  been  removed, 
a  body  of  the  size  of  a  lymphatic  gland:  this  would  be  an  interesting 
fact  if  it  could  be  satisfactorily  proved;  which,  however,  is  scarcely 
possible,  for  animals  often  have  small  accessory  spleens  (splenculi), 
and,  besides,  in  the  operation  of  extirpation  a  small  portion  of  the 
organ  might  be  left  behind  in  the  body.  The  presence  or  absence 
of  the  bunches  of  white  corpuscules,  above  described,  might  aid  ia 
determining  whether  any  substance  were  spleen  or  not. 

b.  Of  the  suprarenal  Capsules. 

Their  siructure.-^The  supra-renal  capsules  are  met  with  in  man, 
in  Mammalia,  in  birds,  and  in  a  rudimentary  state  in  reptiles,  and  in 
the  sharks  and  rays.  Retzius  has  describe  them  in  serpents,  and 
sharks  and  rays;  and  Nagel  has  found  traces  of  them  in  crocodilJBS, 
in  chelonian  reptiles,  and  in  serpents.  Nagel  agrees  with  Retzius 
in  regarding  the  fat  body  of  the  frog  as  a  distinct  structure  from  the 
supra-renal  capsule,  the  true  analogue  of  which  he  believes  to  .t)e  a 
line  of  yellow  granular  substance  on  the  anterior  surface  of  the 
kidneys. 

The  supra-renal  capsules  are  formed  of  a  yellow  cortical  substance 
which  consists  of  vertical  fibres,  and  of  a  dark  spongy  medullary 
portion.  The  only  cavity  in  the  interior  of  the  organ  is  that  of  the 
vein  which  lies  in  its  centre.  In  the  cortical  substance  the  minute 
arteries  and  veins  are  of  uniform  size,  and  nearly  as  delicate  as  the 
ordinary  capillaries  of  other  parts,  and  are  regularly  arranged  in  a 
rfidiated  manner,  running  nearly  parallel  to  each  other  from  the  snr- 
fisLce  towards  the  interior.  There  are  no  grounds  for  the  belief  that 
the  supra-renal  capsules  are  deficient  in  acephalous  monsters  more 
frequently  than  any  other  organs. 

The  function  of  the  supra-renal  capsules  is  unknown.  The 
researches  of  Meckel  and  myself  have  shown  that,  in  the  humaif  em- 
bryo, they  are  originally  larger  than  the  kidneys;  and  in  an  embryo 
one  inch  long,  for  example,  even  conceal  the  kidneys  from  view. 
It  is  not  until  the  tenth  or  twelfth  week  that  the  latter  organs  equal 
the  supra-renal  capsules  in  size.  In  other  mammiferous  animals  I 
Iiave  never  found  the  supra-renal  capsules  of  larger  size  than  the 
kidneys  at  any  period.  They  have  no  physiological  connection  with 
the  urinary  organs.  In  a  case  in  which  the  left  kidney  was  abnor- 
mally situated  on  the  right  side,  I  found  the  corresponding  supra- 
renal capsule  in  its  usual  place;  while  in  another  instance,  where 
the  kidney  was  atrophied,  the  supra-renal  capsule  of  the  same  side 
was  of  its  natural  size  and  structure. 
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c.  Of  the  Thyroid  Body. 

Structure,— The  thyroid  body,  or  gland,  appears  to  contain  very 
small  cells,  the  connection  of  which,  as  well  as  the  proper  structure 
of  the  organ,  are  unknown.  In  goitre  the  cells  become  enlarged, 
and  contain  an  albuminous  matter.    Function  unknown. 

d.  Of  the  Thymus  Oland. 

Structure, — The  thymus  gland,  in  proportion  to  the  size  of  the 
body,  is  largest  in  the  foBtus,  but  continues  to  grow  after  birth,  and 
remains  of  considerable  size  during  the  first  year,  after  which  it 
gradually  diminishes  until  it  has  about  the  time  of  puberty  wholly 
disappeared.  Krause,  {Muller^s  Jirchiv.  1837,  p,  6,}  however,  has 
recently  stated,  that  in  almost  all  individuals  of  ages  between  20 
and  30  years,  in  whom  he  has  examined  the  condition  of  the  thymus, 
he  has  found  it  still  existing,  and  in  many  instances  of  larger  size 
than  in  young  children;  and  in  persons  between  30  and  50  years  of 
age,  he  has  seen  it  still  of  considerable  size. 

In  the  calf,  the  organ  consists  of  lobes  which  are  divisible  into 
smaller  lobules.  Each  lobule  is  constituted  of  numerous  secreting 
cells,  and  larger  cavities  or  reservoirs. 

In  the  human  subject  the  largest  lobuli  do  not  exceed  a  pea  in 
size.  The  essential  point  in  the  structure,  therefore,  as  ascertained, 
by  Sir  A.  Cooper,  is  that  the  small  cells  or  cavities  inr  the  substance 
of  the  lobules  communicate  with  other  pouch-like  cavities  at  their 
base,  which  again  lead  by  small  openings  into  the  common  reservoir. 
Sir  A.  Cooper  describes  a  large  lymphatic,  which  is  easilv  injected,  to 
be  connected  with  each  cornu  of  the  thymus  in  the  foetal  calf,  and  to 
terminate  at  the  point  of  junction  of  the  two  jugular  veins  with  the 
superior  vena  cava.  But  the  connection  of  the  lymphatics  with  the 
cavities  in  the  gland  has  not  been  demonstrated. 

The  fluid  of  the  thymus  is  whitish,  contains  microscopic  white 
particles,  and  is  coagulable  by  alcohol,  mineral  acids,  and  heat, 
liquor  potassae  converts  it  into  a  tenacious  substance.  One  hundred 
parts  contain  sixteen  parts  of  solid  matter.  The  saline  ingredients 
are  muriate  and  phosphate  of  potash  and  soda,  with  a  trace  of  phos- 
phoric acid.  The  nature  of  its  proximate  animal  components  is  im* 
perfectly  known.  Fibrin  appears  not  to  be  one  of  its  ingredients, 
and  this  circumstance  distinguishes  it  from  lymph  and  chyle. 

Function  qf  the  thymus.— The  anatomical  facts  detailed  by  Sir 
A.  Cooper  would  seem  to  indicate  that  a  peculiar  albuminous  fluid 
is  conveyed  from  the  thymus  gland  to  the  veins  by  the  lymphatics. 
It  appears  quite  vain  to  attempt  by  hypothesis  to  explain  how  the 
organ  can  contribute  to  the  formation  of  the  blood  in  the  foBtus  and 
child.  But  every  hypothesis  which  regards  it  as  an  organ  adapted  to 
the  necessities  of  festal  life,  and  not  to  those  of  the  child,  must  be 
incorrect. 

Henle  has  found  that  the  acini  of  the  glands  without  excretory 
ducts  are  composed  of  regular  nucleated  cells,  which  he  supposes  to 
have  the  function  of  efiecting  a  chemical  change  in  the  blood  circu- 
lating around  them. 
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SECTION  III. 
OF   SECRETION. 

CHAPTER  I. 
Of  the  Secretions  in  General. 

DuaiHO  the  passage  of  the  blood  from  the  minute  arteries  through 
the  csBipillary  system  of  vessels  into  the  radicles  of  the  venous  STstein^ 
a  part  of  the  <<  liquor  sanguinis/'  with  the  matters  dissolved  in  it,  is 
imbibed  by  the  tissues,  and  by  their  agency  undergoes  a  chemical 
change.  Some  of  its  components  are  extracted  from  it,  while  it  re- 
ceives in  exchange  other  matters  derived  from  the  parenchyma. 

The  changes  which  the  organic  matter  suffers  in  this  way  may  be 
terifiied  generally  transformations  or  <<  metamorphoses."  They  are 
of  three  kinds: — 

1.  Transformation  of  the  components  of  the  blood  into  the  or- 
ganised substance  of  the  different  organs, — ^  inius-atisceptiOy^  or 
nutrition,  which  will  be  treated  of  in  the  next  section. 

2.  Transformation  of  the  components  of  the  blood  on  the  free  sor- 
lace  of  an  organ  into  a  solid  unorganised  substance,  which  is  the 
tnode  of  growth  of  the  non-vascular  textures, — ^^  apposiiio.'^ 

We  have,  however,  already  seen,  that  the  substance  composing 
the  non-vascular  tissues  is  as  much  organised  as  the  elementary  parts 
of  the  vascular  structures,  and  that  their  process  of  growth  is  essen- 
tially the  same. 

3.  Transformation  of  the  components  of  the  blood  into  a  fluid  mat- 
ter which  escapes  on  the  free  surface  of  the  organ, — secretion,  which 
is  the  subject  of  the  present  section. 

The  matters  separated  from  the  blood  by  the  action  of  a  secreting 
organ  are,— I.  Substances  which  existed  previously  in  the  blood,  and 
are  mereiv  eliminated  from  it:  such  are  the  urea,  which  is  excreted 
by  the  kidneys;  and  the  lactic  acid  and  its  salts,  which  are  compo- 
nents both  of  the  urine  and  of  the  cutaneous  perspiration.  These 
are  called  excretions;  and  the  process  of  their  separation  from  the 
blood,  excretion.  The  excretions  which  are  met  with  most  gene- 
rally in  the  animal  kingdom,  namely,  the  urine,  and  the  fluid  perspired 
by  the  skin,  are  in  the  human  subject  acid;  but  all  excretions  are  not 
acid,  as  Berzelius  formerly  supposed,  for  the  urine  of  some  herbivo- 
rous animals  is  alkaline,  as  are  also  some  of  the  excretions  peculiar 
to  several  animals;  for  instance,  the  acrid  matter  excreted  from  the 
skin  of  the  toad.  2.  Substances  which  cannot  be  simply  separated 
from  the  blood,  since  they  do  not  pre-exist  in  it,  but  which,  on  (he 
contrary,  are  newly  produced  from  the  proximate  components  of  the 
blood  by  a  chemical  process;  such  are  the  bile,  the  semen,  the  milk, 
mucus,  &c.    These  are  called  secretions. 
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These  trae  secretions  are  again  divisible  into  two  series:— 

a.  Some  either  fulfil  no  farther  purpose  in  the  animal  economy  by 
which  they  are  formed,  or  at  most  serve  for  its  defence  by  being 
poisonous  to  other  animals,  or  attract  or  r^pel  other  animals  by  di^ 
fusing  peculiar  odours.  Secretions  of  this  kind  may  have  their  seat 
at  almost  any  part  of  the  surface  of  the  animal  body.  As  examples, 
we  may  instance  the  acrid  secretions  of  many  beetles,  of  wasps, 
bees,  and  the  scorpion;  the  peculiar  secretions  of  which  spiders  form 
their  web,  insects  and  spiders  their  cocoon,  and  mussels  their  byssus 
for  attachment;  the  ink  of  the  cuttle-fish;  the  castoreum  of  the  pre- 
putial follicles  of  the  beaver,  and  the  secretion  of  the  musk-bag, 
situated  under  the  skin  of  the  abdomen  above  the  penis,  and  opening 
in  front  of  the  prepuce  in  the  musk-deer.* 

Besides  their  action  out  of  the  system,  such  secretions  may  have 
an  importance  in  the  economy  of  the  animal  which  forms  them,  in- 
asmuch as,  being  formed  at  the  expense  of  the  proximate  components 
of  the  blood,  their  production  must  be  attended  with  a  change  in  its 
composition,  and  the  suppression  of  them  would,  in  some  cases,  per- 
haps, be  equally  as  injurious  to  the  system  as  the  suppression  of 
certain  morbid  discharges  in  the  human  body,  which  are  to  be  re- 
garded as  means  of  preserving  the  healthy  constitution  of  the  blood. 
Id  the  case  of  the  conversion  of  one  organic  compound  into  another 
out  of  the  body,  certain  elements  which  are  not  necessary  to  the  new 
compound  are  set  free;  for  example,  during  the  generation  of  alcohol 
from  sugar  carbonic  acid  is  disengaged.  The  production  not  merely 
of  the  cutaneous  exhalation  and  of  the  urine,  but  also  of  the  peculiar 
secretions  of  many  animals,  may  be  explained  in  a  similar  manner. 
The  formation  and  elimination  of  the  urea  have  the  same  relation  to 
the  production  of  higher  organic  products,  as  the  evolution  of  car- 
bonic acid  has  to  the  formation  ot  alcohol  from  sugar.  If  morbid 
secretions  are  regarded  in  the  same  point  of  view,  they  must  be  dis- 
tinguished into  two  kinds;  first,  those  the  elimination  of  which  is 
absolutely  necessary  for  the  preservation  of  the  normal  constitution 
of  the  blood,  and  which  cannot  with  impunity  be  checked,  unless  the 
process  of  sanguification  generally  has  previously  undergone  a 
fiivourable  change;  and,  secondly,  those  morbid  secretions  which 
are  merely  the  result  of  local  conditions,  and  may  be  arrested  without 
danger.  Accordingly,  after  amputation  of  a  part  which  has  been 
the  seat  of  a  copious  but  not  cachectic  suppuration,  a  surgeon  is  not 
justified,  according  to  physiological  principles,  in  instituting  vicarious 
disehai^es,  or  in  preventing  the  healing  of  the  wound  by  the  first 
intention. 

b.  Other  secretions, such  as  the  milk,  bile,  semen,  and  mucus,  serve 
farther  purposes  in  the  animal  economy. 

The  true  secretions  are  frequently  alkaline,  but  by  no  means  al- 
ways so;  and  one  and  the  same  secretion  (we  may  instance  the  saliva 

*  For  in  aoooant  of  these  and  many  other  analogoat  glands,  see  J.  Miiller,  De 
Glandol.  secernent,  stractnri  penition.  Lipsise,  1830.  An  abridgement  of  which 
work  has  recently  been  published  in  the  English  langnage,  with  additions,  by  Mr. 
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or  the  pancreatic  fluid)  often  alternates  from  the  acid  to  the  alkaline 
state  under  the  influence  of  trifling  circumstances. 

The  formation  of  any  one  of  the  peculiar  secretions^  the  esseatnd 
proximate  constituents  of  which  do  not  exist  in  the  blood  itself,  pre* 
supposes  the  operation  of  a  special  chemical  apparatus,  whether  this 
be  a  membrane  or  a  gland;  and  the  destruction  of  the  secreting  ap- 
paratus must  put  a  permanent  stop  to  such  a  secretion;  thus,  the 
semen  can  no  longer  be  formed  aAer  the  removal  of  the  testes,  nor 
the  milk  after  the  extirpation  of  the  mammary  gland.  Haller's 
assertion,  {Element.  PhysioL  ii.  369,)  that  almost  all  secretions  may, 
under  the  influence  of  disease,  be  formed  by  each  and  every  secretiof 
organ,  is  incorrect.  Ccises  sometimes  occur  in  which  the  secretion 
continues  to  be  formed  by  the  natural  organ,  but,  not  being  able  la 
escape  towards  the  exterior  on  account  of  some  obstruction,  is  re-ab- 
sorbed into  the  blood,  and  afterwards  discharged  from  it  by  exuda- 
tion in  other  ways;  but  these  are  not  instances  of  true  vicarious  secre- 
tion, and  must  not  be  thus  regarded.  Only  the  excretions — those 
matters  which  exist  ready  formed  in  the  blood,  and  of  which  urea  is 
an  example, — can,  after  the  destruction  of  the  excreting  organ,  be 
eliminated  from  the  vessels  in  all  parts  of  the  body  by  the  process  of 
exudation. 

Secreting  apparatus. — The  apparatus  for  the  formation  of  the 
animal  secretions  are  either  cells,  such  as  those  of  the  adipose  tissue; 
plane  membranes,  such  as  the  synovial  and  serous  membranes;  or 
organs  of  peculiar  complex  structure,  the  glands. 

1.  Secreting  cells. — The  cells  of  the  ovary — vesiculae  Graafian^-— 
filled  with  an  albuminous  fluid  in  which  the  much  more  minute 
ovulum  is  developed,  and  the  cells  of  the  testes  of  some  fishes,— of 
the  eel  and  small  lamprey,  for  example, — in  which  the  testis  has  no 
seminal  or  efierent  duct,  as  Rathke  first  observed,  and  in  which  the 
semen  escaping  by  rupture  of  the  cells  into  the  abdominal  cavity  is 
evacuated  from  it  again  by  a  single  orifice,  are  instances  of  secreting 
cells.  Secretion  by  cells  is,  however,  observed  to  the  greatest  extent 
in  the  adipose  cellular  tissue. 

The  fat  is  merely  a  deposit  in  the  cells  of  the  cellular  tissue.  It  is 
met  with  in  the  subcutaneous  cellular  tissue,  in  the  omentum,  around 
the  kidneys,  in  the  medullary  cavity  and  cells  of  bones,  and  less  ex- 
tensively in  several  other  parts.  A  special  structure  appears  not  to 
be  necessary  for  its  secretion,  since  it  can  be  deposited  in  all  parts. 
It  is  quite  unorganised,  and  at  the  temperature  of  the  human  body 
is  even  fluid  or  soft.  The  difierent  kinds  of  animal  fat  are  chiefly 
distinguished  by  the  difierent  degrees  of  temperature  at  which  they 
become  fluid  or  soft,  and  by  the  difierent  proportions  of  stearin  and 
elain  which  they  contain.  Human  fat  is  among  the  softer  kinds. 
The  adipose  matter  of  cold-blooded  animals  is  still  fluid  at  ordinary 
temperatures.  The  chemical  composition  of  fat  has  been  already 
stated.  (Page  132.)  The  use  of  the  fat  evidently  consists  partly  in 
contributing  to  preserve  the  proportions  of  the  external  form,  and 
partly  in  protecting  the  internal  parts  by  virtue  of  its  being  a  bad 
conductor  of  caloric.    But  the  fat  may  likewise  be  regarded  a3  a 


MXXBBAVS8.  491 

dt  of  nutriment,  which  duriDg  fasting,  and  abo  during  wasting 
of  the  body,  is  again  easily  dissolved  by  being  united  with  other 
animal  matters,  or  by  being  converted  into  a  saponaceous  state,  and 
having  thus  again  entered  the  circulation,  is  applied  to  the  formation 
of  other  organic  compounds. 

The  nucleated  cells  of  the  iat,and  their  connection  with  the  cellular 
tissue  have  been  already  described,  (p.  110.) 

The  pigment  cells  (for  example  those  of  the  choroid  coat  of  the 
eye)  and  the  nucleated  globules  of  nervous  ganglia,  may  also  be  re^ 
garded  as  secreting  cells;  the  granules  of  pigment  in  the  one  case, 
and  the  gray  nervous  matter  in  the  other,  being  the  products  of  the 
secretiag  action  of  the  cells  containing  them,  just  as  the  fisit  is  of  that 
of  the  cells  of  the  adipose  tissue.  We  shall,  moreover,  find  that  closed 
cells  seem  to  play  an  important  part  in  the  action  of  many  glands. 

2.  Secreting  membranes. — The  principal  secreting  membranes  are 
the  serous  membranes,  the  mucous  membranes,  and  the  skin. 

a.  The  serous  membranes  seem  to  be  formed  of  fibres  like  those 
of  cellular  tissue  (see  page  110),  aggregated  in  the  same  way  into 
bundles,  which  are  interwoven  together  so  as  to  form  a  membrane, 
the  firee  surface  of  which  is  covered  by  a  layer  of  epithelium.  The 
layer  of  fibres  being  often  deficient,  for  example,  beneath  several  of 
the  serous  surfaces  of  the  brain,  M.  Henle  {Miiller^s  ^ehiv.  1838, 
p.  120,)  suggests  that  the  epithelium  may  be  regarded  as  the  more 
characteristic  element  of  the  serous  membranes,  to  which  it  gives  the 
peculiar  property  of  their  surface.  There  are  three  orders  of  serous 
loembranes:  1.  The  synovial  bursas,  of  which  some  are  subcutaneous, 
while  others  either  surround  or  are  situated  beneath  tendons,  and 
give  them  an  investment.  These  structures,  however,  being  destitute 
of  epithelium,  should  not,  according  to  M.  Henle's  view,  be  classed 
with  the  serous  membranes.  2.  The  synovial  membranes  of  joints, 
which  likewise  invest  the  tendons  or  ligaments  that  pass  through 
their  cavities,  and  have  a  thick  layer  of  epithelium  like  that  of  the 
skin.  The  synovia  is  an  alkaline  albuminous  fiukJ,  which  coagulates 
at  the  boiling  temperature.  3.  Serous  membranes  which  Une  vis- 
ceral cavities. 

Many  persons  have  imagined  that  the  serous  cavities  duriog  life 
contain  a  gas,  without  once  inquiring  what  kind  of  gas  could  exist 
there.  The  supposition  is  erroneous.  The  serous  membranes  are, 
during  life,  so  filled  with  the  viscera,  that  there  exists  no  space  un-* 
occupied;  and  only  just  so  much  fluid  is  secreted  by  the  membrane 
as  is  necessary  to  lubricate  the  contiguous  surfaces,  and  to  prevent 
adhesions.  By  the  constant  action  of  the  abdominal  muscles  the 
viscera  of  the  abdomen  are  kept  closely  pressed  together,  and  any 
change  of  capacity  which  the  abdominal  cavity  undergoes  must 
depend  on  the  varying  fulness  o'f  the  intestinal  canal.  Between  the 
pleura  costalis  and  pleura  pulmonalis  there  is  likewise  during  life 
not  the  smallest  space;  for  the  surface  of  the  lungs  follows  constantly 
the  movements  of  the  thoracic  parietes,  on  which  provision,  indeed, 
respiration  depends.  There  is  also  no  necessity  for  supposing  the 
existence  of  any  gaseous  matter  between  the  heart  and  pericardium 
36 
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during  life,  for  one  part  of  the  heart  ia  alwa3r8  distended  with  blood, 
while  the  other  part  is  contracted;  and  even  if  a  vacuum  could  be 
produced  in  the  pericardium  by  the  contraction  of  one  part  of  the 
nearty  it  would  be  immediately  occupied  by  the  lungs,  expanded  by 
the  external  air  entering  through  the  brondii. 

There  subsists  between  the  different  serous  sacs  such  a  sympathetic 
connection,  that  inflammation  in  one  is  readily  communicated  to  the 
others.  They  become  vascular  by  inflammation.  A  disease  peculiar 
40  them  is  the  effusion  of  the  serum  of  the  blood,  and  it  frequently 
occurs  when  the  viscera  invested  by  them  are  the  seat  of  organic 
disease.  The  fluid  effused  into  the  lai^e  serous  cavities,  frequently 
contains  not  merely  the  components  of  true  serum  of  the  blood,  but 
also  fibrin  in  solution,  as  is  shown  by  its  spontaneous  coagulation  to 
a  jelly-like  mass,  which  afterwards  separates  into  a  clot  of  small  size, 
and  a  limpid  fluid.  In  consequence  of  this  coagulation  of  the  fibrin 
not  taking  place  generally  until  after  the  lapse  of  several  hours,  it  has 
been,  until  recently,  seldom  observed. 

The  mucous  membranes  line  all  those  passages  by  which  internal 
parts  communicate  with  the  exterior,  and  by  which  either  matters 
are  eliminated  from  the  body  or  foreign  substances  taken  into  it 
They  are  soft  and  velvety,  and  extremely  vascular.  In  their  chemi- 
cal properties  they  appear  to  differ  essentially  from  the  skin;  for  they 
Jield  no  gelatin  by  boiling,  are  wholly  insoluble  in  water,  and  even 
y  long  continued  boiling  are  merely  rendered  hard  and  brittle. 
Their  basis,  or  proper  texture,  would  seem  therefore  to  belong  to  the 
albuminous  structures,  (page  115.)  Their  internal  or  free  surface  is 
covered  with  epithelium,  the  structure  of  which  has  been  described 
at  page  108.  The  external  surface  of  the  mucous  membranes  is 
attached  to  various  other  tissues:  in  the  tongue,  for  example,  to 
muscle;  on  cartilaginous  parts,  to  perichondrium;  in  the  cells  of  the 
ethmoid  bone,  in  the  frontal  and  sphenoid  sinuses,  as  well  as  in  the 
tympanum,  to  periosteum;  in  the  intestinal  canal  it  is  connected  with 
a  firm  membrane  or  fascia,  (the  tunica  propria  of  the  intestines,) 
which  on  its  exterior  also  gives  attachment  to  the  muscular  fibres  of 
the  third  coat  of  the  intestines. 

The  mucous  membranes  may  be  distinguished  into  several  princi- 

i)al  tracts: — 1.  The  mucous  membrane  of  the  nose,  from  which  pro- 
ongations  are  sent  into  the  sinuses  communicating  with  the  nostrils; 
and  which,  through  the  medium  of  the  lachrymal  canal  and  puncta, 
is  continuous  with  the  conjunctiva  of  the  eye  and  eyelids.  The  con- 
junctiva is  as  certainly  a  mucous  membrane  as  any  other  of  which 
the  character  has  not  been  doubted.  It  participates  in  the  diseases 
of  the  mucous  membranes,  as  well  the  chronic  blennorrhcBa  as  the 
catarrhal  affections;  and  in  every  case  of  violent  catarrh  of  the  mu- 
cous membmne  of  the  nose,  the  conjunctiva  is  affected  in  both  stages 
of  the  disease.  It  has  nothing  in  common  with  the  serous  mem- 
branes, either  in  its  secretion, — for  the  limpid  secretion  of  the  eyes  is 
derived  from  the  lachrymal  gland,— or  in  its  form,  which  is  not  that 
of  a  closed  sac. 

2.  The  mucous  membrane  of  the  mouth.    This  mucous  tract  com- 
municates in  the  throat  with  that  of  the  nose,  and  sends  a  prolonga- 
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tkm  through  the  Eustachian  tube  to  line  the  tympanuniy  and  the 
inner  surface  of  the  membrana  tympani.  In  the  mouth,  moreover, 
it  sends  prolongations  into  the  excretory  ducts  of  the  salivory  glands; 
and  in  the  pharynx  divides  into  two  great  branches,  of  which  the 
one  lines  the  air  tubes,  and  the  other  the  alimentary  canal.  The 
mucous  lining  of  the  air  tubes  ends  by  forming  the  delicate  mem* 
brane  of  the  pulmonary  vesicles;  while  that  which  is  continued  into 
the  alimentary  canal,  besides  investing  its  inner  surface  in  its  entire 
extent,  also  sends  processes  into  the  ducts  of  the  pancreas  and  liver, 
and  in  birds  communicates  in  the  cloaca  with  the  next  tract  of  mucous 
membrane. 

3.  The  mucous  membrane  of  the  generative  and  urinary  appa- 
ratus, which  lines  the  whole  of  the  urinary  passages,  from  their  ex- 
ternal orifice  to  the  calyces  of  the  kidneys,  extends  into  the  organs  of 
generation  as  far  as  the  ducts  of  the  glands  connected  with  them,  and 
in  the  female  becomes  continuous  with  the  serous  membrane  of  the 
abdomen  at  the  fimbriae  of  the  Fallopian  tubes. 

The  mucous  membrane  of  the  digestive  canal  has  been  already 
described,  (pages  871  and  344.) 

In  fishes  all  the  mucous  membranes  are  brought  into  relation 
with  each  other  through  the  medium  of  the  mucous  surface  of  their 
skin. 

A  remarkable  sympathy  is  observed  to  exist  between  all  the 
mucous  membranes;  thus  their  diseases,  particularly  the  mucous 
discharges  and  the  catarrhal  affections,  have  a  great  tendency  to 
spread  in  them.  By  virtue  of  this  sympathy  the  state  of  one  part  of 
these  membranes  may  be  ascertained  by  examining  another  part:  so 
that  the  state  of  the  mucous  membrane  of  the  tongue  indicates  the 
condition  of  that  of  the  stomach  and  intestinal  canal.  All  the  mu- 
cous membranes  have  likewise  an  extraordinary  sympathetic  con- 
nection with  the  respiratory  movements. 

The  diseases  peculiar  to  these  membranes  are  the  blennorrhceas  or 
mucous  discharges,  and  the  catarrhal  affections,  which  are  distin- 
guished from  the  former  by  their  acuteness,  that  is,  the  rapidity  of 
their  increase  and  decline,  and  by  their  having  two  stages, — the  first, 
that  of  congestion, — the  second,  that  of  increased  secretion. 

Mucus  is  secreted  by  the  lining  membranes  of  the  maxillary,- 
frontal,  and  sphenoidal  sinus,  and  of  the  tympanum,  which  have  no 
follicles,  as  well  as  by  those  membranes  which  have  them.  The 
follicles,  therefore,  cannot  be  the  sole  source  of  the  mucous  secretion. 
These  follicles  or  glands,  moreover,  are  merely  sac-like  depressions 
of  the  mucous  membrane.  In  those  membranes  which  are  covered 
with  epithelium,  by  which,  therefore,  another  secretion  besides  mu- 
cus is  formed,  the  latter  would  seem  to  be  generated  in  the  follicles. 
All  mucous  membranes,  however,  have  an  investment  of  epithelium, 
and  the  mucus  which  covers  their  surface  consists  chiefly  of  separated 
partkles  of  this  epithelium  mixed  with  a  fluid  exudation;  while 
the  mucous  follicles,  where  they  exist,  seem  to  pour  out  a  fluid  hold- 
ing the  mucous  globules  suspended.  The  so-named  mucous  follicles, 
such  as  those  of  the  lips  and  cheeks  are^  according  to  Henle,  glands 
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of  ib*tnDeikriietanaillw88Llh%rf  glands.  ThsvatntaMtcfiOitae: 
gtauijit  oQMiCs  of  a  maw  Jof  fonnd^^or  orali  eomplecalyt  eloted  €6llt«f 
dilbrait  mMB^'and  oonttdning  ao^a  a  granular  mttef^  and  etIiMi- 
paifcotly  farand  iBMOQi  globutaia    A  nmnbar  of  then  oeUt  tMtlad 
byaellular  tiania, and  perbapa  alio  b)r  a  stmemrelaM  membMUM^ 
tem an  adnan,  and aainoh  ara  aaated npan  a  brenoli  of  the  aatt^ 
lorj.  duet^  into  whieh  tba  maooiu  globalaa  and  oclmr  uatteroontalMA 
in  the  celli  an  from  tima  to  tuna  poured,  to  "eonaai^aenea,  aittorvT 
the  membrane  of  the  oells  bnrtting,  or  of  its  becoming  dlaaolvisd  at 
the  part  wham  it  is  eonneoled  iritfa  the  dnoL    Bat,  besidea  theaa- 
compound  mucous  glands,  there  exist,  according  to  Henlci  m  almosl- 
amy  mnoons  membrane,  erea  an  those  which  are  atippoeed  to  be 
dastimte  of  glands,  other  ofgans^  apparently  connected  with  the  ae»' 
orating  action  of  the  membrane.  These  are  round  or  oral  doaed  oella, 
tisible  even  with  the  naked  eye,  and  sometimes  quite  traaspare&t, 
bttt  at  other  ttmea  filled  with  mncons  globules.* 

Mucus  is  formed  by  no  other  than  mucous  memMraiite  It  is  in- 
tended  as  a,  protection  to  the  surftees  which  are  exposed  to  external 
influences.  It  swells  when  plac^  in  water,  but  is  not  soluble  fn  |t|- 
it  does  not  coagulate  by  heat;  is  precipitated  from  waler  in  whidb  it 
is  diffused,  by  alcohol}  but,  after  being  washed,  can  be  again  diffussA' 
in  the  water.  The  secretion  of  all  the  mucous  membranes,  bowefMV 
ia  not  exactly  the  same;  for,  as  Berzelius  found,  the  muetts  of  the 

£  •'bladder  is  quite  insoluble  in  acids,  while  that  of  the'  urinavy; 
Ider  is,  to  Swceftain  extent, soluble  in  dilate  acids,  aa  well  ae  te- 
dilute  alkalies.  Qidtnarily,  adds  dissolye  a  Yetf  smaltpioportioii  of 
mnens.  Omeliii  states  that  the  mucos  of  the  intestines  is  ooaBataMed* 
by  adds,  eret^by  acetic  acid.  The  acids  extract  Tory  little  of  it,  moA} 
do  not  dissolve  it,  even  at  the  boiling  temperature^  The  little  that-kl- 
dissolved  by  the  acids,  or  that  is  extracted  by  digestion  in  water  after 
the  acid  is  poured  off,  is  precipitated  by  infusion  of  galls,  but  seldom* 
by  ferrocyanuret  of  potassium.  The  comparison  of  mucus  with  pus 
has  been  made  in  a  former  page  (184). 

€.  The  Mfu — The  proper  cutaneous  tissue,  in  which  several  orgaaa- 
of  different  kinds  are  imbedded,  consists  of  fibres  interwoven  in  all 
directions.  The  surface  of  the  skin  presents  little  elevations,— pa-' 
pillse,^— which  are  invested  by  the  rete  Malpighii  and  epidermis. 
By  long-<x>ntinued  (twenty  hours)  boiling,  the  skin  is  reduced  wholly, 
or  for  the  most  part,  into  gelatin.  By  the  property  whksh  this  sub- 
stance*^geiatin-— possesses  of  forming  with  tannin  a  compound 
which  resists  putre&ction,  is  explained  the  process  of  tanning. 

The  skin  is  the  seat  of  very  various  secretions,  for  each  of  which 
it  is  provided  with  a  special  organ. 

The  epidermis  is  the  most  general  of  these  secretions.   It  is  formed 
in  lay  en  by  the.  most  superficial  stratum  of  the  true  skin.    Moet- 
obeervera  agree  that  the  cuticle  is  not  vascular.    Schultse  has  in* 
jeOed  with  oil  of  turpentine  a  very  delicate  network  of  vessels  wluch 

*  The  speeli]  teeretlfltt  organs  of  the  jifsstrie  tnd  intestinal  mneoni  membrsDe 
iiBfv  tHwn  dawribad  ia  taa  Maottna  on  Digaallaa. 


THB  QLAHDfl.  425 

separated  with  the  epidermis  from  the  tnie  skin;  but  these  vessels 
may  have  belonged  to  the  sub-epidermic  layer,  and  have  been  me- 
chanically torn  away.  Schultze  states  that  they  had  a  diameter 
several  times  less  than  that  of  the  blood  globules.  If  this  measure- 
ment was  not  made  after  the  epidermis  bad  been  dried,  it  would 
afford  proof  of  what  is  at  present  a  mere  hypothesis, — namely,  of 
the  existence  of  vasa  serosa. 

The  hair  is  secreted  in  the  hair  follicles. 

The  sebaceous  matter  of  the  skin  is  secreted  by  the  innumerable, 
minute,  branched  follicles  opening  by  a  narrow  orific— ;/b//tcti/i  se- 
baeei — which  are  distributed  over  its  surface.  These  sebaceous 
glands  generally  open  into  the  follicie  of  the  hairs.* 

The  perspiration,  lastly,  is  formed  by  small  tubes  of  peculiar  con- 
formation, which  are  spread  over  the  whole  surface  of  the  body,  and 
pour  out  their  secretion  by  minute  pores  in  the  epidermis.  These 
sudoriferous  organs  were  discovered  by  Purkinje  and  Breschett 
The  pores,  which  are  seen  along  the  elevated  lines  on  the  skin  of  the 
palm  of  the  hand  and  sole  of  the  foot,  are  the  opening  of  minute 
ducts  which  traverse  in  a  spiral  course  the  epidermis  and  stratum 
Malpighiannm,  enter  deeply  into  the  cutis,  and  terminate  in  a  gland 
which  is  formed  of  a  convoluted  tube.  In  the  parts  of  the  skin 
where  the  epidermis  is  thin,  the  canals  themselves  are  thinner,  and 
more  nearly  straight  in  their  course.  The  sudoriferous  organs  are 
readily  seen  by  the  aid  of  the  miscroscope,  in  thia  perpendicular 
lamellae,  cut  in  the  direction  of  the  rugae,  from  a  portion  of  skin  pre- 
viously hardened  in  solution  of  carbonate  of  potash.  The  skin  of 
the  palm  is  the  best  for  the  purpose. 

From  this  account  of  the  secretions  formed  in  the  skin»  it  results 
that  for  each,  although  it  appears  only  in  the  form  of  minute  points, 
a  special  complicated  apparatus  is  necessary;  and  that,  although  the 
statements  of  the  older  anatomists  were  correct  as  to  the  perspiration 
being  poured  out  by  distinct  pores,  yet  the  opinion  cannot  now  be 
admitted  that  it  is  directly  effused  by  open  branches  of  blood-vessels; 
since  each  perspiratory  pore  is  merely  the  external  orifice  of  a  canal 
leading  to  a  convoluted  tube  or  follicle,  which  has  no  other  opening, 
and,  like  other  glands,  forms  its  secretion  on  its  internal  surface. 

3.  Olands. — Of  the  oreans  which  have  hitherto  been  called  glands, 
some  have  no  ducts  leading  from  them,  while  others  are  provided 
with  special  efferent  tubes  to  carry  off  the  secretion  which  they  form. 

The  action  of  the  first  kind  of  these  organs  consists  merely  in  their 
exerting  a  certain  plastic  influence  on  the  fluids  which  circulate 
through  them.  They  consist,  therefore,  almost  wholly  of  vessels; 
they  are  vascular  ganglia  (<<  Gteftss-knoten'');  the  vessels  entering 
them  undergo  a  most  minute  division,  and  then  again  unite  to  form 

•  Gorlt,  Mailer's  ArchiT.  1635,  p.  389.  fGorlt,  in  Mullet's  ArohiT.  1836,  399. 

f  See  Weodt,  de  Epidermide  Humana*  Diss,  inaug.  VratisL  1833;  and  in 
Mnller's  ArohiF.  1834,  p.  280;  Bresohet,  Ann.  d.  sc.  nat.,  Sept.  Oct.  Deo.  1834; 
and  NouT.  Reebereb,  sur  la  structure  de  la  Peau,  par  Bresohet  et  Ronssel  do 
Vuitea;  and  Oarlt,  loc  eiu 

se* 
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the  va»a  efferentia,  or  Teasels  which  return  the  fluid  to  the  general 
circuiatioD. 
The  glands  of  this  kind  may  be  divided  into  two  series: — 

a.  Those  formed  essentially  of  blood-vessels,— ^an^/ta  sangttineo^ 
vaseulaaa.  Such  are  the  spleen  in  the  chy lopoietic  system,  the  supra^ 
renal  capsules  in  the  genito-urinary  system;  the  thyroid  and  thy m  cm 
bodies  in  the  respiratory  system  of  organs;  the  glandula  choroidalie 
in  the  eye  of  fishes;  and,  lastly,  the  placenta  of  the  foetus. 

All  these  organs  are  masses  of  blood-vessels,  and  seem  destined 
merely  to  exert  an  influence  on  the  blood  which  Is  distributed  in  such 
minute  channels  through  their  parenchyma.  They  are  sometimes 
united  into  one  mass,  as  the  placenta  and  the  spleen;  sometimes 
divided  into  several,  as  in  the  instances  of  the  cotyledons  and  splen- 
culi  of  some  animals. 

b.  Lymphatic  ganglia, — ganglia  fymphatiechvasculaaa.  These 
are  formed  of  the  branches  of  the  inferent  and  eflferent  lymphatics; 
the  ultimate  divisions  of  which  form  a  mass  of  reticulated  vessels 
and  cells.  Such  are  the  lymphatic  and  mesenteric  glands.  Their 
action,  likewise,  can  only  affect  the  lymph  or  chyle  which  traverses 
them.  They,  also,  are  sometimes  distinct  and  many  in  number,  tike 
the  mesenteric  glands,  in  most  cases;  and  sometimes  united  into  a 
mass,  as  the  pancreas  Asellii,  which  consists  of  conglomerated  mesea* 
teric  glands. 

All  these  glands,  which  are  glomeruli  of  blood-vessels  or  lympha* 
tics,  are  excluded  from  consideration  in  the  present  inquiry. 

Glands  of  the  second  kind  not  merely  produce  a  change  in  the 
fluid  which  cirt^ulates  through  them,  but  also  give  rise  to  a  new  fluidt 
which  is  the  product  of  a  transformation  of  the  blood »  and  is  poured 
into  special  tubes  or  efferent  ducts.  The  structure  of  all  the  glands 
of  this  kind  must  now  be  examined. 


CHAPTER  II. 

OF  THE  INTERNAL  STRUCTURE  OF  THE  GLANDS. 

Malpighi,  in  his  Exercitationea  de  structurd  viscerunij  publish- 
ed in  1665,  laid  down  the  doctrine  that  the  elementary  parts  of  all 
glands, — the  so-named  acini, — have  the  same  structure  as  the  simple 
follicles  and  the  conglomerated  follicular  glands;  that  is,  that  they 
consist  of  minute  roundish  sacs,  which  receive  the  secretion  from  the 
blood-vessels,  and  pour  it  into  the  efferent  ducts.  But  Ruysch,  in  1 626, 
was  enabled,  by  his  improved  method  of  making  minute  injections, 
to  show,  without  difficulty,  that  the  so-calied  follicles  of  the  conglo- 
merate glands  contain  a  vast  number  of  minute  blood-vessels. 
Ruysch,  however,  attributed  too  much  importance  to  his  method  of 
investigation,  and  to  the  facts  which  it  enabled  him  to  discover;  and 
he  was  thereby  led  to  the  false  conclusion  that  the  proper  substaoce 
of  glands  consists  solely  of  blood<>vessels,  and  that  the  minute  blood- 


BTETrCTVBS  OV  OUkVDfl.  487 

Tenets  terminate  by  direct  inosculation  in  the  dacts  of  the  glands. 
This  doctrine  acquired  great  weight  from  the  circumstance  of  Haller 
being  inclined  in  its  favour.  (Elemeni.  Physiol,  lib.  xi.  sectio  xxiii.) 
Haller,  and  several  of  his  followers,  have  adduced,  as  arguments  for 
the  correctness  of  Ruysch's  view,  the  escape  by  the  ducts  of  fluids 
injected  into  the  blood-vessels  of  glands,  and  the  occurrence  of 
hemorrhage  from  secreting  tissues.  But  in  all  these  cases  laceration 
must  have  taken  place.  My  investigations  have  shown,  also,  that, 
whenever,  during  injection  of  the  ducts,  whether  of  the  liver  or 
kidney,  the  blood-vessels  become  filled,  the  minute  ducts  themselves 
have  not  received  any  injection;  consequently,  that  extravasation 
must  have  taken  place.  The  kidneys  appeared  to  aflford  the  most 
evident  proof  of  the  communication  between  the  arteries  and  ducta 
of  glancb;  indeed,  long  vessels  running  in  the  medullary  portions  of 
the  kidney,  and  filled  with  injection-matter  thrown  into  the  artery, 
have  been  shown  at  anatomical  lectures,  to  demonstrate  the  existence 
and  course  of  the  canals  or  ducts  of  Bellini.  But  a  more  accurate 
examination  by  Buschke  and  myself  has  discovered  that  such  vessels 
are  not  ducts,  but  blood-vessels. 

The  investigation  of  the  structure  of  the  kidneys  by  Ferrein  {Mem. 
de  PJlcad.  Roy.  de  Sc,  de  Paris,  1749,)  was  the  first  in  which  an 
improved  method  of  examination  was  adopted  and  instituted  with 
accuracy.  Ferrein  discovered  the  convoluted  canals  of  the  cortical 
substance  of  the  kidney,  of  which  neither  Malpighi  nor  Ruysch  had 
suspected  the  existence,  but  which  Ferrein  regarded  as  the  seat  of 
the  secretion  of  the  urine.  The  similarity  of  these  uriniferous  canals, 
discovered  by  Ferrein,  to  the  iubuli  semin\feri  of  the  testis,  which 
diflTer  from  them  merely  in  being  visible  to  the  naked  eye,  was  im* 
mediately  recognised.  The  tubuli  seminiferi  themselves,  however, 
must  alwajrs  be  of  great  importance  in  the  question  of  the  minute 
structure  of  glands,  since  they  present  to  us  distinctly  an  example  of 
the  independent  existence  of  the  secreting  canals,  on  the  parietes  of 
which  none  but  the  most  minute  arteries  ramify,  and  terminate  in  a 
capillary  network  from  which  the  minute  veins  take  their  rise. 

JVlascagni  and  Gruikshank  next  showed  that  the  secreting  canals 
in  the  mammary  glands  commence  in  the  form  of  cells;  and  Prof. 
E.  H.  Weber  {MeckePs  •drchiv.  1827,)  has  discovered  that  the  same 
is  the  structure  of  the  salivary  glands  of  birds  and  mammalia,  and  of 
the  pancreas  of  birds.  The  interesting  researches  of  Weber,  and  the 
equally  excellent  observations  of  Buschke  {Isisj  1828,)  on  the  struc- 
ture of  the  kidneys,  were  the  first  step  in  an  inquiry  which  I  have 
myself  since  undertaken  in  its  whole  extent,  having  in  its  prosecution 
examined  the  structure  of  the  secreting  canals  in  all  kinds  of  secret- 
ing glands.  (J.  Mailer,  de  Gland.  Struct.  Penit.  Lips.  1830.) 
The  result  has  been  the  discovery  that  the  secreting  canals  in  all 
glands  form  an  independent  sjrstem  of  tubes;  that,  whether  they  be 
convoluted,  as  in  the  kidney  and  testis,  or  ramitied  in  an  arborescent 
form,  as  in  the  liver  and  salivary  glands, — whether  they  terminate 
by  twig-like  caeca,  as  in  the  liver^  or  in  grape-like  clusters  of  cells,  as 
in  the  salivary  glands,  pancreas,  and  mammary  gland,— 4heir  only 
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qonneotion  with  the  blood-yands,  in  all  eaiMS,  ooaaiiti  in  thttteUtr 
xamifpng  and  fiMrming-  a  capillary  nel woric  on  their  walls  and  •  tm 
their  interstice^  and  tlmt  the  finest  secreting  tubes,  namely  thoaa  «f 
tiieli?er  and  kidneys,  are  always  several  times  larger  in  dhiB— ttr 
than  the  minute  ramifications  of  the  arteries  and  veins. 

The  indiviaual-  forms  in  which  the  secretiog  canals  are  arranged 
are  various  .hut  all  secreting  glands  agree  in  this^that.  by  tbe-ui^ 
tenor  of  their  tubes,  or  of  their  convolnted  or  ramified  canals,  thsi^. 
afford  an  extensive  sqrfiice  for  secretion,  and  that  the  same  actipa  m 
performed  by  the  inner  surfiu:e  of  their  canals  or  ducts,  as, is  effectnd 
m  a  more  simple  manner  by  a  simple  secreting  membrane..  The  end^ 
therefore,  at  which  Nature  seems  to  have  aimed,  in  the  pcisnliat  di^ 
tribntion  of  the  substance  destined  to  produce  a  chemical  change  im 
the  organic  matt^^  is  that  of  obtaining  a  great  surface  ia«  sasaU 
space;  and  she  has  attidned  this  end  in  the  most  various  ways.  ; 

The  nmplesi  glandM  are  mere  recesses  of  greater  or  less  size  in  the 
surfiu»  of  a  membmne:  sometimes  they  are  only  very  shallow  dei^ 
pressions,  such  as  the  simple  crypts  of  the  mucous  membrane^  in 
other  instances,  they  form  distinct  sacs  with  a  narrow  neck^  sbeh 
are  the  follicles  of  the  mucous  membranes,  not  including  the  ao- 
called  glands  of  Peyer,  of  which  the  structure  has  bc^n  described  in 
the  section  on  digestion;  in  other  cases,  again,  the  membrane  is  n- 
fleded  back  in  the  form  of  a  tube,  of  which  we  have  an  example  in 
the  mucous  canals  under  the  skin  of  fishes.  The  folKch^  *^/bUir 
euluSf^*  and  the  tube^  ^  iuifUus/*  may  indeed  be  regarded  aa  the 
elementary  forms  of  the  two  principal  modifications  in  the  structnrb 
of  glands.  B«it  even  the  follicles,  which  appear  to  be  the  moat 
simple,  have  a  complicated  structure;  either  the  interior  of  the 
follicle  presents  cellular  dilatations,  or  the  sac  is  clustered  like  ^the 
Lieberkuehnian  crypts  of  the  intestines  and  the  Meibomian  glands  erf* 
the  eyelids;  or  the  walls  of  the  follicle  are  themselves  formed  of  caacal 
tubes  running  perpendicularly  to  their  surface,  which  is  the  structure 
of  the  gastric  glands  of  birds  and  other  animals. 

The  various  more  complicated  forms  qf  glands  resulting  from 
the  further  development  of  the  follicle  and  tube  and  consequent  in- 
crease of  the  secreting  surface,  may  be  distinguished  as  follows:— 
Several  of  the  sacs  or  tubes  are  often  closely  associated  together,-^ 
folliculi  aggregati;  sometimes  in  a  linear  manner,  as  the  Meibomian 
glands;  in  other  instances  in  a  moss,  like  the  glandular  layer  in  the 
proventriculus  of  birds.  In  this  aggregate  form  the  openings  of  the 
separate  follicles  remain  distinct;  but  nature  attains  the  same  end  by 
assembling  the  follicles  in  one  mass  opening  by  a  single  orifice,— 
folliculi  compositif  conglomerati;  the  tonsils,*  the  labial  and  buccal 
glands,  arid  the  prostatic  gland  of  many  mammalia,  have  this  struo- 
ture;  the  mammary  gland  of  the  Ornithorhynchus  and  the  pancreas 
of  the  sword-fish  and  thunny,are  likewise  instances  of  a  similar  form 
of  gland.    {J.  JUilller,  loc.  cit.    Tab.  3.)    If  we  imagine  the  same 

*  On  the  different  forms  of  the  tonsils  In  Uis  dlflWrent  orders  of  the  msmmslis, 
see  m  peper  bjr  Rspp,  In  MnlWs  iifcfaiv.  ld3S^,p»  189. 
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process  of  the  development  of  a  compound  gland  to  be  carried  still 
forther,  the  separate  follicles  of  the  composite  follicle  will  send  oat 
smatler  branches,  and  a  ramified  cavity  with  twig-like  or  vedicular 
extremities  will  result  The  compound  follicles  also  may,  like  the 
sbnple  follicles,  be  aggregated  together,  and  then  form  a  larger  glan- 
dular mass  with  several  or  many  efferent  ducts,  of  which  the  human 
prostate  is  an  example;  it  consists,  namely,  of  an  aggregation  of 
several  smaller  glands,  each  of  which  is  formed  of  a  ramified  tube* 
with  cellular  extremities.  By  the  still  further  progress  of  the  mode 
of  complication  here  indicated,  a  compound  gland  is  formed.  But 
only  one  series  of  compound  glands  is  developed  in  this  way.  A 
second  series  consists  of  those  which  are  constituted  of  tubes  which 
do  not  ramify,  or  only  to  a  very  inconsiderable  extent:  here  the  in- 
crease of  surface  is  obtained  by  the  length  and  convolution  of  simple 
canals  which  in  their  entire  extent  have  a  nearly  equal  diameter. 

1.  Compound  glands  with  canals  of  the  ramified  type, — The 
principal  glands  comprehended  under  this  head  are  the  lachrymal, 
mammary,  and  salivary  glands,  the  pancreas,  and  the  liver.  They 
are  divisible  into  two  groups:  a.  glands  in  which  the  ducts  ramify 
with  a  certain  degree  of  regularity,  the  principal  trunk  giving  off 
branches  laterally  at  certain  intervals,  and  these  sending  out  in  the 
same  way  side  branches,  which  in  their  turn  afford  a  third  set;  this 
is  the  mode  of  ramification  in  the  lobulated  glands,  the  lachrymal^ 
mammary,  and  salivary  glands,  and  the  pancreas;  and  hence  it  is 
that  these  glands  have  orders  of  lobules  loosely  connected  by  cellular 
membrane,  which  correspond  to  the  degrees  of  division  of  the  ductd* 
The  smallest  parts  of  such  glands  visible  with  the  naked  eye  are  in 
86100  instances  granules,  or  acini,  which  are  only  aggregates  of  cells 
seated  in  clusters  on  the  extremities  of  the  most  minute  secreting 
canals,  and  surrounded  by  a  network  of  capillaries;  the  cells  them- 
selves being  too  minute  to  be  visible  except  in  their  distended  state 
and  with  the  aid  of  the  microscope.*  In  other  instances,  the  minute 
secreting  canals  are  arranged  in  the  form  of  extremely  delicate  caeca 
around  the  branches  o(  the  duct,  like  the  leaves  of  mosses  on  their 
stem;  this  form  of  ramification  is  seen  in  the  liver  of  the  higher 
cmstacea,  and  in  the  lachrymal  gland  of  tortoises  and  turtles,  and 
likewise  gives  rise  to  the  formation  of  lobules.  In  other  glands  again, 
for  instance  in  the  Cowper's  glands  of  the  hedgehog,  {J.  MUlleVf  loc. 
ciis  Tab.  iii.  ^g.  8,  9,)  the  radicle  ducts  of  a  minute  lobule  termi- 
nate, as  in  the  last-described  forms,  without  becoming  vesicular,  but 
are  arranged  in  tufts  of  twig-like  tubes. 

b.  The  second  group  of  glands  with  ramified  secreting  tubes,  con- 
sists of  those  in  which  the  ramification  is  irregular,  and  in  which 
there  is  no  division  and  subdivision  of  the  glands  into  lobules.  The 
liver  belongs  to  this  group;  the  tufts  of  the  most  minute  branches  of 
the  biliary  ducts  form  acini,  it  is  true;  but  these  acini  are  united  into 
one  lobe,  or  several  common  lobes,  without  being  previously  collected 
into  lobules. 

^  *  The  recent  obtenratlons  of  Henle  and  others  on  the  stnieture  of  these  cells 
and  of  the  tnbalaf  secreting  canals  of  other  gltnds  will  be  found  at  the  end  of  the 
present  Chapter. 
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This  irregular  mode  of  ramification,  and  the  circamstance  thai 
the  final  branches  of  the  ducts  terminate  qot  in  cells,  but,  after  maoi* 
fold  division,  in  twigs  of  microscopic  minuteness,  a  great  number  of 
which  are  united  to  form  what  is  called  an  acinus,  characterise  the 
liver  of  vertebrate  animals.  The  liver  of  the  Invertebrata  frequently 
belongs  to  the  first  group. 

We  will  now  describe  the  etnietare  of  the  principal  glands  of  this  class,— the 
glands  with  ramified  secreting  tubes, — which  are  met  with  in  the  human  subject. 

A.  The  lachrymal  glatuL-An  birdi  and  Mammalia  the  secreting  canals  of  the 
lachrymal  elands  are  regularly  branched,  and  terminate  in  each  acinus  in  a  number 
of  little  cells.  These  cells  are  very  large  in  birds;  and  in  them,  as  well  as  in  the 
horse,  can  be  filled  with  mercury  from  the  efferent  duct. 

B.  3Atmmarjf  gland. — ^Tbe  Tarieties  of  conformation  of  this  gland  may  be  re- 
ferred to  two  general  type».  It  is  either  composed  of  ceca,  or  of  branched  ducts 
which  ultimately  terminate  in  bunches  of  microscopic  cells.  The  mammary  inland 
opens  on  the  surface  of  the  nipple  in  some  Mammalia^  as  the  ruminants,  by  a  single 
orifice;  in  others,  as  man  and  the  carniTora,  by  several;  in  the  latter  instances,  there 
are,  in  fact,  scTeral  glands  in  each  mamma«  The  structure  of  these  glands  may  be 
very  beautifully  shown  by  filling  the  ducts  even  to  the  terminal  cellules  with  mer- 
cury. The  diameter  of  the  celluls  lactifers  is  from  ten  to  thirty^five  times  greater 
than  that  of  the  smallest  capillary  vessels  in  the  human  body. 

C.  Salivary  glands, — In  Mammalia^  the  form  in  which  a  salivary  gland  first 
appears  is,  according  to  Weber^s  and  my  own  observations,  that  of  a  simple  canal 
with  bud-like  processes,  lying  in  a  gelatinous  nidus  or  **  blastema,"  and  commu- 
nicating with  the  cavity  of  the  mouth.  As  the  development  of  the  gland  ad- 
vances, the  canal  becomes  more  and  more  ramified,  increasing  at  the  expense  of 
the  germinal  mass  or  **  blastema*'  in  which  it  is  still  enclosed.  The  blastema 
soon  acquires  a  lobulated  form  corresponding  to  that  of  the  future  gland,  and  is  at 
last  wholly  absorbed.  Thus,  in  the  first  suge  of  their  development,  the  salivary 
ducts  can  be  seen  to  constitute  an  independent,  closed  system  of  tubes;  bnt  in  tha 
adult  state  also,  the  vesicles  which  terminate  the  ultimate  microscopic  branches  of 
the  ducts,  can  be  filled  with  mercury  from  the  excretory  duct.  Professor  £•  H* 
Weber  has  succeeded  in  doing  this  in  the  human  subject,  and  I  have  effected  it  in 
the  dog.  The  most  minute  cells  which,  when  filled  with  mercury,  have  a  dia- 
meter about  throe  times  greater  than  that  of  the  capillary  blood-vessels,  are  united 
ioto  small  grape-like  bunches  or  lobules  from  four  to  seven  times  larger  than  the 
cells  themselves.  The  most  minute  pulmonary  air  cells  are  from  ^^e  to  sixteen 
times  larger  than  the  cells  of  the  parotid  gland. 

D.  Fancreoi, — The  mammary  gland  is,  in  its  simplest  form,  namely,  in  the 
Cetacea,  composed  merely  of  csca;  and  the  pancreas  likewise  appears  first  in  the 
same  form,  constituting  the  pyloric  appendices  ofjishea.  These  pancreatic  or  py- 
loric csca,  which  indeed  are  wholly  wanting  in  some  fishes,  vary  in  their  number 
and  complexity.  The  process  of  development  of  the  pancreas,  as  it  is  observed  in 
the  tadpole^  is  similar  to  that  of  the  salivary  glands  in  mammalia.  But  even  in 
the  adult  state  tn  birds  E.  H.  Weber  and  I  have  succeeded  in  injecting  it  with 
mercury,  so  as  to  fill  the  cell-like  extremities  of  its  secreting  canals.  The  diameter 
of  these  cells  is  from  six  to  twelve  times  greater  than  that  of  the  capillary  blood- 
vessels. 

E.  Tfie  liver  of  Mammalia  is  a  very  difficult  subject  of  investigation,  and  it  it 
only  from  its  mode  of  development  that  we  can  derive  any  certain  conclusions  as 
to  its  intimate  structure.  It  is  an  extremely  difficult  matter  to  make  a  good  in- 
jection of  the  minute  biliary  canals,  while  the  blood-vessels  may  be  injected  in 
their  whole  extent. 

Development  of  the  liver^  and  ite  itrudure  in  birde  and  Mammalia.  The  observa- 
tions of  Rolando,  Baer,  and  myself  have  placed  it  beyond  a  doubt  that  the  liver  in 
the  embryo  of  the  bird  is  originally  developed  bv  the  protrusion,  as  it  were,  of  a 
part  of  the  walls  of  the  intestinal  canal,  which  is  likewise  the  mode  of  development 
of  the  lungs  and  pancreas.    According  to  Baer,  (in  BurdadCt  Physiologies  Bd«  ii. 
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p*  504,)  tho  liver  of  the  embiyo  of  the  bird  is  first  Tisible  about  the  middle  of  the^ 
third  day,  in  the  fonn  of  two  oonieal  hollow  branches  of  the  alimentary  tube,  which 
eoabrace  the  common  Tenons  stem.  The  cones  increase  in  length,  poshing  before 
them  ramifications  of  blood-fessels,  while  their  base  becomes  gradoally  narrowed, 
and  assames  the  form  of  a  cylindrical  doct.  Whilst  the  liver  is  being  thos  de- 
veloped by  the  protmsion  of  the  parietes  of  the  intestine  in  the  form  of  two  hollow 
eones  into  the  Tascolar  layer  that  invests  it  externally,  internal  ramifications  are 
developed  in  the  cavities  of  the  cones,  and  these  at  the  same  time  become  onited 
at  their  base,  in  consequence  of  more  and  more  of  the  surrounding  part  of  the  in- 
testinal parietes  bein^  taken  up  to  form  them,  till  at  last  the  part  that  separated 
them  is  removed  to  a  distance  from  the  intestine;  and  the  cavities,  originally  double, 
open  by  one  mouth  into  the  intestinal  tube.  The  gall-bladder  is  developed  as  m 
diverticulum  from  the  hepatic  duct. 

Respecting  the  latter  stages  of  the  formation  and  ramification  of  the  biliary  e^ 
nals,  we  have  some  observations  of  Harvey  and  Malpighi.  Harvey  {Exereii,  de 
generai.  animaL  19,)  described  the  substance  of  the  liver  as  growing  like  sprouts 
or  bods  from  the  external  surface  of  the  blood-vessels;  on  the  sixth,  seventh,  and 
ninth  days  the  liver  appeared  to  Malpighi  {De  format.  puUi^  6!,)  to  consist  of  c«ca. 
I  have,  with  the  aid  of  the  microscope,  followed  still  further  the  progress  of  its 
development.  On  the  surface  of  the  liver  in  the  embryo  I  have  seen  innumerable 
evca,  or  short  twig-like  bodies,  of  a  yellowish  white  colour,  projecting  from  the 
blood-ied  substance,  in  which  they  lay  very  closely  aggregated  together.  In  more 
advanced  embryos  the  c»ca  appeared  more  branched,  so  as  to  have  the  form  of 
ftathers,  or  even  of  arborescent  tofts.  Each  of  the  ceca  measured  about  jj,  of  an 
English  inch  in  diameter. 

It  req^aired  patient  microscopic  examination  of  the  injected  liver  to  recognise  the 
most  minute  branches  of  the  ducts,  and  they  lay  so  closely  together  that  they  ap* 

Eired  to  be  united  one  with  another:  their  diameter  varied  from  ^J^  to  i^it  of  >a 
glish  inch;  they  were  larger  therefore  than  the  cafrtllary  blood-vessels.  It  it 
rsmarkable  that  the  minute  biliary  canals  of  the  embryo,  unlike  the  minute  canals 
of  the  salivary  glands,  terminate,  as  we  have  seen,  by  blind  twig-like  extremities, 
and  that  no  boo-like  or  vesicular  enlargements  appear  on  them  at  a  later  period  of 
thair  development. 

Several  writers,  Autenrieth,  Bichat,  Cloquet,  Mappes,and  Meckel,  have  spoken 
of  two  substances  as  existing  in  all  parts  of  the  liver,  and  as  constituting  a  cortical 
and  medullary  portion  of  each  acinus.  From  my  researches,  however,  it  results, 
that  there  is  but  one  Icind  of  real  hepatic  substance,  formed  of  agglomerated  biliary 
eanals;  but  the  ramified  divisions  of  this  substance  being  connected  by  a  vascular 
cellalar  tissue,  which  is  often  of  a  dark  colour,  a  contrast  between  this  and  the 
yellow  substanee  of  the  acini  is  produced.  A  similar  relation  of  the  constituent 
parts  of  the  liver  exists  in  the  embryo  of  the  bird,— in  it  the  yellowish  twig-like 
nunifications  of  the  biliary  canals  are  seen,  on  the  surface  of  the  organ,  riaing  ont 
of  a  reddish  vascular  tissue. 

Di^rihuiion  of  the  blood'-vetBels  in  the  /iver.— Injection  thrown  either  into  the  he- 
patic artery  or  into  the  portal  vein  fills  the  same  capillary  network  from  which,  on 
the  other  hand,  the  hepatic  veins  likewise  arise.  It  appears,  therefore,  that  the 
arterial  blood  of  the  hepatic  artery  and  the  venous  blood  of  the  norta  become  mixed 
in  the  minute  vessels  of  the  liver,  and  that  the  secretion  of  bile  probably  takee 
place  from  both.  The  most  delicate  capillaries  are,  as  1  have  said,  more  minute 
than  the  microscopic  ceca  of  the  biliary  ducts.  They  form  a  network  which  oc- 
eopies  ^1  the  interstices  of  the  secreting  canals,  and  invests  them,  but  has  no  direct 
communication  with  them;  for  in  the  embryo  of  the  bird,  and  in  the  larva  of  the 
frog  also,  the  secreting  canals  of  the  liver  can  be  seen  with  the  .aid  of  the  micro- 
seope  to  terminate  on  the  surface  of  the  organ  with  blind  extremities.  In  the  larva 
of  the  salamander,  the  blood  can  with  the  microscope  be  seen  circulating  between 
the  acini  of  the  liver. 

The  very  valuable  researches  of  Mr.  Kieman  {Philomh.  Tramad.  1833,  pt.  9, 
p.  711,)  have  advanced  our  knowledge  of  the  anatomy  or  the  liver.  He  deacribes 
the  lobules  of  the  liver  (which  by  other  anatomists  are  termed  acini)  as  leaf-shaped, 
bnt  not  flattened,  bodies,  which  send  ont  several  short  rounded  processes.  In  the 
interior  of  each  lobule  runs  a  central  vein,  [vemda  intraUMam^)  which  is  a  branch 
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of  the  heratio  Tain,  and  which  retanis  the  Uood  from  the  etpiUary  oetwortc  of  i\m 
lobule.  The  branches  of  the  hepatic  Tein  from  which  theae  intralobular  Teins 
arise,  run  in  canals  formed  by  the  bases  of  the  lobules,  and  on  their  inner  anrfnea 
appear  perforated  by  foramina  which  are  the  mouths  of  the  rennla  intralobularaa 
issuing  from  the  bases  of  the  lobules.  All  the  lobules  of  the  lit er«  there£Die«  eoo* 
tribute  by  their  bases  to  form  canals  for  the  hepatic  yeina.  The  external  sar£we 
of  each  lobule  is  invested  by  a  sheath  of  cellular  membrane, — a  prolongation  of  the 
oapsule  of  Glisson,— -and  in  this  cellular  membrane,  which  at  the  same  time  aepn- 
rates  the  lobules  one  from  another,  the  branches  of  the  hepatic  artery  and  those  of 
the  portal  Tein  run.  The  latter  veins  (\he  venm  inierloMare§)  terminate  in  the 
capillary  network  of  the  lobule,  from  which  the  intralobular  veins  on  the  other 
hand  ansa.  Congestion  of  either  of  these  systems  of  veins  ffiiFes  rise  to  a  d  iffeveBoe 
of  tint  in  the  corresponding  part  of  each  lobule,  of  which  the  natural  colour  la  yeU 
lowish:  if  the  portal  or  Interlobular  veins  are  congested,  thtf  centre  of  the  lobnle 
appears  pale;  if  the  congestion  affecta  the  hepatic  or  intralobular  veins,  it  is  the 
margin  of  the  lobule  which  is  left  of  the  paler  yellow  colour;  and  hence  has  ariaett 
the  erroneous  supposition  that  the  lobules  are  composed  of  two  substancea. 

The  cellular  tissue  of  the  capsule  of  Glisaon  is  continued  from  the  transverse 
fissure  into  the  interior  of  the  liver,  forming  a  common  sheath  for  the  hepatie 
artery,  portal  vein,  and  hepatic  duct;  it  surrounds  all  the  branches  of  the  porta  and 
the  accompanying  brandies  of  the  artery  and  duet,  and  terminates  at  last  in  the 
interlobular  cellular  tissue.  The  branches  of  the  hepatic  vein  are  in  no  way  con* 
nected  with  these  cellular  sheaths. 

The  hepatic  artery  i8,.according  to  Kiemaq,  diauribcted  principally  to  the  walla 
of  the  gall-bladder,  the  bile-ducts,  and  the  other  blood-vessels,  to  which  it  sappliea 
the  vasa  vasorum.  From  the  capillary  network  that  results  from  its  ramifintion, 
he  supposes  the  blood  to  pass  into  branches  of  the  portal  vein,  and  thence  into  the 
hepatic  veins;  for^  when  fine  injection  was  thrown  into  the  hepatic  artery,  the 
portal  veins  became  filled,  but  not  the  hepatic  veins.  Having  injected  the  porta 
nrat  with  blue,  and  the  artery  afterwards  with  red,  he  found  branchee  of  both 
Teaaels  in  the  coats  of  the  vessels  of  the  bile-ducts  and  of  the  gall-bladder;  the 
lobules  of  the  liver  were  coloured  blue,  and  merely  points  of  Uie  red  injection 
were  seen  here  and  there  in  their  marginal  portion.  These  are  Kieman'a  gcoaada 
for  believing  that  those  branches  of  the  hepatic  artery  which  enter  the  lobules  do 
not  terminate  directly  in  the  hepatic  veins,  but  pour  their  blood  firat  into  branchea 
of  the  porta,  from  which  it  is  afterwards  transmitted  to  the  hepatic  veina.  The 
commonly  received  opinion,  that  all  the  blood  of  the  liver— that  of  the  hepatie 
artery  as  well  as  that  of  the  portal  voin-^is  poured  into  the  same  cspillary  sys- 
tem, would,  according  to  Kiernan's  view,  be  incorrect;  but  his  opinion  is  not  yet 
satisfactorily  confirmed,  and  it  is  opposed  to  what  we  can  observe  in  the  injected 
preparationa  of  Lieberkiihn,  in  which  the  injected  matter  ia  seen  to  have  fre- 
quently passed  into  the  same  network  as  readily  from  tlie  one  as  from  the  other 
vessel.* 

2.  Glands  with  a  tubular  structure. — The  kidueys  and  testicles 
are  examples  of  this  structure  in  the  human  body.  The  increase  of 
secreting  surface  is  here  obtained  by  means  of  convoluted  canals  of 
great  length,  which  do  not  ramify,  or  only  in  a  slight  degree,  and 
maintain  the  same  diameter  in  the  greater  part  of  their  course. 

In  the  embryo  of  Mammalia  and  of  the  human  ntbject  the  kidnev  consists  of  several 
distinct  lobes  (rencull)  which  are  connected  only  by  the  divisions  of  the  pelvis  of 
the  kidney.  The  renculi  correspond  in  number  to  the  pyramidal  or  medullary 
portions  of  the  kidney  of  the  adult  animal.    In  aeveral  animals, — the  bear,  the 
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Otter,  uifl  the  cetaoea— the  rencali  remain  separate  throagfaovt  life.  Each  renoalm 
ia  the  animals  just  mentioned,  aa  well  aa  in  the  fcetoa  of  mammalia  and  of  man, 
oonaiata  of  the  pyramidal  medullary  portion,  with  a  layer  of  cortical  aobatance  in- 
veatiog  ita  baae  like  a  cap,  and  continued  at  ite  aides  even  as  far  as  the  mammalia. 
The  entire  cortical  subatanee  consiste  of  conToluted  ducts,  of  which  the  diameter 
raoaaina  the  aame  in  their  whole  lenffth.  In  the  horae*8  kidney  the  cortical  aub- 
atanoa  ia  thin,  and  the  convolated  tnbea  are  therefore  leaa  numeroua.  It  is  very 
diffiealt  to  find  the  extremity  of  the  conToluted  urinary  tubulea.  Weber  examined 
the  human  kidney  with  the  microscope,  but  could  find  no  ducts  terminating  with 
free  end  a;  all  aeemed  to  form  loops.  By  the  aid  of  the  air-pump  I  ha^e  succeeded 
in  injeetiog  the  horse's  kidney  from  the  ureter,  and  ha?e  disooFered  that  in  it  the 
tubuk  urimferi  anaatomoae  freely.  The  weight  of  eridence  in  favour  of  the  tubuli 
uriniferi,  in  man  and  Mammalia  generally,  terminating  wholly  by  anastomosist  ia 
therefore  now,  by  Mr.  Owen's  obserTations,  rendered  crreaL 

The  duootUum  rfihe  blood-veMMcii  in  the  iubaittnee  rfiae  kidney  is  extremely  inter- 
esting. In  the  cortical  structure  they  form  the  ordinary  capillary  network,  of  which 
the  meahea  are  so  close  that  the  interTals  are  not  many  times  lar^rthan  the  diame- 
ter of  the  capillaries  that  enclose  them.  Among  the  tubuli  uriniferi  of  the  cortical 
aubstence  lie  the  acini  of  Malpighi,  bodiea  larger  than  the  urinary  canala,and  mi* 
ble  CTen  with  the  naked  eye.  Schumlansky  haa  drawn  them  much  too  email. 
They  lie  in  veaicular  cavities  of  the  cellular  tissue  between  the  tubuli  uriniferi,  and 
conaiat  wholly  of  convoluted  blood-vessels.  It  is  remarkable  that  they  exist  in 
the  kidneys  of  most,  perhaps  of  all,  vertebrate  animals;  they  have  been  found  in 
the  kidney  of  the  frog,  toad,  salamander,  turtle,  and  tortoi^r,  birda,  mammalia,  and 
maut  and  recently  by  Hyrtl  in  the  kidney  of  fishes.  They  can  be  filled  with  injeo- 
ti<^  from  the  arteries  as  easily  as  from  the  veins,  and  are  simply  receptacles  for 
blood,  and  not  aa  Schumlansky  supposed  the  beginning  of  the  tubuli  nnniferi. 

The  convoluted  tubuli  uriniferi  themselves  are  the  aeatof  the  accretion  of  urine, 
which  is  poured  out  by  their  whole  internal  surface,  not  by  their  extremities  only. 
They  are  etery  where  surrounded  by  minute  currente  of  blood,  circulating  in  the 
capillary  network  which  fills  their  interstices,  and  is  extended  over  their  external 
agrface.  The  fluid  part  of  the  blood  may  permeate  the  delicate  parietes  of  the  uri- 
niferous  canals,  and  suffer  in  iu  tranait  a  chemical  change,  or  the  eflfete  matters 
contained  in  the  blood  of  the  capillaries  may  be  attracted  and  separated  from  it  by 
the  agency  of  those  canals. 

In  the  medullary  portions  of  the  kidney  no  blood-vessels  run  between  the  nrinarr 
canals  in  straight  linea,  from  the  cortical  portion  towards  the  mammalia.  These 
straight  blood-vessels  are  easily  injected  either  from  the  arteriea  or  the  veina,  and 
were  formerly  aupposed  to  be  urinary  oanala,  and  to  prove  the  exiatence  of  a  com* 
manication  between  the  blood-veasels  and  ducte  of  glands.  But  they  differ  from 
tha  secreting  canaJa  in  becoming  smaller  as  they  approach  the  mammalia,  on  which 
they  terminate  in  the  common  capillary  network  which  surrounds  the  openings  of 
the  tubuli  uriniferi. 

The  accreting  can^s  of  the  kidneys  are  extremely  similar  to  the  tubuli  aemini- 
feri;  both  are  convoluted  and  form  anastomoses,  but  the  canala  of  the  kidneya  are 
tha  more  minute;  in  the  human  subject  they  are  several  timea  smaller  than  the 
aaminal  tubes,  therefore  cannot  be  aeen  wiih  the  naked  eye.  In  serpente,  and  in 
tha  sharka  and  raya,  on  the  contrary,  they  are  ao  large  as  to  be  visible  without  the 
aid  of  a  glass. 

Tlie  structure  of  the  human  te»ti$  haa  been  recently  investigated  by  Sir  A.  Cooper, 
(on  the  Sirueiure  of  the  TVt/M,  translated  into  German.  Weimar,  183S,)  and  with 
atill  greater  success  by  Prof.  A.  Lauth,  (Mem,  de  la  Sodeii  dt  PHiMtoire  Natur.  de 
abJeurg,  liv.  ii.)  and  by  Krause,  (MiUlerU  Archiv.  1837,  20.)  Sir  A.  Cooper 
deaeribea  the  lobules  of  the  testis  as  being  not  merely  separated  from  each  other 
by  nroceaaea  of  the  tunica  albuginea  which  form  aepta  between  them,  but  aa  being 
aaea  enclosed  in  an  exceedingly  delicate  membrane.  The  ttAuH  eeminiferi  taken 
tofetfaar  are  all  directed  towards  the  rete  testis,  and  may  be  regarded  aa  forming 
ona  eone  of  which  the  apex  is  towarda  that  part;  each  tubulus,  likewiae,  ia  ao  die- 
poaed,  that,  by  the  convolutions  into  which  it  is  reflected  becoming  smaller  and 
smaller  aa  it  approachea  the  rete,  it  forma  a  cone,  the  apex  of  which  is  directed  to 
tha  aama  point.  The  diameter  of  all  tha  tnbnli  is  the  aame.  The  meaanrameDte 
37 
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am  given  in  tba  tibU  at  the  sod  of  the  ehtpter.  A  lobole  eoetiiMy  aeeonliDg  to 
Lauth,  ■ometimes  one,  tometimee  twot  at  other  times  sereral  tuboli.  He  leekoos 
the  number  of  the  tabiiH  at  840,  and  the  length  of  one  at  two  feet  three  inehea. 
Kraoae  found  from  404  to  484  kbuli  in  a  single  teatta.  1  had  obaenred  oome  of 
the  seminal  tubes  terminating  by  free  extremities  in  mammiferoos  animala:  the 
obserTstion  ia  most  eaaily  made  in  rodentia  on  aeeount  of  the  larger  siae  of  tlM 
tuboli  in  them.  Lauth  haa  but  onoe  seen  a  aeminal  eanal  ending  with  a  free  ax* 
tremity  in  the  human  teatis.  Kraoae  has  seen  such  free  ends  of  the  tobuli  semiiii- 
feri  frequently,  and  eonfirms  the  opinion  of  their  terminating  in  that  waj  as  well 
aa  by  anastomosis.  Lauth  attribntea  the  circa  mstance  of  free  extremities  of  the 
tubes  being  so  seldom  seen  to  their  uniting  with  each  other  so  as  to  form  loops. 
He  deseribes  the  division  and  re-union  of  the  tubes  to  be  so  frequent  that,  in  a  ansall 
portion  which  he  apread  out,  and  in  which  there  were  about  forty-nine  inches  ef 
tube,  he  found  about  fifteen  anastomoses.  It  is,  however,  only  towards  their  ei« 
tremity  that  the  seminal  tubea  anastomose  thus  freely.  The  discovery  of  the 
anastomoses  of  the  seminal  tubes  is  perfectly  original. 

The  tubuli  seminiferi  form  a  system  of  e\wed  tubes  of  the  same  diameter 
tbronghoot,  hence  we  cannot  suppose  that  the  semen  is  secreted  merely  by  their 
extremities;  on  the  contrary,  their  whole  internal  surface  must  perform  that  olBee; 
and,  since  they  are  fifteen  times  thicker  than  the  smallest  branches  of  the  arteries 
which  ramify  on  their  coats,  a  direct  inosculation  between  the  two  systems  of 
TOsseU  cannot  be  thought  of. 

When  the  tuboli  seminiferi  have  reached  to  within  a  line  or  two  of  the  lete 
testis,  they  cease  to  be  convoluted;  several  unite  together,  and  tlien  enter  the  me 
under  the  name  of  the  tobnli  recti,  of  which  there  are,  according  to  Lauth,  oer* 
tainly  more  than  twenty,  the  number  ascribed  to  them  by  Haller.  Their  diamq|pr 
is  greater  than  that  of  the  tiibnli  aeminiferi.  The  rete  testis  occupies  a  grsat 
portion  of  the  upper  border  of  the  organ;  it  commences  a  short  distance  from  the 
internal  extremity,  and  extends  as  far  aa  the  external  third  of  the  upper  border, 
varying  in  length  from  six  to  eleven  lines;  it  is  contained  in  the  thickness  of  the 
tunica  albuginea,  and  gives  rise  to  an  internal  white  process  of  that  tunic,  called 
the  corpus  Highmori,  ths  height  of  which  measures  from  two  to  four  linest  the 
base  from  three  to  five  lines.  The  rete  testis  consists  of  from  seven  to  thirteen 
TMsels,  which  run  in  a  waving  course,  anastomose  with  each  other,  and  again 
divide,  being  all  connected  together.  The  vasa  eiferentia,  whieh  issue  from  the 
rete,  and  go  to  form  the  head  of  the  epididymis,  are  at  firat  straight,  but  aoen 
become  convoluted,  each  forming  a  cone  of  which  the  apex  corresponds  to  the 
rete  testis,  the  base  to  the  head  of  the  epididymis.  Lauth  says  that  the  efferent 
csnals  diminish  in  size  as  they  approach  the  epididymis;  their  number  is  from  nine 
to  thirty,  their  length  eight  inches.  They  enter  the  canal  of  the  epididymis  one 
after  another,  the  interTal  between  the  entrance  of  every  two  being,  according  to 
Lauth,  three  inches  three  lines.  The  average  length  of  the  oanal  which  forms  the 
epididynriis  is  stated  by  Lauth  to  be  twenty-one  feet. 

The  vasculum  aberrans  is  usually  found  at  the  angle  whjch  the  vas  deferens 
makes  when  it  applied  itself  to  the  epididymis;  it  generally  unites  with  the  ter- 
mination of  the  canal  of  the  epididymis,  less  frequently  with  the  commencement 
of  the  vas  deferens.  In  rare  cases  there  are  several  vasa  aberrantia.  The  van 
aberrans  is  a  caecal  appendage  of  a  yellowish  colour;  its  length,  when  unravelled, 
varies  from  one  and  a  half  to  fourteen  inches.  The  part  nearest  to  the  epididymis 
is  always  smaller  than  the  rest  of  the  canal,  and  mnch  smaller  than  the  tube  of 
which  the  epididymis  is  formed.  Towards  its  caeoal  extremity  it  becomes  gradu- 
ally larger;  and  sometimes,  after  being  dilated  for  a  certain  extent,  terminatea  by 
becoming  again  extremely  minute.  Its  ofiice  is  evidently  the  secretion  of  a  flnia 
which  it  pours  into  the  epididymis.  Whether  it  bears  any  relation  to  the  eorpora 
Wolfiiana  of  the  embryo  is  not  known. 

The  general  results  relative  to  the  structure  of  the  glands^  which 
may  be  deduced  from  the  foregoing  anatomical  description  of  the 
individual  secreting  organs,  are  the  following: — 

1.  However  various  the  form  of  their  elementary  parts,  all  secret- 


iog  glands  without  exception  (not  only  those  of  the  human  body, 
but  all  met  with  in  the  animal  kingdom)  follow  the  same  law  of 
conformation^and  constitute  an  uninterrupted  series  from  the  simplest 
fbUicle  to  the  noost  complex  gland. 

2.  No  tine  of  demarcation  can  be  drawn  between  the  secreting 
oigans  of  invertebrata  and  those  of  vertebrate  animals;  not  merely 
do  we  meet  with  the  simplest  sacs  and  tubular  secreting  organs,  like 
those  of  insects,  in  the  higher  animals,  but  there  is  a  gradual  transi- 
tion from  the  simple  secreting  organs  of  insects  to  the  glands  of  the 
most  perfect  vertebrata.  The  mammary  glands  of  the  Omithorhyn- 
chus,  the  simplest  salivary  glands  of  birds,  the  prostate  gland  of 
many  Mammalia,  the  pancreas  of  most  fishes,  are  as  simple  as  the 
secreting  organs  of  the  Crustacea. 

3.  All  glands  agree  in  affording  by  their  interior  a  large  surfiice 
for  secretion.  The  varieties  of  internal  surface  by  which  the  great 
end^ — extent  of  sur&ce  in  a  small  space, — is  attained,  are  very  nu- 
merous. Nature  displays  here,  as  elsewhere,  an  infinite  profusion  in 
the  variation  of  forms,  without  departing  from  the  simplest  laws  of 
development  An  extraordinary  variety  of  form  is  presented,  wiUi 
almost  a  vegetable  character,  by  the  seminiferous  tubes  in  insects; 
and  still  more  extraordinary  is  the  variety  in  the  form  of  the  secret- 
ing canals  which  attends  the  increasing  complication  of  the  more 
perfect  glands  in  the  higher  animals;  but  all  glands  have  the  common 
character  of  being  an  efilorescence,  as  it  were,  from  the  principal 
efferent  duct  in  the  form  of  cavities  or  canals  with  closed  extremities. 
Malpighi's  theory  of  the  structure  of  glands  is  therefore  certainly 
correct,  its  truth  has  been  placed  beyond  doubt  by  recent  researches; 
bat  Malpighi  was  not  acquainted  with  the  true  glandular  elements; 
the  parts  in  the  compound  glands  which  he  called  follicles,  are  not 
leally  the  elementary  parts,  but  are  themselves  formed  of  much  more 
minute  elements  agglomerated  together  around  the  branches  of  the 
efferent  ducts.  Moreover,  the  blind  extremities  of  the  secreting  tubes 
are  not  always  follicles;  they  may  be  long  caeca;  or  ramifying  caecal 
canals  united  in  a  pinnate  form;  sometimes  they  are  bunches  of  cells, 
in  other  instances  large  convoluted  tubes  which  preserve  their  dia- 
meter throughout,  and  anastomose  frequently  with  each  other.  The 
main  point  in  Malpighi's  doctrine,  however,  is  correct;  namely,  that 
all  the  terminal  branches  of  the  ducts  are  closed  cavities.  The  lungs 
may  serve  as  the  type  of  an  entire  series  of  glandular  organs. 

4.  Jleinif  in  the  hypothetical  sense  in  which  the  term  has  been 
used  by  writers^ — ^in  the  sense,  namely,  of  secreting  granules, — do 
not  really  exist;  there  are  no  glomeruli  of  blood-vessels  with  ducts 
trising  from  them  in  a  mysterious  way,  as  has  been  supposed,  what- 
ever notions  may  have  been  held  regarding  them. 

5.  The  parts  described  as  acini  are  merely  masses  formed  by  the 
agglomeration  of  the  extremities  of  the  secreting  canals;  frequently, 
ii^eed,  they  are  formed  of  minute  vesicles,  aggregated  together  in 
gmpe-like  bunches,  which  may  be  injected  with  mercury,  and  are 
often  susceptible  of  inflation.  The  only  example  of  glands  really 
•eonsisting  of  solid  granules  is  afforded  by  the  testes  of  some  few 
fishes. 


4k  b  iMny  glaadb.  which  htv^  fcean  ineonmcdy  dfcmibid  M  teM 
Mini  or  aMreling  giapulei^  evM:  the.hoUov  reiiciilar  trnmitmApm 
•f  Ihfi  doGto  do  not  wi«t:  tho  aocreting  tabot,  iniiead  of  tecminrthig 
in  yettdas  or  eell%  fonn  long  coni^ciliMd.eanab^f  Iho  aaaM  jiinmflmt 
tbronghottt,  m  in  the  kidMf  and  tottofi^and  oMliy  other  ^Md^  hot 
'Otnight  tnbal^M  in  tbe:lMhr3nnal  gland  of  the  leMdo  mpimMr 
jhort  CBcn,  aeln  the  liver  of  Cm^teoea  and  the  proiiatK  gtaad.4ef 
.  manf  MiMnmalia,  in  eertain  glandi  of  a  gra(ie-like  etructuro,  epoh 
ae  the  ealiTiirjr  gland%  the  pancreas,  the  manunary  gland  mf  Met 
JManunaliay^tbeflachnrmal  ^and  of  birds  and-  Mamoialia»lh»]ifer^ 
dorian  glaiMlyihe  liver  of  aollneca,  Ac,  there  are  certainty 
.  tenninaiione  of  the  eecreting  canala  constituting  a  ^snbetentiit' 
nosa.''  The  expressions  **9ui$tantia  aeifuma^*'  ^oeim/*  and  simier 
lennsy  are  applfeable  consequently  to  such  glsnds,  inasmncb  aa  *<aci- 
noi^''  aocoiaing  to  its  derivation,  means  a  nnali  grape.  Bat  this 
meaning  his  been  gradually  corrupted,  through  the  lueeessiQii  .^f 
hjrpotheoQs,  to  that  of  a  secreting  granule,  granular  substanee;  mA 
since  the  term  <<acinn8''  is  strictly  applicable  only  in  the  case  aftn 
.  lev  glands,  it  is  advisable  to  be  very  cautious  in  the  use  of  a  wold 
with  which  so  many  fidse  ezphmations  and  hypotheees  eve  OM- 

IMMtffA  ■  ' 

7.  It  has  been  demonstrated  in  the  case  of  all  glands  that^ibe 
UeodrV«sseIs  are  not  continuous  with  the  secreting'  tubes— that  the 
niniUe  vessels  bear  the  same  relation  to  the  coats  of  the  hollow,  a»> 
cseting  amals  and  their  closed  eztrenuties,  aa  to  any  other  :delieMe 
secreting  membmne,  such  as,  for  example,  the  muoons  meml»aM#f 
the  pulmonary  air  cells.  The  arteries  do  not  open  by  free  ^mootha 
iota  the  radicle  ezlremitiea  of  the  eecreting  canah  and  oavitise'oC'liis 
^tand^  bat  terminate  by  numerous  anastomosee  with  the  veins^lbiaH 
ug  a  network  which  is  dirtributed  over  the  surfiu^  of  the  elememta^f 
parts  of  the  gland.  ^ 

8.  Thus  the  blood-vessels,  like  the  secreting  canals,  constitute  an 
independent  closed  ssrstem  of  vessels;  the  arteries  and  veins,  after 
ramifying  in  an  arborescent  manner,  being  connected  together  by  a 
net-work  of  closed  tubes. 

9.  It  was  formerly  asserted  that  in  some  glands  a  communication 
exists  between  the  ducts  and  the  lymphatics.  Such  is  not  the  eaaa; 
my  reasons  for  denying  it  have  been  already  stated. . 

10.  The  system  of  secreting  canals  with  dosed  hollow  extremities 
is  to  be  regarded  as  an  elBorescence  of  the  eflferent  ducts,  and  may 
indeed  be  observed  to  be  developed  in  the  embryo  from  an  originaDf 
undivided  tnbe. 

11.  The  arborescent  ramifications  of  the  blood-vessels  accompaii^ 
the  ducts  in  their  development,  and  the  reticulated  capillaries  in 
which  the  blood-vessels  terminate  are  extended  over  aH  the  cloeed 
elementary  parts  of  the  gland  and  supply  them  with  blood.  In  the 
chick  we  .may  observe  the  simultaneous  development  of  the  two 
•systems;  in  proportion  aa  the  development  of  Internal  sur&ce  from  # 

elane  membrane  to csBciunand  ramified ccca .proceeds,  the  vascular 
lyer  oi.  the.original^  aimple  membrane  it  raised  on  the  exterior ^f 
tM  efflorescence. 


19.  The  ramified  canals  and  tubes,  which,  when  the  stractnre  is 
simple,  as  in  insects  and  Crustacea,  and  even  in  some  glands  of  the 
Mammalia,  lie  freely  and  unconnectedl^,  become  more  aggregated 
together,  and  acquire  a  common  covering,  in  proportion  as  their 
evohition  is  carried  further,  and  thus  is  produced  a  parenchyma,  or 
solid  o^an.  This  process  of  development  has  been  made  the  subject 
of  direct  observation  in  the  embryo. 

13.  The  capillary  blood-vessels  are  for  the  most  part  much  more 
minute  than  the  smallest  branches  of  the  ducts  or  secreting  canals, 
and  their  caecal  extremities,  even  in  the  most  complex  glandular 
organs.  The  elementary  parts  of  glands,  though  minute,  are  of  such 
a  siEe  that  the  capillary  blood-vessels  form  around  them  a  network 
which  invests  them.  See  the  foregoing  anatomical  description  of 
the  diflferent  glands,  and  the  table  of  microscopic  measurements  at 
the  end  of  the  present  chapter.  During  the  development  of  all  the 
componnd  glands,  while  the  secreting  canals  are  still  free,  and  not 
abrogated  together,  the  same  relation  as  to  size  can  be  seen  to  exist 
between  them  and  the  capillary  blood-vessels. 

14.  The  formation  of  the  glands  in  the  embryo  displays  the  same 
progressive  evolution  from  the  simple  to  the  complex  state,  as  is  ob* 
served  in  ascending  the  animal  scale.  The  most  perfect  and  complex 
glands  of  the  higher  animals,  when  they  first  appear  in  the  embryo 
of  these  animals,  consist  merely  of  the  free  efferent  ducts  without 
any  branches,  and  in  that  state  exactly  resemble  the  secreting  organs 
of  the  lower  animals;  the  glands  are  formed  from  the  unbranched 
tabes  by  a  kind  of  efSiorescence  or  ramification. 

15.  The  mode  in  which  the  extent  of  internal  secreting  surface  of 
a  gland  is  realised  is  very  various;  and  no  one  kind  of  conformatioii 
is  peculiar  to  any  one  gland.  Perfectly  different  glands  may  have  a 
similar  elementary  structure,  as  is  the  case,  for  instance,  with  the 
testes  and  the  cortical  structure  of  the  kidneys.  And  similar  glands 
have  often  a  perfectly  different  structure  in  different  animals;  of 
which  the  lachrymal  glands,  examined  in  the  chelonian  reptiles,  birds, 
and  Mammalia,  afford  an  example.  How  various,  too,  is  the  ele«- 
mentary  structure  of  the  liver  in  the  animal  series;  in  one  case  being 
represented  by  simple  casca;  in  another,  by  tufts  of  caeca;  in  others 
a^in,  by  bunches  of  cells,  or  by  a  spongy  mass;  or,  lastly,  by 
branched  ducts  ending  in  feather-like  terminal  twigs!  How  infinitely 
various  is  the  conformation  of  the  secreting  tubes  of  the  testes! 
The  kidneys  alone  maintain  one  constant  character  in  all  classes 
of  animals;  namely,  that  of  consisting  of  long  tubes  which  do  not 
ramify^  but  run  either  parallel  with  each  other  or  interwoven,  al- 
Aough  the  arrangement  of  these  tubes  is  subject  to  the  greatest 
variation. 

16.  We  do  not  observe  an  absolutely  progressive  development  of 
the  glands  from  the  lowest  to  the  most  perfect  animals;  on  the  con* 
tniry,  we  meet  in  every  class  with  rudimentary  glands  of  extremely 
simple  structure,  constituting  their  first  form  in  the  class:  thus,  the 
salivary  glands  have  this  simple  structure  in  birds  and  serpents;  and 
the  manunary  gland  of  the  omithorhjrnchns,  the  prostate  gland  of 
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r,  17»  How«7ar  difJEOWt  dis,  aacratioM*of  tbe  glaadsmay  lMt.4hf 
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•fondepce  petweea  the  fabetwoe  of  Ihe.gleiid  and  Ihe  matter  iriiiek 
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.the  atteQtioo  of  anatomitts  has  been  directed  only  to  the 
Jbe.Yajrioua  forms  in  which- Nature  has  arranged  thevSuhetame' itf 
gh(iidS|^  apparently  for  the  purpose  of  gaining  extent  4if  aeorelfiig 
somce,  while  the  mieroeoopic  characters  of  the  glaodulaf  subfltaafi 
Itself  has  seemed!  of  little  interest  The  recent  obsenrations  of  Hit 
kii^  Schwapnjtand  Henle,  however,  have  pointed  out  a  new  fub^ 
ject  for  investigation  in  the  elementary  particles  which  conetitoteja 
great  part  of  the  secreting  oiffans,  and  form  the  walls  6i  the  seciniting 
cavities.  Puridnie  remarked  that  the  parietes  of  secreting  cavitife 
generally,  as  well  of  the  follicles  ot  the  stomach  as  of  the  s^eretiqg 
canals  of  the  various  glands,  are  formed  of  nucleated  granules,  Cfsm^ 
pesiog  what  he  denominates  the  glandular  encAymo.  In  thia  en^ 
jBhyma  he  places  tlie  special  secreting  power  of  the  glaqds,  attributes 
to  each  of  the  granules  a  tdta  proptOf  and  compares  them  to  lUf 
oeUs  of  plants,  which  prepare  their  special  contents  from  the  geoeii) 
fluids.  Sctiwann  msJces  similar  olmrvations,  and,  like  Purk4nJ9» 
regards  the  columnar  cells  of  the  epithelium  of  mucous  membranis 
gwierally  as  the  secreting  organs  of  thMe  surfaces.  The  nucleatid 
epithelium  cells  of  the  secreting  canals  of  tbe  kidney  and  testis^  oC 
the  lachrymal,  manttnary,  and  salivary  glands,  and  the  analogoos 
parts  in  the  liver  and  sebaceous  follicles,  have  been  most  aocnratsly 
described  by  Qenle^  The  secreting  tubuli  of  the  kidney  are  invsMad 
internally  with  a  layer  of  flattened  cells,  with  distinct  nudeL  Tbe 
diameter  of  each  nucleus  is  about  0.0033  of  a  line.  In  the  cortical 
part  of  tbe  kidney  the  tubuli  appear,  as  Henle  describes  them,  to  bo 
wholly  composed  of  a  layer  of  these  cells;  but  in  the  medullaagr 
portion  there  is  distinctly  visible  an  external,  delicate,  membranous 
tube  of  homogeneous  structure,  which  sometimes  appears  destitute 
of  epithelium.  The  vesicular  extremities  of  the  secreting  canals  in 
the  mammary,  salivary,  and  lachrymal  glands,  and  in  the  pancrei|% 
contain  similar  epithelium  cells.  M.  Henle  has  recently  stated  thai 
the  terminal  vesicles  of  these  glands  are,  like  those  of  the  muco^f 
follicles,  closed  cells,  within  which  the  secretion  is  forpoed,  and  which 
from  time  to  time  open  and  pour  their  contents  into  the  ducts  of  the 
glands.  It  is  certainly  difficult,  in  microscopic  examination,  to  trace 
distinctly  a  communication  between  the  cavity  of  these  vesicles  and 
that  of  the  ducts;  but  it  appears  to  tbe  translator  equally  difficult  ti^ 
prove  that  such  communication  does  not  exist;  he  has  never  seen 
the  vesicles  separate  from  the  mass  as  perfectly  closed  cells,  and  tha 
focility  with  which  they  are  injected  from  the  ducts  is  rather  opposed 
10  M.  Henle's  description.  The  observations  of  Wasmann  respecting 
ttie  cellular  structure  of  die  follicles  of  the  stomach  has.  been  noticed 
in  the  chapter  on  the  S(riicture  of  the  pigostive  Organs.. 
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■  The  acini  of  the  liver  are  accurately  described  by  M.  Henle  as 
composed  in  greater  part  of  polygonal  cells,  containing  each  a  pale 
oval  or  round  nucleus,  and  several  globules  of  fatty  matter  of  dif- 
ferent sizes.  The  nucleus  is,  as  M.  Henle  states,  most  distinct  in 
those  cells  which  contain  no  fat  globules.  In  the  cells  composing 
the  acini  in  the  sheep's  liver,  the  translator  perceived,  as  they  rolled 
over  in  the  fluid,  that  the  oil  globules  were  attached  to  the  inner 
aor&ce  of  the  wall  of  the  cell.  These  globules  of  fatty  matter  are 
doubtless  what  M.  Turpin  described  as  young  vesicles  developed 
within  the  component  vesicles  of  the  liver,  for  the  young  cellules  in 
the  acini  of  the  liver  are  really  developed  from  nuclei  in  the  inter- 
stices or  on  the  exterior  of  the  old  cells.  It  is  difficult  to  determine 
the  relation  which  the  cells  of  the  liver  bear  to  the  terminal  branches 
of  the  hepatic  duct.  Purkinje  says  that  they  form  the  lining  of  the 
ultimate  twigs  of  the  ducts,  but  nothing  like  the  secreting  canals  of 
the  other  glands  can  be  distinguished  by  mere  microscopic  exami- 
nation in  the  substance  of  the  acini  or  lobules  of  the  liver.  The 
whole  cavity  of  the  secreting  vesicles  of  the  Meibomian  glands  is, 
according  to  Henle,  filled  with  cells  like  those  of  the  liver;  and  the 
contents  of  the  sebaceous  glands  of  the  skin  were  found  by  him  to 
consist  of  similar  cells. 

Jbbk  of  measurementi  if  d^ereni  microtcopie  parti* 

anSmgUBkimeh. 

Cmllane»  (aeeordlDg  to  Professor  E.  H.  Weber)        .  •        ^ifg^  to  j^ 

Do»        in  the  kidneys  ^according  to  my  measorement)       .        ^^^  to  7^9 

Do.        in  the  haman  ins     .  .  .  •  •        j^^  to  j^^ 

Do.        in  the  ciliary  processes        .....         ji^^ 

The  smallest  ou/niofuii^y  mr^ceUi  in  the  human  subject  (according  7         1    tn  jl 

to  w  eoer 1  .  •  •  •  .  3 

alindrical  c«ca  in  the  lanff  of  the  embryo  of  the  bird    .  .  •         j^^ 

B  elementary  vedcke  of  the  mammary  eland  in  the  hedge-hog  1  1    «^   1 

giving  Suck  .  .  ;  .  .  ^5       T^toA 

Do.  Do.  in  the  dog,  filled  with  mercury     •  .  ^  j 

Cdk  ef  the  eaUvary  glande  in  the  goose^  injected  by  myself         .  .  y|j 

Do.  Do.     the  parotid,  in  the  new-bom  infant,  injected  by  Weber      j-f^ 

Do.  Do.  Do.        in  the  dog,  injected  by  myself    .  .  ^^J 

CsUs  of  the  hehrymal  eland  of  the  goose,  measured  from  my  injeetions  ^^ 

ElamsBtary  parts  of  the  laehrvmal  gland  of  the  testudo  my  das    •  ^\-g 

Oslls  of  the  Harderian  gland  of  the  hare,  from  my  injections      •  •  ^  j^ 

Do.  Do.  of  the  ffoose,  filled  with  mereniy,  i  i  i  of  a  line* 

Cells  of  the/Nnwrcof  of  the  ^se,  fined  with  mercury     .  •  ^\^  to  ^\^ 

BsBMBtary  vesicles  of  the  iiitwr  of  the  helix  pomatia        •  .  y(y 

Klefliisntsry  tobes  of  the  liver  of  the  embryo  of  the  jay,  one  inch  in  length         j\^ 
TsffOBtaal  twigs  of  the  biliary  ducts  on  tbe  surfiice  of  the  liver  of  ^  .    ^    , 

the  embryo  of  the  rabbit,  injected  .  .  3        iti  »  Ttr 

C«ea  of  the  Wolffian  bodiee  of  tlie  embryo  of  a  bird 
Do.  Do.       of  another  embryo     . 

DebmH  vtiniferi  of  the  petromyzon  marinua 

**        **        of  the  electric  rav  •  •  •  • 

<•        ••        of  serpents,  filled  with  mercury  •  • 

**       '*  Do.      their  extremities 

**        *'        of  the  owl,  injected  from  the  ureter,  their  extremities 
**        **        of  the  cortical  substance  of  the  kidney  of  the  squirrel 


surface  of  the  horse's  kidncnf,  injeetecl  ^  1    *^    1 

from  tbe  meter   ...  3        »♦»  *^  "» 


''       on  the  surface  of  the 
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TuMi  uriniferi  in  the  pyramidal  portiona  of  the  horae'a  kidnej  at  the  2  jl 

mammellB,  the  largeat     •  •  •         5  ^ 

Do.      thoae  of  the  medinm  aiae         •  •         ^it 

Do.      the  amalleat  aeen  in  aeetioaa  of)  i   tA    4. 

the  cortieal  eobatanee  5        »"^*»» 

in  the  cortical  aubatance  of  the  human  kidaej  (Weber) 
in  the  pyramidal  portiona 
meaaared  on  the  mammelle       •  . 

The  glomeruH  ar  eorp&ra  Mai^ghiana  of  the  human  kidney 
The  flame  (Weber)  •  •  * 

The  atraight  arteriea  in  the  nyramidal  portiona  of  the  dog*a  kidney 
The  aame  near  the  mammella*  where  tney  form  a  network 
lysbuU  umitUferi  of  a  younff  cock 

«        "       ofaaqoirrel       .  .  .  • 

**        **       of  the  bed|[e-ho(f  •  •  • 

«»        •»        of  the  bamaa  teatia        •  •  • 

**        ••  "  "     filled  with  meroary 

The  tabalt  aeminiferi  of  the  human  teatis,  according  to  Lauth 
*•»«••«        filled  with  mercury 
The  tobnli  recti  (Laoth)  .  •  •  •  . 

The  oanala  of  the  rate  teatia  (Lauth)         •  • 

Tbe  tubea  in  the  anal  gland*  of  the  gooae  •  . 

The  twig-like  cteca  or  tubea  of  Cuwptr*9gland»  in  the  hedge-hog 
Cella  of  the  human  Meibomian  glandi  (Weber)    • 
Cella  in  the  aalivary  p^landa  of  Uie  mnrex  tritonia,  ^  to  ^  of  a  line 
Cella  of  the  epongy  liTcr  of  the  murex  tritonia,  ^  to  ^  of  a  line. 

Compare  the  meaaurementa  of  different  parte  given  by  Krauae  in  Mnller*a 
AichiT.  837«  p.  30. 


CHAPTER  ni. 


OF   THE  PROCESS  OF  SECRETION. 


1.  0/  the  causes  of  secretion. 

Secretion  is  merely  one  kind  of  those  changes  or  <<  metaoior* 
phoses"  which  the  circulating  fluid  of  animals — the  blood — under- 
goes in  its  course.  In  all  the  organs  of  the  body  the  blood  passes 
through  a  network  of  very  delicate  vessels, — the  capillaries^ — which 
constitute  the  medium  of  communication  between  the  arteries  and 
the  veina  The  capillaries  have  no  open  mouths,  but  their  parietes 
are  extremely  thin  and  delicate,  and  do  not  prevent  a  free  interchange 
of  material  between  the  substance  of  the  organ  and  the  currents  of 
blood.  The  substance  of  the  organ  Imbibes  the  blood  and  appro- 
priates to  itself  the  components  of  that  fluid,  assimilating  them  in  a 
different  way  in  each  individual  organ. 

Oeneral  conditions  of  a  secreting  organ. — All  secretions  are 
formed  on  free  surfaces,  whether  these  be  afforded  by  simple  mem- 
branes, such  as  the  serous  and  mucous  membranes,  or  by  the  more 
complex  internal  surface  of  the  cellular  or  tubular  cavities  of  glands. 
In  the  secreting  membranes  the  blood  is  transmitted  from  the  arteries 
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to  the  veins  tbroagh  an  infinite  namber  of  anastomosing  vessels 
^which  form  an  extended  network.  The  membrane  is  permeated  by 
the  hquid  portion  of  the  circulating  fluid,  e£fects  in  it  some  change, 
and  pours  out  the  matter  thus  chcmged  as  a  secretion  on  its  surface. 

The  most  complex  gland,  with  its  ducts,  canals,  tubuli,  cells,  or 
caeca,  is  to  be  regarded  in  like  manner  as  merely  a  very  extensive 
organised  surface  on  which  the  transformation  of  the  blood  takes 
place. 

The  elementary  tubular  canals  of  the  kidney,  and  the  elementary 
parts  of  the  liver,  as  well  as  of  the  other  compound  glands,  are  in 
their  whole  course  surrounded  with  a  network  of  capillaries,  and  are 
separated  from  each  other  merely  by  delicate  cellular  tissue,  which 
connects  them  together,  and  contains  in  its  substance  the  minute  cur- 
rents of  blood.  The  whole  external  surface,  therefore,  of  the  ele- 
mentary canals,  racemes  of  ceils,  tubuli,  &c.  is  overrun  with  small 
currents  of  blood;  and  the  walls  of  the  canals,  &c.  being  permeated 
by  the  fluid  portion  of  the  blood,  impress  on  it  some  peculiar  change, 
and  pour  out  the  fluid  in  its  altered  state  on  their  inner  surface,  to  be 
carried  out  by  the  efiisrent  duct.  This  is  the  simple  process  of  secre- 
tion, which  differs  from  nutrition  merely  in  the  circumstance  that  the 
part  of  the  blood  which  has  undergone  the  peculiar  change  is  elimi- 
nated on  a  free  surface  instead  of  being  added  to  the  substance  of  the 
organ. 

Stai  qf  the  secreting  process. — It  was  formerly  supposed,  in 
opposition  to  all  analogy,  that  the  secreting  process  had  its  seat  in 
the  extremities  of  the  glandular  canals,  or  in  those  mysterious  bodies, 
the  acini.  But  that  was  a  very  incorrect  view,  as  Professor  E.  H. 
Weber  has  already  remarked;  for  the  acini,  which,  in  the  proper 
anatomical  sense  of  the  word,  are  hollow  vesicles,  exist  in  but  few 
of  the  compound  glands;  and  it  would  be  anything  but  reasonable  to 
say  that  the  secretion  was  formed  solely  at  the  closed  extremities  of 
the  branched  diicts  and  tubular  canals  of  other  glands,  such  as  the 
liver  and  kidneys.  Some  compound  glands,  moreover,  present  in 
the  course  of  the  excretory  duct  the  same  elementary  parts  as  at  the 
extremities  of  its  branches,  whether  they  be  cells,  as  in  the  salivary 
and  lachrymal  glands  of  birds  and  the  Meibomian  glands  of  the 
human  subject,  or  caeca,  as  in  the  liver  of  Crustacea  and  the  lachrymal 
gland  of  the  chelonia.  When  glands  consist  of  aggregated  caeca,  the 
Umil  between  the  elementary  parts  of  the  gland  and  the  efferent  duct 
cannot  indeed  be  at  all  indicated.  It  is  therefore  extremely  probable, 
or  rather  certain,  that  the  process  of  secretion  goes  on  throughout  the 
whole  extent  of  the  glandular  canals,  consequently  from  one  con- 
tinuous surface.  * 

Mode  qf  exhalation.'^The  older  physiologists  were  led  to  imagine 
the  existence  of  exhalent  vessels  through  their  ignorance  of  that  pro- 
perty of  animal  tissues  by  virtue  of  which  all  matters  in  solution  are 
imbibed  and  transmitted  from  one  part  to  another,  through  invisible 
pores.  But  it  is  now  known  that  the  exhalent  vessels  do  not  exist, 
and  that,  in  a  secreting  surface,  the  blood-vessels  simply  form  a  very 
dose  network.  The  depth  at  which  this  network  lies,  in  a  membrane 
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BOtiyBiiftdwiih «pfcktiuli» hit^brtn  •Irertyiiwi^u «i tor mmM^ 
inglf  aUgbt ;  Iba  AiU  jMm  of  th«  Mood  «iie^ 
wfll,  therefore^  rwdilf  paraieato  tha  {WTCidet  «f  fbe  tpeetal  liM»llf 
the  tMntiiif  nmiibfVMi  mi4  aMqr  tMipv  o»  Hi  fle#  tatte^  flAnr 
Jianiig  wkMfOD«  aHdNOuttil  «huge  by  it»  iofliMiot.  Wa  4^  not 
liM6by  asiriftia  the  power  by  nMdi  the  Mcreiimi  it  thvewt  loff  ItaPti 
the  ieaetiBg  euiftbe;  buCaMtely  the  po«iMKty  of  the  iuld  HasUaUg 
ita  way  through  the  coats  of  the  veasals  and  the  membrane.  M MIf 
•eeretlonaem  attended  with  a  proftiee  exfidalioii  of  fluid,  whieh||^like 
maqy  other  pheoomena,  cannot  for  a  moment  be  attribnied  to  iIvb 
Ibroe  of  the  iiean't  aaioiiy  and  the  impulse  •  thus  ccwnnMrfdatod^ib 
tlM  blood: -such  amechankml  ezphmation  is  by  nomeanssaMhitorf ; 
for  beeidee  the  absenee  of  the  heart's  aotion  to  aoooant  fct  escrsiion 
in  planti,  the  oaoes  in  which  secretion  is  inoreassd  by  kNstl  itritlMMl, 
the  lieart  remainiiig  unaOected)  ate  quite  inexplicable  by  stidh  meaiH, 
Asfother  difficulty  to  be  solved  is  the  tease  of  the  escape  of  the  01- 
'tssisd  flnid  solely  on  the  free  sorfaoe  of  the  menibrane:«-^Wby  does 
not  the  mucus,  for  osample,  collect  as  readily  between  the  ooai^^^f 
Hie  intestine  as  exude  frooi  the  inner  surfltoe?  Why  does  not  Ihe 
bile  permeate  the  walls  of  the  biliary  ducts,  and  escape  on  the  tturfliflb 
of  the  liver  as  readity  as  it  forces  its  way  eatwards  in  the  ooUiM  of 
lbs  ducts?  Wliy  does  die  semen  collect  on  the  inner  snrfeoe  'only  Hf 
the  tubuli  semimferi,  and  not  in  their  exterior— in  their  intemitess? 
The  olimidation  of  the  secseted  flnid  on  one  side  only  of  the  sseiMing 
membrane,  namely,  on  the  interiorof  the  canals,  is  one  of  the  gieoMit 
enigmas  in  physiotogy;  it  may  perliaps  be  explained  by  eittMvof  iMb 
following  bypotlieses:*-- 

=  '  t;  It  may  be  itnaginoi  Aat  lbs  capillaries  of  the  glaiid  are  pift- 
irideA  with  exhalent  pores  so  constructed  as  to  sAlow  fluide  lo  piii 
through  m  one.  direction  only,  namely,  towards  the  oa^rify  of -flie 
glandular  canals.  Bat  here  the  difficnlty  occurs,  that  this  hypothesis 
presupposes  the  existence  of  what  cannot  be  demonstrated,  and  tlidt 
we  must  again  suppose  that  there  are  other  pores  in  the  coats  of  die 
capillaries  for  the  passage  of  the  fluids  destined  for  the  nutrition  df 
tlie  secreting  canals. 

2.  The  more  probable  supposition  is,  that  by  virtue  of  imbibition, 
or  the  general  inorganic  pcnrosity,  the  fluid  portion  of  the  blood  lie- 
oomes  diffused  through  the  tissue  of  the  secreting  organ;  that  tiko 
oxtemal  surface  of  the  glandular  canals  exerts  a  chemical  attraction 
on  the  elements  of  the  fluid,  infusing  into  them  at  the  same  tissii'a 
Sendency  to  unite  into  new  combinations,  and  ttien  rspeh  them,  in  a 
nsanner  which  is  certainly  quite  inexplicable,  towapds  the  inner  *eor- 
flUse  of  the  secreting  membrane  or  glandular  canals.*  That  the  pfO- 
ossB  which  we  are  endeavouring  to  explain,  does  not  oonsist  nmrely 
in  exudation,  but  is  dependeift  on  an  action  of  the  secreting  medf- 
branes,  is  evideni  from  the  quantity  of  the  fluid  poured  out  byii 

*  Conpaie  the  ebMrmtioot  i»f  m^teigrt  flo  lUs  sobJsct:-«>^ Non  pec. pons 
inorganicos  •eeretioaam  theoria  Tatoriimque  ljaq>h«ticorttm  hUtorU  it^nnD?  vid- 
gate et psite  altari •oota, laqni tatortiai  mmiflwam vindioatio et Mcretionbm pier 
ycffos  fttotfytntess  isfctafle  eswilmtsr**'  ■  Aiist*  r.  l«Qpi«    RoniM,  17M*  ' 
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Stimulated  salivary  gland,  and  from  the  suddennefls  and  abandance 
of  the  secretion  of  tears  excited  sometimes  by  momentary  impres- 
sions. 

Although  quite  unsupported  by  iacts,  this  theory  of  attraction  and 
repulsion  is  not  without  its  analogy  in  ph3rsical  phenomena;  and  it 
would  appear  that  very  similar  powers  effect  the  elimination  of  the 
fluid  in  secretion,  and  cause  it  to  be  taken  up  into  the  lymphatics  in 
absorption.  It  is  an  extraordinary  circumstance  that  frequently,  in 
diffisrent  component  tissues  of  the  same  membrane,  both  processea 
are  going  on  within  a  very  small  space;  that  in  the  mucous  mem- 
branes, for  example,  the  mucous  follicles,  which  secrete,  are  closely 
surrounded  by  the  lymphatics,  which  attract  and  absorb. 

Dr.  Wollaston  supposed  that  secretion  was  attended  with  electri- 
cal action.  He  relates  the  following  experiment: — A  glass  tube  two 
inches  in  length,  and  i  of  an  inch  wide,  was  closed  at  one  end  with 
bladder,  and  partly  filled  with  water  containing  ^  of  common  salt. 
The  bladder  was  moistened  on  the  exterior  and  placed  on  a  plate  of 
silver;  a  zinc  wire  being  now  connected  by  the  one  end  with  the 
ptate  of  silver,  and  by  the  other  brought  in  contact  with  the  water, 
pure  soda  appeared  on  the  outer  surface  of  the  bladder.  Eberle, 
(Physiologie  der  Verdauung^  p.  137,)  however,  found  a  stronger 
galvanic  influence  necessary  to  produce  this  effect. 

The  eaust  qf  the  peculiarity ^  and  difference  o/eecreiiane  can  be 
found  in  no  external  mechanical  conditions.  They  have  been  attri- 
buted to  difference  in  the  rapidity  of  the  blood's  motion  in  the  dif- 
ferent organs;  but  it  should  first  be  proved  that  the  rapidity  of  the 
blood's  motion  does  differ  in  this  way.  They  have  been  ascribed, 
again,  to  different  states  of  the  blood-vessels,  and  to  the  particular 
angles  at  which  they  divide;  but  it  may  be  seen  in  LieberkQhn's 
preparations  that  the  blood-vessels  in  the  kidneys  divide  nearly  in  the 
same  way  as  in  the  testes,  and  in  the  salivary  glands  not  far  other- 
wise than  in  the  liver;  and  in  all  parts  reticulated  capillaries  are  seen 
forming  anastomoses  between  the  arteries  and  veins.  Others,  again, 
have  endeavoured  to  account  for  the  differences  of  secretions  by 
differences  in  the  free  ends  of  the  arteries,  but  we  have  shown  that 
arlkries  have  no  free  extremities  with  open  months.  Others  attribute 
a  great  influence  to  the  different  diameters  of  the  canals  which  re- 
ceive the  secretions,  and  yet  the  most  various  and  peculiar  fluids  are 
secreted  on  simple  membranes.  All  these  circumstances,  on  which 
Haller  has  laid  far  too  much  stress,  even  if  they  existed,  would  not 
be  sufficient  to  explain  the  difficulty.  Besides,  how  easily  may  all 
such  mechanical  explanations  be  dismissed  by  this  simple  question:-— 
What  gives  rise  to  the  formation  of  brain  on  the  one  haiu],  of  muscle 
on  the  other,  and,  again,  in  another  case  of  bone?  Does  the  brain 
also  depend  for  its  formation  on  a  peculiar  angle  of  division  of  the 
blood-vessels? 

The  peculiarity  of  secretions  does  not  depend  on  the  internal  con- 
formation of  the  glands;  for,  as  I  have  sufficiently  demonstrated, 
each  secretion  is  in  different  animals  the  product  of  the  most  various 
glandular  structures,  and  very  different  fluids  are  secreted  by  glands 


of  fmnHar  oiguiMiioB^    The  mtimtrfihe  laereticNi  depends  them* 
fore  iolelj  on  the:  peealiaff  Tital  propeitiee  of  tfae  orgaoie  ewbeteant 
which  forms  the  secrating  eaDal%  end  which  may  remain  the  w^mm 
heweTer  didBMPeni  tbaoonfoimalion  of  the  eeereting  oavtciee  vmw  .ko| 
while  it  najTvVary  extremely  although  the  form  of  the  canals  or  dsNilp^ 
remains  nnchenged.    The/rariety  of  secretions  ts4tte  to  the  eSMO 
oausp  ae  the  yafiety  of  the  formation  and  vital  propertiee  of  oman . 
generally^  the  only  diffiuenoa -being  that,  in  nutrition,  ttie  part  otllm 
Wood  which  has  undergone  tbe-  peeuliar  change  is  incorpoiated  #ilhi . 
the  organ  itseli^  while  in  eecretion  it  is  eliminated  from  it. 

Seyerat  chemists,  and  espeeiaily  Chevr^ul,  have  recently  laboveA 
to  prove  that  all  eeerislions  are  formed  independentlyof.any  chaMO- 
emcted  by  the  oig^  in.  the  oomponents  ot  the  blood;  that  all  tSe 
materials  of  thedifferwt  eecietions  pre-exist  in  the  blood  itself  and 
that  the  principal  action  of  the  secreting  oi^n  is  merely  to  ansaeft . 
these-matters  fiom.tlM  blood  and  to  transfer  them  to  the  teid 
sseseted.  As  dicumstamoes  fovouring  this  view  venr  stronglf^ 
Omelin  mentions,  that  the  salts  of  the  blood  and  those  or  the 
ttone  are  nearly  idmtical;  that^  both  in  the  blood  and  in  the. 
tiens,  osmaaome,  and  a  substance  reeembling  salivary  matter,  oioeai^ 
and  4hat  many  of  the  substances  which  were  formerly  believed  til^* 
exist  only  in  the  secwtions,  namely,  casein,  cholesterine»  stearioi^ 
efaun,  and  jslaic  acid,  have  been  discovered  in  the  blood.  Thaex-: 
istence  of  cholesterine  in  the  blood  has  been  recendy  eonfirmei- 
anew  by  Bondet  (Essai  criiifue  ei  ^xptrimenial  9ur  h  Smug* 
Peris,  1 833.)(a)  Nevertheless  the  theory  appears  to  me  to  be  founded 
on  a  very  emmeous  view;  for,  in  the  first  place,  neither  tKmvmue«%' 
biliary  matter,  picromel,  semen,  true  casein,  true  salivary  manav^ 
nor  the  poisonous  matters  secreted  by  animals,  are  contained  in  the 
blood;  and  eecondly,  components  of  the  secretions  may  accidentaliy 
reenter  the  blood  by  imbibition,  so  that  their  presence  in  it  is  no 
proof  of  their  being  part  of  its  natural  constituents;  and,  in  fine,  the 
existence  of  all  the  secreted  matters  in  the  blood  would  not  do  away 
with  the  difficulty,  for  it  would  remain  to  explain  how  they  were 
formed  in  it, — for  instance,  in  the  blood  of  herbivorous  animals.  It 
is,  indeed,  quite  certain  that  the  ^true  secretions,''  as  distinguisUbd 
from  the  ^'excrotions,''  are,  like  the  solid  parts  of  the  body,  formed 
from  the  moro  simple  constituents  of  the  blood  by  the  oigans  which 
secrete  them. 

The  ehemieal  proeesa  qf  secretion  is  not  at  all  underBtood,  This 
simple  problem  to  be  solved  is,  how  the  secreting  membranes  can^ 
at  the  same  time,  and  from  the  same  blood,  nourish  themselvee,«— 
that  is,  attract  analogous  particles  and  add  them  to  their  own  snb« 
stsAce,-i--and  also  secrete  or  eliminate  non-analogous  particles;  for 
the  scented  fluid  is  in  its  diemical  properties  wholly  different  froas 
the  secreting  organ.  The  glandular  substance,  generally,  oonsisCp 
merely  of  nocoagulated  albumen^  which,  when  reduced  to  a  state  of 
minute  division,  is  readily  soluble  in  water.    The  elemenUury  parts 


(a)  8se  oa  this  ssl^set  Ltob^s  Mmml  m  OrfseJe  ClMOditiy. 
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of  a  secreting  organ  are,  as  far  as  I  have  observed,  of  a  grey,  greyish- 
wbite,  or  yellowish-white  colour;  thus,  even  in  the  liver  of  the  em* 
bryo,  the  biliary  canals  seen  on  the  surface  of  the  organ  are  of  a 
yeilow-white  colour,  and  it  is  only  owing  to  the  reticulated  capillaries 
that  the  liver  has  a  brown  aspect;  yet  the  bile  is  green.  In  oviparous 
animals  the  urine  is  white,  but  the  substance  of  the  kidneys  has  a 
totally  different  appearance,  as  may  be  observed  in  very  young  birds 
just  escaped  from  the  shell,  where  the  minute  urinary  canals  are 
visible  on  the  surface  of  the  kidneys,  filled  with  the  white  urine,  as 
if  injected.  Berzelius  did  not  detect  in  the  substance  of  the  kidney, 
the  peculiar  chemical  constituents  of  the  urine.  {Berzeliua^  Chimie 
^nimakj  translated  by  Jonrdan,  p.  333.)  The  substance  of  the 
liver  is,  it  is  true,  found  to  contain  fatty  matters  which  are  com- 
ponents likewise  of  the  bile,  and  in  disease  it  is  prone  to  become 
converted  into  fat^  but  the  essential  constituents  of  the  bile  have  not 
been  detected  in  it.  Braconnot's  analysis  of  the  liver  shows  that 
its  composition  is  very  different  from  that  of  the  bile;  and  Kuehn 
(Kastner's  Archiv,  xiii.  p.  337,)  has  obtained  from  the  liver  a 
&tty  matter  which  differs  by  very  marked  characters  from  choles- 
terine.  Besides,  it  must  be  remembered  that  it  is  almost  impossible 
to  obtain  any  of  the  substance  of  the  organ  entirely  free  from  bile. 
But  restricting  ourselves  to  the  << secreting  membranes/'  we  find  that 
the  skin,  for  example,  contains  no  homy  matter,  and  yet  it  secretes 
that  substance;  and  the  tissue  of  the  choroid,  when  washed,  seems 
itself  to  contain  no  pigmentuvn  nigrum. 

It  is  therefore  certain  that  the  matter  secreted  differs  in  its  chemical 
properties  from  the  organ  which  forms  it,  and  that  secretion  cannot 
be  a  mere  liquefaction  of  the  substance  of  the  organ;  that,  on  the 
contrary,  the  substance  of  the  secreting  surface,  while  it  attracts  to 
itself  analogous  matters  from  the  bk)od  for  the  purpose  of  nutrition^ 
at  the  same  time  separates  from  it  something  that  is  non-analogous. 

In  the  nutrition  of  organs  which  afford  no  secretion,  those  com- 
ponents of  the  blood  which  are  analogous  to  the  tissue  are  attracted 
by  it,  while  the  non-analogous  components  re-enter  the  circulation; 
but  in  the  process  of  secretion  non-analogous  matters  are  thrown  off 
and  carried  out  of  the  body. 

It  might  then  be  imagined,  that  each  molecule  of  blood  which 
comes  under  the  decomposing  influence  of  a  secreting  organ,  is  com- 
pletely decomposed  and  disposed  of  by  it;  so  that  those  of  its  elements 
which  go  to  the  nutrition  of  the  organ,  and  those  which  form  the 
secretion,  would,  reunited,  produce  blood.  If  the  molecule  of  blood 
is  ezprened  bynhe  sign  a,  and  a  molecule  of  the  component  matter 
of  the  secreting  organ  by  x,  the  secretion  would,  according  to  the 
above  supposition,  be  a^x.  We  have  no  data  to  determine  whether 
this  hypothesis  is  correct  or  not;  therefore,  I  will  not  adopt  it,  but 
mention  it  merely  as  an  idea  worthy  of  consideration  in  further  re- 
searches. It  is  a  simple  and  therefore  attractive  hypothesis,  but  is 
at  once  seen  to  be  untenable  in  the  case  of  those  secretions  in  which 
the  matters  separated  from  the  blood  have— as  urea^for  example,— « 
been  formed  in  other  parts  of  the  body. 
38 
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That  the  secretion  undei^foes  a  further  change, — that  its  formalion 
is  perfected, — in  its  passage  through  the  narrow  and  often  very  long 
canals  of  the  glands,  may  be  conceived  to  be  possible,  but  is  not 
susceptible  of  proof.  There  has  alwa3r8  been  a  disposition  to  admit 
this  supposition  in  the  case  of  the  testis;  but  since  the  tubuli  of  the 
kidney  are  as  long  as  those  of  the  testis,  while  the  urine  is  a  mere 
excretion  and  does  not  require  any  further  elaboration,  it  is  evident 
that  the  length  of  the  tubes  has  a  more  important  relation  to  the 
extent  of  the  secreting  surface  than  to  the  production  of  any  further 
change  in  the  fluid  already  secreted. 

The  chemical  compoaiiion  of  the  individual  secretions  offers  at 
present  little  interest  in  relation  to  the  general  physiology  of  se* 
cretion,  and  is  important  only  in  connection  with  the  several  fonc- 
tions  in  which  they  are  implicated;  the  <<8ecreta"  therefore  are 
treated  of  in  the  sections  devoted  to  those  functions.  Those  which 
are  met  with  more  generally  throughout  the  body, — fat,  mucus,  and 
synovia, — have  been  described  with  the  secreting-membranes;  the 
bile,  saliva,  the  gastric  and  pancreatic  secretions,  have  also  come 
under  consideration  in  the  section  on  digestion;  the  urine  and  per- 
spiration will  follow  under  the  head  of  the  excretions;  semen,  milk, 
&c.  with  the  subject  of  generation. 

The  microscopic  globules  found  in  some  secretions^  as  the  semen 
and  milk,  for  instance,  are  important.  I  have  observed  in  the  bile 
of  the  frog  very  scanty  granules,  unequal  in  form  and  size,  the 
largest  about  five  times  smaller  than  the  red  particles  of  the  animal's 
blood;  the  green  colouring  matter  of  the  bile,  however,  is  in  solution; 
Weber  also  describes  granules  as  existing  in  the  bile.  I  have  like- 
wise found  granules  in  very  small  number  in  the  saliva;  Weber 
finds  them  to  be  larger  than  the  red  particles  of  the  blood,  and  trans- 
parent: the  greater  part,  however,  of  the  solid  matter  of  the  saliva 
is  in  solution.  Weber  could  discover  no  globules  in  the  perfectly 
transparent  portion  of  mucus;  he  saw  only  the  ordinary  flakes  of 
the  mucus.  It  appears  to  me,  that  by  far  the  largest  proportion  of 
the  components  of  the  saliva,  bile,  and  mucus,  as  well  as  of  the 
urine,  is  in  solution;  while  in  the  semen,  milk,  pigmentum  nigrum, 
and  pus,  on  the  contrary,  there  are  granules  in  such  number  that 
they  must  be  looked  upon  as  among  the  most  essential  ingredients 
of  these  fluids.  The  granules  of  the  pigmentum  nigrum  are,  ac- 
cording to  Weber,  of  unequal  size,  but  in  the  mean  about  y^  of  an 
English  inch;  they  are  therefore  about  half  as  large  as  the  red  par- 
ticles of  the  blood.  The  globules  of  the  milk  are  described  by 
Weber  as  being  very  transparent,  and  round,  but  irregular  in  size; 
in  the  mean  i  or  i  smaller  than  the  blood  particles.  Treviranos 
remarks,  that  they  do  not  sink  in  the  fluid,  and  that  they  refract  the 
light  strongly,  and  hence  he  infers  that  they  are  globules  of  fat. 
Weber  regards  them  as  composed  of  casein  and  fatty  matter.  The 
pus  globules  are,  according  to  Weber,  round,  and  measure  from 
ttW  ^o  TiVv  ^f  ^Q  ii^ch  in  diameter,  the  size  of  the  majority  being 
tVtt  ^f  ^^  inch',  they  are  therefore  about  twice  as  large  as  the  red 
particles  of  the  blood.  All  the  foregoing  facts  prove  that  the  globules 
of  the  secreted  fluids  are  not  red  particles  of  the  blood  which  have 
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sodergone  a  change;  the  globules  of  the  milk  are  too  small,  those 
of  the  pus  too  large;  the  latter  cannot  come  from  the  interior  of  the 
capillary  yessels,  for  their  diameter  is  greater  than  that  of  the 
umllest  of  these  vessels.  Besides,  if  red  particles  thus  altered  could 
find  their  way  out  of  the  vessels,  others  in  the  unchanged  state 
would  escape  with  them.  The  view  which  I  take  of  the  mode  of 
production  of  the  globules  of  the  milk,  pigmentum  nigrum,  and  pus, 
18,  that  they  are  either  thrown  off  from  the  substance  of  the  secreting 
sarfiu^,  or  formed  by  the  partial  coagulation  of  the  animal  matter 
dissolved  in  the  secretion  into  globules,  (in  a  way  similar  to  the 
eoaffulation  of  albumen  from  its  solution,)  which  is  probably  the 
mode  in  which  the  particles  of  the  milk  and  pigmentum  nigrum  are 
produced.  With  respect  to  the  origin  of  the  globules  of  pus, 
▲ntenrieth  {Physiol,  ii.  119,)  relates  the  following  remarkable  ob- 
servation:— If  some  of  the  watery  moisture  which  exndes  from  the 
surface  of  an  inflamed  part  after  the  pus  has  been  removed,  is  col- 
lected between  two  transparent  thin  plates  of  talc,  and  allowed  to 
lie  in  the  wound,  globules  are  seen  to  form  gradually  in  it,  to  enlarge 
and  become  opaque;  while,  if  the  fluid  is  removed  altogether  from 
the  atmosphere  of  the  living  textures,  no  such  change  takes  place  in 
it.  firugmans*  also  states,  that  if  a  suppurating  surface  has  been 
washed  clean,  the  pus  is  seen  to  be  secreted  as  a  clear  fluid,  which 
afterwards  becomes  thick  and  opaque.!  See  also  the  observations 
of  Vogel  relative  to  the  formation  of  the  pus  globules. 

2.  Of  the  influence  of  the  nerves  on  secretion* 

There  is  at  present  little  known  concerning  the  influence  of  the 
nerves  on  the  process  of  secretion.  The  experiment  instituted  by 
the  Baron  A.  Von  Humboldt  on  his  own  person,  is  well  known. 
Having  applied  two  blisters  to  the  region  of  the  shoulders,  he 
covered  one  of  the  blistered  surfaces  with  a  silver  plate,  and  closed 
the  circle  by  means  of  a  conductor  of  zinc,  when  a  painful  burning 
was  produced,  and  a  change  in  the  character  of  the  discharge;  from 
being  bland  and  colourless,  it  became  a  red  acrid  fluid,  which  left 
livid  red  streaks  on  the  parts  of  the  back  where  it  ran.  ( Ueber  die 
gtreizte  Muskel  und  Nervenfaserj  i.  324.)     M.  Most  ( Ueber  die 

C98sen  Heilkritfte  des  GalvanismuSj  1823)  likewise  states,  that, 
viflg  caused  a  galvanic  current  to  pass  through  the  parotid,  by 
applying  the  positive  pole  to  the  situation  of  the  gland  for  the 
^ce  of  ten  minutes  while  he  held  the  negative  pole  in  his  hand, 
an  increased  secretion  of  saliva,  which  was  neither  acid  nor  alkaline, 
took  place. 

The  influence  of  the  nerves  on  secretion  has  as  yet  been  made  the 
subject  of  few  direct  experiments;  but  it  is  certain  that,  after  division 
of  the  nervus  vagus,  the  secretion  of  gastric  juice  generally  ceases,  j: 

*  Din.  de  Pyogenia,  114. — Schroeder  van  der  Kolk,  Observ.  Anat.  Pathol.  31. 

I*  On  the  tabject  of  this  aection,  consalt  Wodemeyer,  fiber  den  Kreialaaf  des 
Blatet;  Doellinger,  Waa  ist  Abaondeningri    Wnrabarp,  1819. 

X  Tiedeniann  ond  Qmeiin,  die  Verdaanng,  i.  340*  The  French  translation  by 
ionrdaii,  pu  i.  p.  872. 
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Tbat  this  is  not  sLwap  the  oase,  Jiowarar,  is  proT^  bodi  hf  the 

Kriments  performed  on  seese  by  myself,  io  conjimctioiT  with  Dr. 
eckhof,  and  by  those  of  Dr.  Beid  on  dogs.  (See  the  remaricstm 
Ihe  inflaenoe  of  the  nerves  on  digestion  in  a  preceding  Secdoo^ 
Biodie  (PkiL  TVom.  1814,  p.  104,)  has  stiown^  by  a  series  of  exnen- 
ments,  ttiat,  when  the  nervus  vapiis  and  nervassympath4ticus*  nave 
been  diirided,  arsenic  does  not  give  rise  to  the  copioasseeretion  in  Ifae 
Stomach  and  intestines  which  usually  foHows  its  exhibition*  Dr.  ReM 
(Sdin.  Med.  and  Surg.  Journal,  vol.  51,  p.  SSS,)  has  rqiealed  tbses 
eacperiments  of  Sir  B.  &odie«but  with  a  difierent  result  The  watsiy 
sscretion  and  mucus  were  formed  in  ihe  stomach  and  intestinee  iii  as 
great,  or  nearly  as  great,  abundance  in  dogs  of  which'4he  newi  MgL 
bad  been  divided,  as  in  other  dogs  in  which  the  operation  had  lioi  ~ 
performed.  The  sscretion  of  tkm  pulmonary  mucous  membrane 
IS  altered  by  division  of  tlie  vagus;  hence  the  frothy  blood  exudatkm 
which  is  found  in  the  lungs  after  4hat  operation.  Dr.  Reid,  however, 
has  rendered  it  probable  that  the  effusions  into  the  bronchi  are  not-a 
direct  effect  of  the  section  of  the  nervi  vagi,  (see  page  387).  .  . 
Krimer  has  instituted  some  experiments  relative  to  the  mflufoes 
of  the  nervous  system  on  the  secretion  of  urine,  an  influence  whiefa 
is  proved  to  exist  by  the  circumstance  that  nervous  affections  are 
usually  attended,  with  secretion  of  limpid  urine  containing  an  umiap 
tnrally  small  proportion  of  its  proper  ingredients.  Krimert  staiss, 
that  on  examining  the  state  of  the  urinary  secretion  after  having 
divided  the  nerves  of  the  kidneys,  he  has  found  it  contain  albumen 
and  red  colouring  matter  of  the  blood,  their  proportion  increasing  in 
the  same  degree  as  that  of  the  proper  constituents  of  the  urine  de- 
creased. Division  of  the  vagus  did  not  put  a  stop  to-  the  secretion 
of  urine;  but  rhubarb  and  prussiate  of  potash  taken  by  the  moolh 
ceased  to  pass  off  by  the  urine,  which  at  the  same  time  acquired 
greater  specific  gravity  from  containing  serum  of  the  blood:  when 
Uie  divided  nerves,  however,  were  connected  with  the  galvanic  pile, 
the  urine  reacquired  its  normal  character,  and  was  found  to  contain 
the  above-mentioned  substances.  After  division  of  the  spinal  cord 
in  the  dorsal  or  lumbar  region,  the  urine  became  limpid  tike  wate^ 
while  division  of  the  sympathetic  nerve  in  the  neck  caused  it  to 
become  alkaline  and  albuminous;  its  normal  properties  being,  how* 
ever,  restored  on  the  application  of  galvanism.  Brachet):  has  made 
similar  observations  on  the  effects  of  interrupting  the  transmission 
of  nervous  influence  to  the  kidney.  He  divided  the  renal  artery  of 
a  dog,  and  then  connected  its  two  portions  by  means  of  a  canula, 
so  that  the  renal  nerves  were  divided,  but  the  supply  of  blood  main- 
tained. The  fluid,  which  flowed  from  the  ureter  during  several 
hours  succeeding  the  operation,  was  red,  and  separated  into  a  fibrous 

» 

*  This  18  an  erroneons  statement.  Sir  B.  Brodie^s  experiroenis  had  referenee 
to  the  effects  of  diTition  of  the  TSffua  only,  and  not  of  the  sympathetic  nerfse. 

t  Physiol.  Untersochangen.  His  experiments  are  given  in  Land's  Physlolog. 
ResuhaL  der  ViTiseet.  neneier  Zelt.    Kopenhagen,  18l^«  p*  804. 

%  Reoherches  Ezperiment.  sur.les  fonctions  da,  SysU  Nerr.  Gaoglioo.  Paris, 
1830,  p.  369. 
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eoagolum  and  serum*  Repetition  of  the  experiment  was  attended 
with  the  same  result  Division  of  the  nervi  vagi  had  no  effect  on 
the  secretion  of  urine. 

I  have  recently,  in  conjunction  with  Dr.  Peipers,  instituted  a  series 
of  experiments  on  dogs  and  sheep,  to  determine  the  influence  of  the 
nerves  in  secretion.  We  applied  a  ligature  to  the  renal  vessels  (the 
ureter  being  excluded),  and  tied  it  so  tightly  that  the  texture  of  the 
renal  nerves  included  in  it  should  at  that  point  be  destroyed.  We 
then  loosened  the  ligature  again,  so  that  the  circulation  of  the  blood 
through  the  kidney  was  re-established.  The  ureter  was  brought  to 
the  exterior  of  the  body  and  a  tube  connected  with  it  In  most 
cases  the  secretion  of  urine  was  completely  arrested,  even  when  the 
'same  operation  was  performed  on  the  second  kidney  (in  a  sheep), 
and  the  ligature  retained  on  that  side  to  render  the  secretion  of  urine 
there  quite  impossible.  Once  only,  namely,  in  a  sheep,  the  secretion 
continued  in  the  injured  kidney;  but  the  fluid  was  bloody,  and  M. 
Wittstock  found  that  it  contained  hippuric  acid.  The  softened  state 
of  the  substance  of  the  kidney  af\er  the  performance  of  these  expe- 
riments, which  were  often  repeated,  was  very  remarkable.  (Ptipera^ 
de  Nervorum  in  Secretion,  J^ctione^  Berol.  1834). 

The  influence  of  the  nerves  on  the  glands  may  be  of  a  different 
nature  in  each  gland,  or,  which  is  more  probable,  it  may  be  the  same 
in  ail,  merely  enabling  the  secreting  substance,  in  each  gland  endowed 
with  peculiar  properties,  to  exert  its  chemical  action.  Daily  experi- 
ence affords  us  many  proofs  of  the  influence  of  the  nerves  on  secre- 
tion. We  know  that,  during  the  depression  of  the  nervous  system 
mthe  cold  stage  of  fever,  not  only  the  quantity  of  all  the  secretions, 
bnt  also  the  proportion  of  their  natural  ingredients  is  diminished; 
and  that,  with  the  accession  of  the  hot  stage,  the  secretions  are  re- 
stored. We  also  know  that  dryness  of  the  mucous  membranes  and 
of  the  skin  are  often  signs  of  depressed  nervous  influence  in  acute 
diseases.  How  frequently,  too,  do  we  observe  the  influence  of  pas- 
sions of  the  mind  on  secretion,  for  example,  on  the  secretion  of  the 
tears,  of  the  bile,  and  the  milk,  and  even  on  the  secretion  and  other 
conditions  of  wounds.  It  has  indeed  been  stated  that  the  presence 
of  the  foal  has  an  effect  on  the  secretion  of  milk  in  the  mare.  1  will 
not  lay  stress  on  the  accounts  of  the  poisonous  action  of  the  saliva 
of  enraged  animals;  for  the  phenomena  observed  in  such  cases  to  fol- 
lowthe  bite  are  generally,perhaps,merely  those  dependent  on  the  form 
of  the  wound:  but  it  is  a  well-known  and  undoubted  fact,  that  not 
merely  the  presence  of  food  in  the  mouth  causes  an  increased  flow 
of  iaiiva,  but  that  even  the  sight  of  savoury  food  excites  the  salivary 
secretion.  If  it  were  possible  wholly  to  cut  off  the  nervous  influence 
of  a  secreting  organ,  we  should  find  perhaps,  as  after  division  of  the 
nervus  vagus  in  reference  to  the  gastric  juice,  that  the  function  of 
the  special  secretions  is  wholly  arrested  by  the  interruption  of  ner- 
vous energy.  I  am  far  from  believing  that  the  power  of  chemical 
ietion,  which  the  glandular  substance  owes  to  its  vital  condition,  has 
not  as  equally  important  a  share  as  the  nervous  influence  in  the 
process  of  secretion;  but  it  is  probable  that  the  influence,  of  the 
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nervw  is  neoeasary  for  the  support  of  this  .diemical -action,  wliieh  in 
Mch  gland  is  different. 

On  a  first  view,  the  cerebro-spioal,  as  well  as  the  sjrmpathatle 
nerves,  appear  to  have  the  function  of  regolating  secretion.  The 
distribution  of  the  lingual  nerve  in  the  submaxillary  and  sulilingual 
gtamdiyOf  the  glosso-pnaryiigeal  nerve  in  the  tonsils,  and  of  a  braoeli 
of  a  tibial  nerve  in  the  capsule  of  the  knee-joints,  are  well-known 
anatomical  facts.  It  is  remarkable,  that  the  female  mammary  ghuid 
receives  its  nerves,  not  directly  from  the  sympathetic,  but,  as  it  ap* 
peais  tome,  only  from  the  third  and  fourth  intercostal  nerves.  It  is 
extremely  probable,  however,  that  the  cerebrospinal  nerves  aUs 
accompanied  by  fibres  of  the  sympathetiq  indeed,  Retzius  has^  shown 
this  to  be  the  case  with  the  second  branch.of  the  fifih  nerve  in  brutasi 
and  in  them  it  is  evident  also  in  the  case  of  the  nervus  buocinatorioe, 
on  the  sur&ee  of  which  may  be  traced  many  grey  nerves,  derived 
ftom  the  otic  ganglion.  In  hemiplegia  from  disease  of  the  brain  or 
spinal  marrow,  the  secretion  of  the  surface  on  the  affected  side,  in 
somocases,  is  altered,  in  others  remains  unchanged. 

3.  Of  the  changes  qf  which  secrctiana  are  susaptible. 

The  process  of  secretion  may  be  disturbed  from  local,  as  well  as 
from  general  causes. 

The  state  of  the  secreting  organ  affects  not  merely  the  quantity, 
but  even  the  quality  of  the  secretion:  the  urine  is  watery,  and  con- 
tains less  of  its  proximate  components,  after  nervous  attacks:  the 
mucus  secreted  in  the  different .  stages  of  a  catarrh  is  very  different, 
— at  first  it  is  watery  and  salt,  afterwards  more  consistent;  but  the 
inflammation  at  length  generally  arrests  entirely  the  special  secretion 
of  every  secreting  organ,  as  it  does  the  function  of  other  organs^ 
Stimulants  or  irritation  aifect  secreting  organs  in  a  pecuUar  manner; 
at  first  the  secretion  is  increased  in  quantity,  but,  in  proportion  as  the 
irritation  passes  into  inflammation,  the  state  of  increased  action  dimi« 
nishes.  When  secreting  organs  become  relaxed,  and  their  texture 
loose,  the  secretion  is  generally  increased  in  quantity,  but  diminished 
in  consistence, — it  becomes  more  watery;  when  they  are  relaxed, 
and  at  the  same  time  their  texture  thickened,  the  secretion  is  lessened 
in  quantity.  This  observation  applies  to  all  secreting  organs,  the 
mucus  membranes  of  the  nostrils,  the  conjunctiva,  and  the  skin. 
Morbid  secretions  are  subject  to  the  same  law:  an  ulcer  when  stimu- 
lated, affords  a  copious  secretion  of  pus;  if  it  becomes  highly  in- 
flamed, the  secretion  is  stopped;  if  the  ulcer  is  relaxed, — its  walls 
loose  and  flabby, — it  secretes  a  copious  watery  fluid;  while  if,  at  the 
same  time  that  its  action  is  feeble,  its  tissue  is  thickened  by  the  de- 
position of  the  products  of  inflammation,  the  secretion  formed  by  it 
is  very  scanty. 

Interruption  of  nervous  influence  causes  diminution  of  the  quantity 
of  the  natural  secretion  of  a  secreting  organ;  thus,  in  hysterical  pa- 
roxysms the  urine  is  almost  colourless;  in  fevers,  with  depressed  state 
of  the  nervous  energy,  and  in  the  cold  stage  of  all  fevers,  the,  skin  is 
dry.    But  it  is  extraordinary,  that  a  much  more  complete  arrest  of 
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the  nervous  energy^-^such  as  occurs  in  syncope,  and  under  the  in- 
fluence of  terror, — may  cause  an  unusually  copious  secretion  on  the 
skin,  producing  cold  sweat,  or  in  the  intestines,  giving  rise  to  diar- 
rhoea. We  are  acquainted  with  the^  changes  produced  in  the  compo- 
sition of  secretions,  in  consequence  of  affections  of  the  nervous 
system,  rather  by  their  injurious  effects,^for  instance,  by  the  effects 
o£miik  and  bile  secreted  after  the  mind  has  been  the  subject  of  violent 
emotions, — than  by  any  chemical  examination  to  which  they  have 
been  submitted. 

Since  all  secretions,  inasmuch  as  they  extract  certain  ingredients 
from  the  blood,  produce  n  change  in  its  composition,  no  one  secretion 
can  be  altered  in  quantity  or  quality  without  disturbing  the  balance 
which  exists  between  all  in  their  action  on  the  blood;  hence,  the  in- 
crease of  one  secretion  gives  rise  to  the  diminution  of  another.  On 
the  principle  of  this  relation  between  the  different  secretions,  or  their 
'^antagonism,"  as  it  is  called,  depends  the  practice  of  exciting  artificial 
discharges  to  put  a  stop  to  morbid  secretions.  The  antagonism  of  the 
secretions  is  observed  to  be  subject  to  the  following  laws: 

1.  The  increase  of  a  secretion  in  a  tissue,  a,  which  is  less  irritable 
than  the  organ,  b,  is  incapable  of  producing  a  diminution  in  the  secre- 
tion of  the  latter;  hence,  for  example,  secretions  from  the  skin,  arti- 
ficially excited,  as  by  a  blister,  in  the  neighbourhood  of  the  eye,  are 
of  no  service,  in  inflammations  of  the  latter  organ,  because  the  eye 
is  a  more  irritable  part  than  the  skin.(a) 

Hi.  An  increased  secretion  in  a  certain  tissue,  a,  cannot  be  dimi- 
nished by  exciting  the  same  secretion  in  another  part  of  the  same 
tissue,  a;  on  the  contrary,  such  a  procedure  would  rather  increase 
the  secretion  from  all  parts  of  the  tissue  than  diminish  it,  because  the 
relation  which  exists  between  the  different  parts  of  the  one  and  the 
same  tissue  is  that  of  sympathy,  not  of  antagonism.  Hence,  a  dis- 
charge from  the  generative  or  urinary  organs  cannot  be  arrested  by 
an  artificially  excited  diarrhcea. 

3.  On  the  contrary,  the  secretions  of  tissues  which  do  not  belong 
to  the  same  class  of  structures,  often  antagonise  each  other.  Thus^ 
increase  of  the  cutaneous  secretion  frequently  induces  diminution  of 
the  secretion  of  the  kidneys;  in  summer  the  cutaneous  exhalation  is 
more  abundant,  and  the  urinary  secretion  proportionally  scanty;  and 
in  winter  the  reverse  is  the  case.  Effusion  of  watery  fluids  into  the 
cellular  membrane  and  serous  cavities  is  attended  with  dryness  of 
the  skin  and  diminution  of  the  urinary  secretion,  the  quantity  of 
which  is  observed  to  increase  in  the  same  proportion  as  the  dropsical 
effusions  diminish.  Suppression  of  the  exhalation  from  the  skin  by 
cold,  gives  rise  to  mucous  discharges  from  the  intestinal  and  pulmo- 
nary mucous  membranes. 

4.  It  is  only  towards  the  termination  of  consumptive  diseases  that, 
this  relation  of  antagonism  between  the  secretions  ceases  to  exist, 
when  in  consequence  of  the  relaxed  state  of  the  tissues,  all  are  at 
length  increased  in  quantity;  in  the  colliquative  state  that  precedes 

(a)  Tke  pfemises  mnit  be  faulty  here,  for  the  practical  ioferenee  is  erroneous. 
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death  in  phthirieal  patients,  eolliqnatite  diarrltchay  praftue  tweatii^, 
and  dropekxil  effoeions  take  plaoe  eimuItaoeoQil^. 

5.  When  one  tiisae  is  ezeited  to  increased  action  by  an  impi 
made  npon  another,  either  the  secretion  6f  the  two  most  have 
in  some  respects  similar,  as  in  the  case  of  the  skin  and  kidneys,  both 
of  which  have  the  offios  of  excreting  water  from  the  blood;  or  lbs 
organ  thns  ezciled  most  have  hfd  a  predisposition  to  morbid  aetiom^ 
which  is  the  mtional  explanation  of  the  drenmstance,  that  the  Iok 
pression  of  cold  produces  in  one  person  an  aflection  of  the  macews 
membrane  of  the  longs,  in  another,  a  disordered  secMion  of  mucos 
in  the  intestinal  canal.*  .- 

Sometimes  the  suppression  of  a  secretion  in  one  part  of  the  body 
gives  rise  to  the  appearance  of  the  same  fluid  in  another  part  Thie 
happens  most  frequently  with  thoee  matters  which  exist  in  the  blood 
previously  to  the  act  or  excretion.  Effusions  of  Mood,  vicarious  of 
the  menstrual-flux,  have  certainly  occurred;  and  the  total  destractioa 
of  both  kidneys,  by  preventing  the  elimination  of  the  urea  already 
present  in  the  blooa  by  the  ordinary  channel,  must  tend  to  iodnee 
eflfusions  of  fluids  impregnated  with  urea  in  all  the  other  parts  of 
the  body.  Nystent  has  ascertained  the  existence  of  urea  in  Soldi 
formed  in  other  parts  during  the  total  suppression  of  the  renal  seers* 
tion;  and  it  is  an  undoubted  fact  that  lithate  of  soda  is  contained  in 
the  depositions  of  gout 

If,  however,  the  essential  ingredient  of  the  secretion  does  not  exist 
in  the  blood  itself,  the  suppression  of  this  secretion  in  the  omn 
destined  to  form  it,  cannot  cause  its  metastatic  appearance  in  othet 
parts;  the  instances  which  have  been  adduced  of  such  an  occurreaee 
are  ill-supported  by  proofii. 

In  the  cases  in  which  the  total  suppression  of  one  secretion  givw 
rise,  by  an  antagonistic  influence,  to  the  production  of  another,- the 
ingredients  of  which  cannot  be  derived  ready  formed  from  the  blood, 
the  new  secretion  is  always  essentially  difierent  from  that,  for  the 
suppression  of  which  it  seems  to  compensate,  and  resembles  it  only 
so  far  as  is  compatible  with  its  natural  proximate  elements.  True 
vicarious  secretion  of  milk,  for  example,  never  occurs.  Autenrieth 
has  remarked  that  such  supposed  secretions  of  milk  from  other  oigans 
do  not  contain  the  essential  components  of  milk,  namely,  the  sugar 
of  milk  and  butter.  They  contain  only  those  proximate  compo- 
nents of  the  blood  which  might  have  served  for  the  formation  of 
milk,  such,  for  example,  as  albumen.  We  have  already  shown  the 
fiiHacy  of  the  views  relative  to  the  supposed  metastatic  secretion  of 
pus.    (See  pages  S64-5.)  •   * 

The  glandular  secreting  canals  pour  out  the  product  of  their 
chemical  action  on  their  interior  surface.  (See  the  remarks  on  this  law 
at  the  beginning  of  this  Chapter.)  It  is  only  in  very  rare  cases->as 
in  the  form  of  jaundice  excited  by  affections  of  the  mind,— that  the 
newly-formed  matter  seems  to  be  again  carried  into  the  circulation. 

*  CoDtalt  Heatinger,ub6r  deo  Antagonisamt  der  Eseretionen,  in  his  Zeitschrift 
for  organ.  Physik.   Bd.  i. 
t  ReeherehM  de  Chim.  et  de  PbydoL  PathoU  Paris,  1811,  p.  seS-esa. 
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4.  Of  the  discharge  of  the  secretions. 

The  efferent  ducts  of  glands  are  lined  by  a  mucous  membrane, 
which  has  on  its  exterior  an  extremely  thin  layer  of  muscular  sub- 
stance. The  existence  of  muscular  fibres  cannot,  it  is  true,  be 
demonstrated  anatomically,*  but  physiological  observations  place  it 
beyond  dispute;  the  efferent  ducts  of  most  glands  have  the  power  of 
contraicting  when  irritated.  The  contractile  power  of  the  ductus 
choledochus  in  birds  was  known  to  Rudolphi.  By  irritating  mechani- 
cally or  by  galvanism  the  ductus  choledochus  of  a  bird  just  dead,  I 
have  frequently  produced  a  very  strong  contraction  of  it,  which  con- 
tinued some  minutes,  after  which  the  duct  resumed  its  previous  state. 
I  have  often  excited  strong  local  contractions  of  the  ureters  likewise, 
both  in  birds  and  in  rabbits,  by  the  application  of  a  powerful  gal- 
ganic  stimulus.  Tiedemannt  also  has  seen  motions  of  the  vas 
deferens  of  a  horse  ensue  on  the  application  of  a  stimulus.  It  ap- 
pears, indeed,  that  periodic  vermicular  motions  are  performed  by  the 
efferent  ducts,  at  least  by  the  ductus  choledochus  in  birds;  for  once,  * 
namely,  in  a  bird  just  killed,  I  observed  contractions  of  the  duct  to 
occur  regularly  in  pauses  of  several  minutes;  the  tube  dilating  again 
in  the  intervals.  It  was  here  remarkable,  that  the  contractions  took 
place  in  ah  ascending  direction,  namely,  from  the  intestine  towards 
the  liver;  which  seems  to  throw  some  light  on  the  mode  in  which  the 
bile  at  certain  times,  instead  of  being  expelled  into  the  intestines,  is 
retained  and  driven  into  the  diverticulum  of  the  duct,— the  gall- 
bladdcfr;  the  complete  closure  of  the  mouth  of  the  duct  contributing 
perhaps  to  this  effect. 

The  discharge  of  the  bile  from  the  gall-bladder  during  digestion 
results  probably  from  the  mere  pressure  of  the  surrounding  parts, 
and  the  action  of  the  abdominal  muscles,  while  the  mouth  of  the 
duct  is  open:  for  I  doubt  if  the  gall-bladder  is  contractile;  I  could 
produce  no  contraction  of  it  in  Mammalia  and  birds,  even  with  the 
most  powerful  stimulus  of  a  galvanic  battery;  and  in  this  respect  it 
differs  from  the  other  diverticula  of  efferent  ducts,  namely,  the  urinary 
bladder,  and  the  vesicula  seminalis,  which  it  resembles  in  all  other 
characters. 

.  Dr.  G.  H.  Meyer,  {Op.  citat.)  however,  states,  that  by  means  of 
a  galvanic  battery  of  fifty  pairs  of  plates,  he  has  caused  the  gall- 
bladder of  an  ox  to  contract  so  as  to  diminish  its  capacity  one- 
fourth. 

The  nature  of  the  internal  coat  of  the  efferent  ducts,  and  the 
contractility  of  their  middle  coat,  prove  most  clearly  that  they  are 
merely  diverticula  of  the  membranous  tubes  into  which  they  lead; 
thus,  the  ductus  choledochus  and  pancreaticus,  consisting  as  they  do 

*  This  sppeart  to  hmve  been  done,  however,  by  Dr.  G.  H.  Meyer,  (Diss,  inaoff. 
do  Matculis  in  duct.  eff.  glandul.  .  (BeroL  1837.)  He  describes  the  course  which 
the  fibres  take  in  the  different  layers  of  the  mascular  coat  of  the  ureters  of  the 
horse  and  g^ll-bladder  of  the  ox. 

f  Ueber  die  ^egre,  auf  welchen  Substanzen  aus  dem  Maffen  nnd  Darm-kanal 
ins  Bhit  gelangen,  p.  82. — Recherches  sur  l*Absorption;  tradnit  par  Heller.  Paris,  ^ 
1881.  • 


.  ^ 


of  the  saine  mmbnam  —  Iha  dtjodiniwi^  •»  pniongatioiii  of  its 


How  fitr  the  contractility  of  the  ducts  may  contribiite  to  the  fi»- 
ouentlir  MiddeD  expalsion  of  the  saliva  and  teais,  isaqnartion  wbicft 
I  iwmibn  merely  as  reqniriDg  farther  investigatioiL  I  may,  in  eojn* 
dosioDy  remark,  that  since  the  contractility  of  the  ducts  of  glands  is 
proTsd  eJtperimentally,  the  spasm  of  these  parts,  spoken  of  by 
physicians,  ceases  to  be  a  mere  hypothesis. 
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lim  is  attended  with  a  constant  decomposition  of  organic  maiten 
the  causes  of  this  we  have  already  investigated  (Prolegomena). 
We  have  seen  that  the  action  of  external  stimuli  is  necessary  fi»r 
the  continued  manifestation  of  life;  that  their  action  produces  a 
change  in  the  composition  of  the  organic  matter  of  the  body;. and 
that,  while  more  important  organic  compounds  are  generated,  the 
useless  ingredients  of  the  snbstances  which  suffered  decompositibn 
are  excreted.  We  know,  moreover,  that  even  the  conversion  of  the 
new  nutriment  into  blood  is  necessarily  attended  with  the  excrstioD 
of  useless  elements.  The  apparatus  by  which  these  cAete  mattiM 
are  eliminated,  not  formed,  are  the  skin  and  kiduejrs.  The  nature  of 
the  excretions,  however,  is  the  subject  of  our  present  conskieration. 
Hie  organic  conditions  on  which  secretion  and  excretion  generally 
depend  have  been  treated  of  in  the  section  on  Secretion. 

Relative  quantity  qf  the  excretions. — Dr.  Dalton  {Bdinb.  New 
PAilasoph.  Joum.  1832,  1833,)  has  made  a  number  of  experi- 
ments in  his  own  person,  to  determine  the  proportion  which  >exists 
between  the  quantity  of  the  aliment  and  that  ol  the  excretions  in  a 
healthy  subject.  In  the  first  series,  instituted  in  the  month  of 
March,  and  continued  duriDg  fourteen  days,  91  ounces,  or  neariy 
6  pounds,  was  the  mean  quantity  of  solid  and  fluid  aliment  taken 
into  the  system  daily.  The  average  amount  of  urine  excreted 
each  day  was  48)  ounces,  of  fseces  5  ounces,  making  together  53) 
ounces;  so  that,  provided  the  weight  of  the  body  remained  the 
same,  the  amount  of  matter  exhaled  daily  by  the  skin  and  lungs 
must  have  been  37)  ounces.  The  second  series  of  experiments 
was  instituted  in  summer,  in  the  month  of  June;  the  daily  amount 
of  solid  excreta  was  then  less  by  4  ounces;  while  the  quantitv  of 
the  urine  was  greater  by  3  ounces,  the  quantity  of  matter  carried  off 
by  exhalation  was  44)  ounces, — 6  ounces  more,  consequently,  than 
in  the  spring.  In  autumn  half  the  daily  amount  of  food  was  got 
rid  of  by  exhalation.  Dr.  Dalton  calculated  that  the  aliment  which 
he  took  in  twenty-four  hours,  contained  about  11)  ounces  of  carbon. 
Now  he  estimates  the  proportion  of  carbon  in  the  urine  at  1^  per 
^eent.;  it  would,  therefore,  in  48)  ounces  amount  io  /^ot  J^olm 


THK  OVTAVaOUS  IXBAIiATfOV.  4U 

oance.  A  hundred  parta  of  faeces  contain  75'  parts  water,  and  of 
the  remainder  not  more  than  10  parts  are  carbon^  In  5  ounces  of 
f9BC6Sy  consequently,  there  would  be  but  half  an  ounce  of  carbon, 
and  10)  ounces  of  this  element  must  be  got  rid  of  by  cutaneous  and 
pulmonary  transpiration.  By  earlier  experiments  (Manekeater  Me* 
nurirs.  New  Series.  Vol.  ii.  p.  27,)  Dr.  Dalton  had  ascertained  that 
the  amount  of  carbon  exhaled  from  his  lungs  in  twenty-four  hours 
averaged  about  lOi  ounces.  The  average  quantity  of  water  expired 
was  at  most  20i  ounces.  So  that  in  twenty-four  hours  303  ounces 
of  effete  matters— water  and  carbon — are  excreted  from  the  lungs^ 
leaving  61  ounces  to  be  exhaled  by  the  skin,  of  which  6)  ounces 
would  be  water  and  a  quarter  of  an  ounce  carbon.  According  to 
this  calculation,  then,  the  quantity  of  the  matters  exhaled  by  the  lungs 
is  five  times  greater  than  that  of  the  cutaneous  transpiration.  Ihr. 
Dalton  estimates  that  of  the  six  pounds  of  new  matter  taken  daily 
as  nutriment,  one  pound  consists  of  carbon  and  nitrogen,  the  rest 
being  for  the  most  part  water. 

Ikccretion  o/foreign  matters. — Foreign  matters,  which  have  been 
taken  up  into  the  circulation,  are  not  excreted  at  the  same  time  and 
with  equal  facility  by  all  the  free  surfaces  of  the  body.  On  the 
contrary,  it  is  observed  that  the  dilSerent  excreting  organs  manifest 
diftrent  degrees  of  attraction  for  different  foreign  substances,  of 
which  some  are  excreted  more  readily  by  one  organ,  others  by  other 
organs.  Thus,  it  has  been  shown  by  Magendie,  (Bulletin  de  la 
SocUti  Phihm.  1811,)  and  Tiedemann,  {Zeitschrift  fur  PhysioL  S. 
2,)  that  alcohol,  camphor,  spirit  of  turpentine,  musk,  sulphuret  of 
carbon,  and  phosphorus,  are  exhaled  by  the  lungs;  while  saline  and 
many  colouring  matters  pass  off*,  either  changed,  or  in  their  original 
state,  more  especially  by  the  kidnejrs.  It  may  be  stated  generally, 
that  those  matters  which  are  prone  to  pass  out  of  the  system  by  a 
certain  secreting  organ,  are  likely  to  be  stimulants  of  that  organ,  and 
hence  we  may  explain  the  stimulant  action  of  the  neutral  salts  on 
the  kidneys,  these  salts  being  generally  excreted  in  an  unchanged 
state  with  the  urine.  The  results  of  Woehler's  researches  {IbitL 
Bd.  i.)  on  the  excretion  of  foreign  matters  by  the  kidneys  will  be 
detailed  in  the  article  on  the  urine. 

1.  Cutaneous  Exhalation  and  Perspiration. 

The  skin  is  the  seat  of  a  twofold  se(»retion, — a  fatty  matter,  and  a 
vapour.  The  properties  and  composition  of  the  first,  which  is  formed 
by  the  sebaceous  follicles  of  the  skin,  have  not  hitherto  been  examined. 
In  the  foetus  it  forms  an  unctuous  coating  to  the  surface  of  the  body, 
and  consists  then,  according  to  Frommherz  and  Gugert,  of  an  inti- 
mate mixture  of  a  fat  similar  to  cholesterine  and  albumen;  the  latter, 
however,  may  be  derived  from  the  liquor  anmii. 

The  sources  of  the  watery  exhalation  are  the  skin  and  the  lungs. 
During  strong  exercise  and  exposure  to  great  external  warmth,  in 
some  diseases,  and  also  when  evaporation  is  prevented  by  the  appli- 
cation of  oiled  silk  or  plaister,  the  perspiration  collects  on  the  skin  in 
the  form  of  drops  of  fluid-— the  sweat.    The  sweat  is  secreted  by 
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the  minute  spiral  follicles,  or  sndorirerotw  canals,  discoFered  by  Pur- 
kinje  and  Breschet;  which  are  distributed  over  the  whole  surface  of 
the  skin. 

Quantiiy  of  the  cutaneous  transpiration. — Since  the  laborious 
researches  of  Sanctorius,  who  instituted  ingenious  experiments  for 
the  purpose  of  ascertaining  the  quantity  of  the  matters  lost  by  exha- 
lation, more  exact  investigations  have  been  carried  on  with  the 
same  view  by  others,  especially  by  Lavoisier  and  Seguin.  (lUhn. 
dt  PAcad.  des  Sc.  \790.^Jinn.  de  Chim.  t.  90.)  The  result  of  their 
inquiries  was,  that  during  a  state  of  rest  the  average  loss  by  cuta- 
neous and  pulmonary  exhalation  in  a  minute  is  from  seventeen  to 
eighteen  grains, — the  minimum  eleven  grains,  the  maximum  thirty- 
two  grains.  To  ascertain  the  amount  of  the  cutaneous  and  pulmonary 
transpiration  separately,  Seguin  enclosed  his  body  in  a  bag  or  dress 
of  silk  covered  with  elastic  gum,  open  at  the  top  and  provided  with 
a  copper  mouth-piece.  The  bag,  or  dress,  being  closed  by  a  strong 
band  above,  and  the  mouth-piece  adjusted  and  gummed  to  the  skin 
around  the  mouth,  he  was  weighed,  and  then  remained  quiet  for 
several  hours,  after  which  time  he  was  again  weighed.  The  differ- 
ence in  the  two  weights  indicated  the  amount  of  loss  by  pulmonary 
exhalation.  Having  taken  off  the  air-tight  dress,  he  was  immediately 
weighed  again,  and  a  fourth  time  after  a  certain  interval.  The  dif- 
ference between  the  two  weights  last  ascertained  gave  the  amount 
of  the  cutaneous  and  pulmonary  exhalation  together;  by  extracting 
from  this  the  loss  by  pulmonary  exhalation  alone  while  he  was  in 
the  air-tight  dress,  he  ascertained  the  amount  of  cutaneous  transpira- 
tion. The  repetition  of  these  experiments  during  a  long  period  with 
great  care  afforded  the  following  results: — 

1.  However  much  the  quantity  of  the  food  may  vary,  the  weight 
of  the  body,  if  not  subjected  to  exertion,  returns  in  twenty-four  hours 
to  about  the  same  standard;  so  that, 

2.  If  under  otherwise  similar  circumstances  the  quantity  of  the 
food  varies,  or  if,  the  quantity  of  the  food  remaining  the  same,  the 
loss  by  exhalation  is  different,  the  solid  and  fluid  excretions  are  pro- 
portionably  increased  or  diminished. 

3.  When  digestion  is  imperfect,  exhalation  is  less  active. 

4.  Digestion  beitig  good,  the  quantity  of  the  food  has  no  great 
influence  on  the  amount  of  exhalation. 

5.  The  exhalation  is  least  abundant  immediately  after  food  is 
taken. 

6.  But  the  greatest  loss  of  weight  from  exhalation  takes  place 
during  digestion. 

7.  The  maximum  loss  by  exhalation,  cutaneous  and  pulmonary, 
in  twenty-four  hours,  is  5  lb.;  the  minimum,  1  lb.  11  oz.  4  dr. 

8.  The  cutaneous  transpiration  is  influenced  both  by  the  state  of 
the  atmosphere  and  by  the  state  of  the  body  itself. 

9.  The  mean  loss  by  exhalation  in  a  minute  is  18  grains,  of  which 
11  grains  pass  off  by  the  skin,  7  by  the  lungs. 

Dryness  of  the  atmosphere  has  the  effect  of  increasing  the  ex- 
halation from  the  skin  and  lungs,  which  process  has  a  cooling 
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ijlf^dnce;  while  a  great  elevation  of  the  external  temperature  is 
attended  with  a  contrary  resulL*  The  cutaneous  exhalation  is  mora 
rapid  when  the  surrounding  air  is  in  motion,  and  when  the  atmo- 
spheric pressure  is  not  great.  M.  Edwards  makes  a  distinction 
between  the  exhalation  which  is  the  result  of  mere  physical  evapo- 
ration^  and  which  would  take  place  in  dead  bodies  under  the  same 
circumstances,  and  that  which  depends  on  a  vital  function;  and  he 
calculates  that  when  the  temperature  of  the  atmosphere  is  not  above 
68''  Fahr.,  the  vital  transpiration  contributes  only  \  to  the  total  sum 
of  culaneous  exhalation.  The  product  of  the  physical  evaporation 
is  nearly  pure  water,  that  of  the  organic  transpiration  contains  animal 
matters:  the  former  is  suppressed  when  the  air  is  saturated  with 
moisture;  the  latter,  when  the  body  is  exposed  to  cold.  The  pul- 
monary exhalation  is,  according  to  M.  Edwards,  solely  the  effect  of 
evaporation,  which  undergoes  diminution  in  an  air  saturated  with 
moisture,  though  it  be  of  the  same  or  of  a  higher  temperature  than 
the  body.  The  different  states  of  external  temperature  atTect  so 
much  the  function  of  exhalation,  that  we  must  extract  the  most  im- 
portant results  of  Edwards'  researches  on  the  subject.  The  tempe- 
rature being  the  same,  water  is  a  better  conductor  of  caloric  than 
watery  vapour,  and  vapour  than  dry  air;  and  hence  the  last  is, 
cmteris  paribusy  supported  by  the  animal  body  longer  without 
inconvenience.  Moist  and  warm  air  is  more  heating,  because  it 
communicates  its  caloric  more  readily  to  the  body,  and  because  the 
physical  evaporation  is  not  so  free  in  it  as  in  dry  air.  A  warm 
atmosphere  saturated  with  water  in  a  gaseous  form,  particulaily  if 
in  the  form  of  vapour,  excites  a  more  active  vital  transpiration  than 
dry  air  of  the  same  or  even  of  a  higher  temperature.    If  its  tem- 

Serature  is  lower  than  that  of  the  body,  dry  air  conducts  away  less 
eat,  and  hence  is  less  cooling  than  moist  air,  which  is  a  better  con- 
ductor of  caloric 

TAe  components  of  the  cutaneous  exhalation  are  in  part  matters 
capable  of  assuming  the  form  of  vapour,  such  as  carbonic  acid  and 
water,  and  in  part  other  matters  which  are  deposited  on  the  skin  and 
become  mixed  with  the  sebaceous  secretion.  Thenard  collected  the 
cutaneous  perspiration  in  a  flannel  shirt  which  had  been  previoudy 
washed  in  distilled  water,  and  foun{l  it  to  consist  of  chloride  of  sodium, 
acetic  acid,  some  phosphate  of  soda,  traces  of  phosphate  of  lime,  and 
oxide  of  iron,  together  with  an  animal  substance.  In  sweat  which  had 
run  from  the  forehead  in  drops,  Berzelius  {Chimie  •dnimaley  p.  324,) 
found  lactic  acid,  a  matter  soluble  in  alcohol  (osmazome),  a  small 
quantity  of  a  substance  insoluble  in  alcohol,  a  considerable  quantity 
of  chloride  of  sodium,  and  muriate  of  ammonia.  The  fluid  exhaled 
from  the  skin  has  been  more  recently  examined  by  Ansel  mino.  He 
placed  his  arm  in  a  glass  cylinder,  and  closed  the  opening  around  it 
with  oiled  silk,  taking  care  that  the  arm  touched  the  glass  at  no  point*. 
The  cutaneous  exhalation  collected  on  the  interior  of  the  glass,  and 

*  Edwards,  Inflaenee  des  A^ns  Physiqnes  lur  la  Vie.    Dr.  Hodgkin^s  trans- 
lalioD,  pp.  168  to  180. 
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ttonk  fltnd  euboDio  aricL  Ttm  wlwliirion  of  ^aurboBig  mU  fcy  ttl^ 
•kfai  bad  hmtk^  miffeiiiljr  obaenrtd  bf  AbariMChf  and  Bfaanttri^^ 
vUlo^Pffiittlif  « Vwtetof I  and  Ooidoa  MIfd  to  doieet  it  id  ihoir 
piiiBmita  (JUBdM*«  .tfrvMa  Hi.  p.  eM.)  Coltaid  do 
(MofmdUf^  Jmtmalf  x.  160,)  doteeted  in  tho  eotanooaa  <  ^ 

MCb  oarbonio  aoid  aod  nicioani  in  Torjii  nriablo  proportioaii  tejr 
won  noc  oonalaiilljr  fKnoont,  doI  woro  oxbaM  ill  groat  abnoduoo 
aftor  mmooiar  owtioD,  and  alkor  moala.  Sometimoa  tbo  nitiogM 
1M0  oxbalod.  alonoi  aa  bappenod  in  tbo  ozporimontf  of  InooobMa^ 
TmooMt^ and  BaffraoL  SoMotioMw  tbo  gaa  waa abnoet wboUfom^ 
banle  aoid,aa  bad  boon  obaarvad  by  Milly,  Cruikabank,  Jurinai 
Abatnocby,  and  Maolconiio.  li.ColbuDdttatoatbattbonitiQgoa«ao 
nofo  abnndaot  afkor  tbo  diot  bad  donaiatod  principally  of  iniinal 
anbaiaaoaa;oaiboirio  acidy  wboAfiiod  of  a  Togotablo  natuio  iMid  boon 
lakoa.  M.  OoHaid  baa  colloctad  tbo  gaa  evolTod  fimn  tbo -aklb  bgr 
placing  over  it  a  ^aaa  flmaal,  oloaad  li^  a  atoppor  abovo^and  §Bm 
vkb  diatilM  water,  and  bonce  infeia  tbat  tbo  carbonio  acid  ia  o» 
bated  in  tbo  gaaoona  fomii  aineo  it  ia  oTotved  witbont  tbo  oMtnal  of 
aimoapborio  air. 

Anaalmino  {Ttetkmmnn^i  ZdiBekri/tAiL  p.  301,)  baa  gi^eii  lOio 
IMIovinff  anaiyria  of  tbo  floid  awoat:-Jn  100  parte  of  tbo  dnd 
reaidao  tbeio  woiOy 

l|Att«r9  inpolalik  to  w«t^  aad  iIoqImI  fehieev  Qihuvpiw  oOte  I 

Aoiaml  mtttMr  ioiobb  ip  watBr.tiid  iMololle  lo  dooboK  (ragudbd  Ij  AmiI-} 

iMttorXMAfidliotflDlilwioMM  1     ^ 

llattMi  toiahto  k  dilalt  udoM  (fblorUt  of  ipdhni  and  qpmnome)  *      m 

"* iiJMOeieid^afMlitiMlta^— rmirMftff    ^ 
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Beraeliua  oMntiona  aal  ammcmiao  and  lactate  of  anunonia  alaona 
innodienta  <tf  ttio  poiapivation. 

In  the  aabea  of  tiio  dried  rendae  of  the  sweat,  Anaelmbio  found 
carbonate,  anlpbato,  and  pboephate  of  loda,  and  some  potaab,  widi 
cbloride  of  aooiam,  phospoato  and  carbonate  of  lime,  and  tnuaea  of 
ojddo  of  iron. 

In  tlio  sweat  of  tlio  borao,  whiob  ie  known  to  deposit  a  wbilo 
powder,  Foureroy  found  urea,  but  Anselmino  could  not  detect  it 

Bereral  parts  of  Ao  body  afford  a  perspimtion  with  pecuiiarpiD>- 
perties,  due  peibaoa  to  tbo  aecrotion  of  the  aebaceous  follicles  Tbm^ 
the  perspiration  oi  tiio  azilbs  is  ammoniacai,  and  tbat  of  tlie  genita) 
organa  containa  bucyrio  ackL  Several  animals,  again,  and  many  mon^ 
bave  a  peispimtion  of  a  pecoliar  odour;  in  animals,  howerer,  this 
odour  freqoMOy  ariase  from  tbe  products  of  special  glands^-^for  ox- 
ample,  of  tbo  anai  glands. 

Tiio  jMnpote  qf  ilu  euianmus  exAalaUoa  is  not  eluddatod  by 
its  analysis,  for  the  matters  met  with  in  it  are  also  constituents  of  tbo 
urine.  I^noe^  iiowevoTy  as  Seguia's  omeriinents  show,  its  quantity 
bears  so  close  a  relation  to  tluuof  tbo  lood^  and  also  to  tiMof  tbo 


ovncB  or  tu  cutaiisoits  rnxMAULnoit^  4tft 

ollM  exBretkms,  we  can  in  some  meamire  ondentand  bow  its  saddetl 
mpprenioD,  by  disturbing  the  nonnal  composition  of  the  eircolating 
fluids  and  their  distribution  in  the  body,  may  give  rise  to  great  dis^ 
order  of  the  animal  economy.  The  agency  of  the  transpiration  in 
mssnring  the  body  under  the  influence  of  high  temperatures,  has 
been  already  explained.    (See  page  81.) 

The  cutaneous  exhalation  and  sweat  are  true  secretions;  they  ard 
not  the  result  of  the  mere  evaporation  of  those  ingredients  of  the 
blood  which  are  capable  of  taking  the  form  of  vapour.  This  is 
proved  by  the  Atct  that  in  some  diseases  the  perspiration  is  quite 
anrestedi  although  the  temperature  of  the  skin  is  elevated;  such,  fof 
example,  is  the  case  in  many  febrile  diseases  in  which  the  influence 
ef  the  nerves  on  the  skin  is  in  a  state  of  depression.  Moreover,  ant 
especial  relation  exists  between  the  cutaneous  exhalation  and  thd 
urinary  secretion;  it  would  appear,  indeed,  that  the  skin  has  the  office 
of  esparating  from  the  blood  those  matters  more  particularly  which^ 
at  the  temperature  of  the  body,  take  a  gaseous  form,  while  ib6 
kidneys  remove  from  it  the  more  liquid  excreta.  But  there  is  an-< 
other  relation,  that  of  alternation  of  action,  between  the  skin  and 
kidnejTS.  When  the  urine  is  secreted  in  excessive  quantity,  as  in 
diabetes,  the  skin  is  dry.  In  hot  seasons  and  in  warm  climates  th€l 
urinary  secretion  is  less  abundant,  the  cutaneous  secretion  more  aoi 
in  winter  the  reverse  is  the  case;  and  in  diseases  the  same  altemation 
of  action  is  observed.  But  the  cutaneous  secretion  is  modified  not 
only  by  its  antagonism  with  other  secretions,  (see  page  451,)  but  also 
by  nuiny  other  causes,  of  which  some  have  their  seat  in  the  skin 
itself,  others  are  dependent  on  its  sympathy  with  other  organs.  With 
rega^  to  the  first  kind  of  these  causes,  it  may  be  remarked,  that 
gentle  stimulants  applied  to  the  skin  itself,— for  example,  hot  baths^ 
—or  acting  on  it  through  the  medium  of  the  blood, — as  diaphoretics, 
-i^-increase  its  secretion;  but  that  if  the  irritation  of  the  skin  is  raised 
to  too  great  a  degree,  it  becomes  red  and  hot,  and  its  perspiration 
ceases, — the  secretion  of  the  skin,  like  that  of  most  other  parts,  being* 
also  wholly  arrested  by  inflammation.  Hence  extensive  inflamnuu 
tions  of  the  skin,  by  arresting  its  secretion,  and  thus  disturbing  the 
bslance  in  the  distribution  of  the  circulating  fluids,  have  a  tendency 
to  excite  antagonistic  actions  of  a  morbid  nature,  such  as  inflamiAaH 
tMs  of  the  mucous  membranes.  Extensive  bdms  have  been  elv 
served  to  be  followed  by  inflammation  of  the  mucous  membrane  of 
the  intestines  or  lungs;  and  in  the  exanthemafons  diseases,  in  which 
a  morbid  matter  is  excreted  by  the  skin,  the  danger  of  the  superven-^ 
tion  of  internal  inflammation  becomes  more  imminent,  not  merely 
in  proportion  to  the  suppression  of  the  process  by  which  the  morbid 
matter  is  eliminated  from  the  blood,  but  also  in  proportion  to  the 
violence  of  the  inflammation  by  which  the  function  of  the  skin  is 
arrested. 

TIm  action  of  the  skin  is  very  much  modified  likewise  in  accord- 
ance with  the  states  of  the  nervous  and  vascular  systems. 

In  ftbrile  aflisctions  the  secretion  of  the  skin  and  mucous  mem- 
branes diminishes  in  proportion  as  the  influence  of  the  nervous  S]r>* 
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tern  in  these  parts  is  depressed.  In  other  states  that  are  not  febrile, 
on  the  contrary,  a  sudden  withdrawal  of  nervous  energy,  such  as  takes 
place  iu  syncope  and  during  the  sway  of  depressing  passions,  gives 
rise  to  a  profuse  cold  sweat.  The  conditions  on  which  these  great 
changes  in  the  cutaneous  secretion  under  certain  circumstances 
depend,  ]iave  not  at  present  been  submitted  to  a  satisfactory  physio- 
logical investigation. 

2.   The  Secretion  of  Urine. 

The  urinary  secretion  is  tiie  means  of  carrying  out  of  the  system 
decomposed  and  effete  animal  matters,  such  as  urea  and  uric  acid,-— 
the  essential  components  of  the  urine, — superfluous  saline  matters, 
and,  either  in  an  altered  state  or  in  their  original  condition,  foreign 
matters  which  have  accidentally  entered  the  circulation. 

The  urine  is  an  excretion  met  with  through  a  great  extent  of  the 
animal  scale.  Even  insects  secrete  uric  acid  by  the  biliary  or  rather 
Malpighian  vessels.  Uric  or  lithic  acid  has  indeed  been  found  in 
entire  insects;  thus  Robiqnet  {^Annal.  de  Chimie^  76,)  detected  it  in 
cantharides,  and  it  has  hence  been  inferred  that  this  acid  is  distributed 
generally  throughout  their  body.  But,  in  analysing  the  entire  body 
of  an  insect,  the  contents  of  the  above-named  vessels  are  necessarily 
included.  There  is  a  secretion  of  urine  in  the  Mollusca  likewise. 
Jacobson  has  detected  uric  acid  in  the  secretion  of  the  saccus  caU 
careus  (rorgane  .de  la  viscosity,  Cuvier)  of  snails,  the  efferent  duct 
of  which,  running  by  the  side  of  the  rectum,  terminates  close  to  the 
anus.  (MeckePs  Jlrchiv.  vi.  370.) 

The  urine.  {%Sfter  BerzeliuSy  Wbehler,  and  Liebig.)  The  urine  of 
the  human  subject  is  transparent,  amber-coloured,  and  of  an  aroma^- 
tic  odour;  and  has  a  bitter  taste,  and  a  strong  acid  reaction.  The 
urine  of  oxen, horses,  rabbits,  and  several  other  herbivorous  animals, 
is  alkaline;  though  in  some  it  is  acid  in  the  perfectly  fresh  state.  The 
urine  of  herbivorous  Mammalia  is  more  turbid  and  often  viscous, 
and  undergoes  decomposition  less  rapidly  than  the  urine  of  Carni- 
vora.  The  specific  gravity  of  human  urine  varies  between  1005 
and  1030;  in  some  diseases,  particularly  in  diabetes,  it  is  occasion- 
ally as  high  as  1050.  The  urine  occasionally  becomes  turbid  in 
cooling,  and  deposits  in  such  cases  a  grey  or  pale  red  sediment,  wliich 
is  redissolved  when  the  fluid  is  heated.  After  exposure  to  the  air 
for  a  few  days,  the  urine  acquires  an  ammoniacal  odour  and  an  alka- 
line reaction;  and  there  forms  on  its  surface  a  white  slimy  pellicle, 
in  which,  as  well  as  on  the  inner  surface  of  the  vessel,  small  white 
crystals  of  phosphate  of  ammonia  and  magnesia  show  themselves. 
{BerzeliuSf  Chimie  ^^nimale,  p.  342.) 

a.  Essential  constituents  qf  urine, — Besides  the  mucus  of  the 
urinary  passages,  which  is  rarely  visible  in  the  excretion,  Berzelius 
enumerates  the  following  as  essential  ingredients: 

Water,          ........  933-00 

UreB,            ........  30*10 

Frco  lactic  acid,  lactate  of  ammonia,  osmazomo  loluble  in  alcohol,    f  n»\A 

and  eztnctive  Bolable  in  water,    .           .                        .              '^  if  ^ 

Lithic  acid,  ........  100 


tmiA.  46t 

Kttcoi  fir  Om  bU  dto,  (H» 

fiMplMt6ofpo«wh    .  3*71 

Splphato  of  aoda,     .......  3-16 

nospbate  of  ■oda,  .  •  .  •  S*94 

Blpho^ata  of  flrnoKmis,    ...'..  1-69 

CUoride  of  ■odium, 4^ 

If  urMto  of  amiBonU,  ....••  1*50 

Pbotphata  of  lime  and  magnetia,    .  •  1*00 

Silica, 0-03 

1000*00 

The  quantity  of  area  and  lithic  acid  secreted  within  a  given  time  in^ 
in  the  same  individaal,  according  to  Lecana,  {Comptea  Rendtai 
Jn9lel,  1839,)  constantly  the  same;  while  the  salts  of  the  sulphuric^ 
phosphoric,  and  muriatic  acids  are  secreted  in  different  quantities  at 
diftrent  times  in*  the  same  person. 

I.  Urea. — This  substance  was  discovered  in  the  urine  by  Cmik^ 
sftftnk.  It  is  procured  by  evaporating  urine  carefully  to  the  consist 
ti^mse  of  honey,  acting  on  tiie  inspissated  mass  with  four  parts  of 
idooholy  then  evaporating  the  alcoholic  solution,  and'  purifying  tM 
MMdne  by  repeated  solution  in*  water  or  alcohol^  and  finaify  allowih'gf 
it  to  crystallise.*  The  urea  appears  in  the  form  of  delicate  silvery' 
acicular  crystals;  of  long,  narrow,  four-sided  prisms;  or,  when  in  the' 
iifipme  state,  of  scales.    It  is  colourless  when  pure;  when  impure, 

Eubw  or  brown:  is  without  smell,  and  of  a  cooliiig,  nitre-like  taste; 
^  neither  an  acid  nor  an  alkaline  reaction,  and  deliquesces  in  & 
moiBt'  and  warm  atmosphere.  At  5^""  Fahr.  urea  requires  for  its 
solution  less  than  its  weight  of  water,  and  is  dissolved  in  all  propor- 
tions by  boiling  water;  but  it  requires  five  times  its  weight  Of  cold' 
aksohol  for  its  solution.  It  is  not  precipitated  by  tannin.  At  248^ 
F^hr.  it  melts  without  undergoing  decomposition;  at  a  still  highet 
temperature  ebullition  takes  place,  and  carbonate  of  ammonia  sub- 
limes; the  melting  mass  gradually  acquires  a  pulpy  consistence;  and, 
if  die  heat  is  carefully  regulated,  leaves  a  gray-white  powder,  cyanic 
acid,  which  is  likewise  formed  and  sublimes  when  uric  or  lithic  add 
is  submitted  to  dry  distillation.  Urea  forms  compounds  with  both 
aeUs  and  bases,  without  neutralising  them.  It  is  retnarkabie  that 
the  presence  of  urea  causes  sal  ammoniac  to  crystallise  from  its  solu* 
tions  in  cubes,  in  place  of  octohedrons;  and  muriate  of  soda  to  cry^ 
taUise  in  octohedrons,  in  place  of  cubes.  Nitric  acid  combines  with 
urea,  and  precipitates  it  from  its  concentrated  watery  solution.  Urea 
contains  more  nitrogen  than  any  other  animal  product.  Dr.  Prout 
found  it  to  be  constituted  of 

Nitrofon,  •           •           .           •  40*65 

Carbon,  ....  19-97 

Hjdrogon,  ....  6*65 

Ozy^^en,  ....  9&65 

Woehler  has  discovered  that  urea  may  be  formed  artificially.  (See 
page  15.) 
We  owe  to  Prevost  and  Dumas  the  knowledge  of  tho  important 

*  For  ^an  aoooont  of  other  motbods  of  prooaiiog  it,  eonsult  Gmelin's  Chimio,  it. 
1014,  and  Berselias,  loc,  ciu  p.  370. 
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fteCftiiat,  after  both  kidneys  have  b^n  extirpated*  .urea  can  bi  de- 
tected in  the .  blood;  whence  it  may  be  inferred,  that  Che  leaeen  of 
this  eabetance  not  being  found,  at  least  in  large  (joantitjr,  te.tbe 
blood  in  the  healthy  state,  is,  that  it  is  excreted  from  it  sis'sooai  ae 
formed.  -  Their  discovery  has  been  confirmed  tyy  Vanquelia  and 
Serials,  by  Mitscherlich,  and  by  Tiedemann  and  Omelin.* '       < 

l^e'source  of  the  urea-— the  organ  from  which  it  en|ters  the  ciica- 
lation— is  uynknown.  It  can  at  present  merely  be  asked,  bv  way  of 
coi^|ecture,  whether  the  urea  may  not  be  generated  in  the  lungi 
^nng  the  ..chemical  process  which  the  blood  undergoes  in  uespidB^' 
piiQUf  and  by  which  higher  organic  compounds. are  formed* ;  It 
ini^  ^wever,  be  produced  in  other  parts  also  during  the  conyeysjaa 
(Ifi  ine  new  nutrient  materials  into  the  proper  components  of  thja^or-: 
ganic  flilids.  The  important  question,  whettier  the  urea  is  forviisd  iat 
Q^neequeace  of-.the  decomposition  of  that  Animal  matter  only  whidi 
hM-a)ready>beiBn  organised,  or  whether  it  is  derived  from  the  DUtfif^ 
qi0nit  newly  introduced  into  the  blood,  being  in  the  latter  eajiia<m 
Vfelees  'pn>duct  of  digestion,  has  .been  already  discussed.  To  dstw* 
nine  it,  it  would^  be-  necessary  to  keep  animals  without  food>  then  1^ 
iljvitirpiue  the  kidneys^and  to  examine  the  blood  to  see  if  it  contained 
urea.  This  experiment  has  been  performed  by  M.  Marchand*  ., 
..  la  several  diseases  the  urine  contains  no  urea;  for  instaneeii  ii& 
fiyaterical  attaekis,in  which  the  secretion  becomes  very  watery.  TbB 
Qfg^nic  mattfl[rs  are  then  wanting;  so  that  the  urine  contains  only  the. 
«^ine.in9Dedieqt8i.  In  diabetes  mellitus,  the  urine  contains^  in  pteOQ 
of  urea,  sugar  (the  sugar  of  grapes),  and  the  urea  reappears  in^MK^ 
portion  as  the  quantity  of  the  sugar  diminishes.  Hete,  tben,taa 
Okdioaiy  constituent  of  th^  urine,  which  contains  so  large  a  propoi^ 
tion-of  nitrogen,  is  replaced  by  a  substance  into  the .  composition  oC 
w;liieh  nitrogen  does  not  enter  at  all;  for  the  sugar  of  the  urine  i% 
according  to  Dr.  Prout,  constituted  of 

Cirbon         .  .  •  \        39.99 

Hydi^ofeii  .  .  .  6^ 

^Oj^gen        .  ...  .       53.83 

It  appears,  however,  from  the  experiments  of  Dr.  Henry,  Mr. 
Kane,  and  Mr.  M<6regor,t  that  urea  not  only  is  present  in  diabetic 
urine,  but  exists  in  it  in  at  least  its  natural  quantity;  and  the  obeet^ 
vations  of  the  last-named  gentleman  tend  more  especially  to  show 
that  the  quantity  of  urea  and  that  of  the  sugar  in  the  urine  in  this 
disease  are  quite  independent  of  each  other. 

In  diabetes  insipidus,  in  which  the  urine  contains  no  saccharine 
matter,  the  place  of  the  urea  is  supplied  by  another  substance,  which 
is  in  great  part  soluble  in  alcohol,  and  agrees  in  its  characters  with 
osmazome.  In  anasarca,  deficiency  of  urea  in  the  urine  is  supplied 
in  eqtial  proportion  by.  the  presence  of  albumen,  and  the  urine  is  then 

:  *  TiedamiinB^t  Zeitaehrif^  t.  1.    See  also  Nysteo,  Reoherehes  de  Ghinrie  et  de 
Phvsiol.  Pathol.  Paris,  1811,  p.  263.    Meckel's  Archie,  ii.  678. 

f  See  London  MeiL  Gazeue,  toL  xz.  pp^  3dl  and  268.    See  also  Dr.  Willis's 
eicidlent  treatise  on  Dlabistte,  In  his  work  on  Vtimry  Diseases. ' 
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eoagulable  by  heat  This  albumiDous  state  of 
pedally  frequent  in  dropsy  attending  the  degeneif 
pointed  out  by  Dr.  Bright.  According  to  Dr.  Gh 
relation  subsists  between  the  quantity  of  albume 
that  of  the  urea  in  this  disease.  On  the  other  h&MJ^^ 
{Mailer^ a  Jirckiv.  1837,  p.  440,)  and  Dr.  Christison  have 
times  found  urea  in  the  fluid  of  dropsical  swellings;  and  it  has 
been  detected  by  Dr.  Bostock  and  Dr.  Christison  in  the  blood  in  the 
same  disease.  The  presence  of  albumen  in  the  urine,  with  deficiency 
of  uiea,  has  likewise  been  observed  in  cases  of  chronic  inflammation 
of  the  liver  with  constant  dyspepsia,^  as  well  as  towards  the  termina- 
tion of  all  diseases  producing  emaciation. 

.  :2.  Uric  or  lithic  acid, — We  obtain  lithic  acid  from  the  sediment 
of  human  urine,  or  from  the  urine  of  birds  and  serpents,  by  dissolving 
the  secretion  evaporated  to  dryness  in  warm  water,  filtering  the  solu- 
tion, and  precipitating  by  means  of  muriatic  acid.  Lithic  acid  crys- 
tallises in  the  form  of  delicate,  white,^-or,  when  impure,  yellow  or 
brownish, — scales;  it  is  devoid  of  taste  and  smell,  reddens  moistened 
litmus  paper,  and  requires,  according  to  Prout,  more  than  10,000 
times  its  weight  of  cold  water  for  its  solution,  but  somewhat  less 
boiling  water.  It  is  insoluble  in  alcohol  and  ether.  By  dry  distilla- 
tion it  is  decomposed;  carbonate  of  ammonia  being  first  sublimed, 
afterwards  hydrocvanic  acid  in  large  quantity,  and  a  brown  empy- 
reumatic  oil,  and,  lastly,  a  crystalline  substance,  cyanic  acid,  accord- 
ing to  Woehler,t  with  which  a  quantity  of  urea  is  mixed.  The 
elementary  composition  of  lithic  acid  has  been  stated  by  Dr.  Prout 
lobe — 

Nitrogen,  in  his  first  analysis  .  40.25  in  a  later  analysis  .  31.12 

Carbon                 .            .  .  34.25                      .            .  .  39.87 

Hydrogen            .            .  .  2.75                      .            .  .  2.22 

Oxygen                .            .  .  22.75                      .            .  .  26.77 

Urine,  while  warm,  holds  in  solution  much  more  lithic  acid  than 
an  equal  quantity  of  boiling  water  will  dissolve,  and  this  has  induced 
Dr.  Prout  to  think  that  in  the  urine  the  acid  is  in  the  state  of  lithate 
of  ammonia.  The  lithic  acid  which  is  precipitated  during  the  cool- 
ing of  the  urine  is,  however,  in  thie  free  state.  DavernoyJ  contends 
that  it  is  held  in  solution  in  warm  urine  by  means  of  the  colouring 
matter.  The  precipitate  of  lithic  acid  is  at  first  powdery  and  grey, 
but  assumes  by  degrees  a  rose-red  colour,  and  crystallises  as  it  dries. 
The  red  or  brickdust  tint  of  lithic  acid  is  due  to  a  colouring  matter 
which  is  combined  with  it:  in  intermittent  fevers  this  red  colour  is 
unusually  deep.  Berzelius  regards  it  as  still  very  doubtful  whether, 
or  not,  the  red  colour  of  the  precipitate  in  the  urine  in  fevers  is  de- 
pendent on  the  presence  of  purpurate  of  ammonia. 

Duvemoy  detected  no   essential  difference  between  the  deep- 

*  Rose  and  Henry,  in  Meckers  Archiv.  ii.  642.    Dr.  Graves,  Doblio  Journal, 
vol.  vi. 
t  Poggendorfs  Annal.  xv.  529.— Benteliaa's  Chimie  Anim.  p.  348. 
%  Unteraachangen  iiber  den  Menschl.    Urin.  Stuttg.  1835,  8. 
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'eohmred  red  urine  and  the  urine  of  the  crisis  of  ferer,  which  deposM 
a  sediment.  Both  have  a  strongfer  acid  reaction,  and  a  redder  coionr, 
and  contain  a  larger  quantity  of  lithic  acid  than  natural;  The  criti- 
cal urine  merely  had  a  larger  proportion  of  the  acid,  and  deposited 
it  more  readily. 

Liebigand  Woehler*  have  discovered  that  lithic  acid  contains  mw^ 
in  a  peculiar  state  of  combination;  or,  at  all  events,  that  by  decom«- 
positton  it  yields  urea,  with  several  other  products.  Lithic  add 
brought  to  the  consistence  of  a  thin  pulp  with  water,  was  heated- 
nearly  to  the  boiling  point,  and  then  superoxide  of  lead  was  addML 
which  gave  rise  to  the  development  of  carbonic  acid  gas.  The  fluid' 
separated  from  the  mixture  by  filtration,  jrielded,  on  cooling,  coloui^ 
less  or  yellowish,  brilliant,  hard  crystals  of  allantoic  acid,  the  sub- 
stance found  in  the  fluid  of  the  allantois  of  ruminants.  The  super^ 
natant  Uquid  being  poured  off,  evaporated,  and  again  cooled,  crystals 
of  urea  formed  in  it.  The  superoxide  of  lead  was  converted  into  a 
white  mass,  consisting  of  oxalate  of  lead.  The  products  of  thn" 
decomposition,  then,  are  allantoic  acid,  or  rather,  since  it  is  not  an 
acid,  allantoin,  urea,  oxalic  acid,  and  carbonic  acid.  Allantoih  is 
composed  of: 

Gtrbon    .       • 30.66  or  4  ■tomi 

NHragfB 35.50      4 

HydrofBO 3.85      6 

Ozjffen 30.08      3 

It  may  therefore  be  regarded  as  a  compound  of  four  atoms  of 
cyanogen,  with  three  atoms  of  water.  Its  elements  require  three 
atoms  of  water  to  give  it  the  composition  of  oxalate  of  ammonia, 
into  which  it  is  converted  by  the  action  of  alkalies  and  sulphuric 
acid.  If  now  we  admit,  with  Liebig  and  Woehler,  that  the  urea 
pre-existed  in  the  lithic  acid,  by  substracting  from 

CarboQ.    Nitrogen.    Hydrogen.     Oxygen. 
1  atom  lithic  acid       ....        10  8  8  6 

1  alom  urea 2  4  8  % 

we  shall  have  as  remainder        .        .         8  4  0  4 

which  are  the  elements  of  four  atoms  of  cyanogen,  and  four  atoms 
of  carbonic  oxide.  -These  chemists  therefore  regard  lithic  acid  as  a 
compound  of  urea  with  a  substance  composed  of  cyanogen  and  car- 
bonic oxide,  which  in  the  above  process  is  converted  by  the  action 
of  the  superoxide  of  lead  into  oxalic  acid  and  allantoin. 

The  urine  of  many  animals  differs  from  that  of  the  human  subject 
in  respect  of  the  quantity  of  the  urea  and  lithic  acid.  The  urine  of 
carnivorous  Mammalia  contains  both  urea  and  lithic  acid.  Vau- 
quelin  and  Boindet  {Froriep^s  Notiz.  No.  272,)  have  denied  that  it 
contains  any  lithic  acid,  but  Hieronymi  {Jahrb.  der  Chem,  u.  Phys. 
1829,  iii.  322,)  obtained  some  of  this  acid  from  urine  of  the  feline 
tribe.    In  100  parts  of  urine  he  found  13.220  parts  of  urea,  with 

*  Poggendorf  *i  Annal.  p«  41, 561;  sad  the  Brititk  Atmals  of  Medicine  for  Sept 
16, 1837. 
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osraazome,  and  free  lactic  acid,  and  0.022  parts  of  lithic  acid.  The 
urine  of  herbivorbas  animals  contains  urea,  but  no  lithic  acid;  the 
place  of  which,  in  the  urine  of  graminivorous  animals,  is  supplied 
by  hippuric  acid,  forming  hippurates.  The  urine  of  birds  contains 
abundance  of  supeflithate  of  ammonia;  that  of  carnivorous  birds  is 
said  by  Coindet  to  contain  urea,  which  does  not  exist  in  the  urine  of 
birds  which  feed  on  vegetable  substances,  although  the  superlithate 
of  ammonia  exists  in  the  latter  also.  Lithic  acid  constitutes  ,V  ^^ 
the  weight  of  the  urine  of  the  ostrich.  The  consistent,  pulpy,  urinary 
secretion  of  birds  owes  its  white  colour  to  the  presence  of  lithate  of 
ammonia.  It  appears,  that  the  presence  or  absence  of  urea  and 
lithic  acid  (of  which  the  former  contains  46,  the  latter  40  per  cent, 
of  nitrogen)  stands  in  no  constant  relation  to  the  nature  of  the  food 
of  the  animal.  The  only  fact  bearing  on  the  point  is,  that  in  herbi- 
vorous  Mammalia  the  lithic  acid  is  replaced  by  hippuric  acid,  which 
contains  only  7  per  cent,  of  nitrogen.  It  is  stated  likewise  by  Chev- 
reul,  that  when  dogs  are  kept  for  a  long  period  on  vegetable  food^ 
their  urine  becomes  like  that  of  Herbivora,  in  ceasing  to  contain  any 
lithic  acid  or  phosphate  of  lime.  (Huene/eldy  Physiol,  Chimie,  i. 
150.) 

In  gout  the  urine  is  usually  very  acid,  and  deposits  an  abundant 
sediment,  and  also  contains  a  greater  proportion  of  lithic  acid  than 
in  any  other  disease;  although  during  the  febrile  state  which  ac- 
companies the  paroxysms  of  gout,  as  in  other  cases  of  fever,  the 
urine  is  deficient  in  that  acid.  {Berzelius,  Chimie  Anim,  p.  404. 
See  also  Nysteuy  loc,  cit,)  The  abundance  of  lithic  acid  in  gouty 
habits,  however,  is  likewise  shown  by  the  concretions  which  form  in 
the  joints,  and  which  consist  of  lithate  of  soda,  with  some  lithate  of 
lime.  It  is  not  improbable  that  the  perspiration  likewise  of  patients 
labouring  under  gouty  and  calculous  diseases  contains  lithic  acid. 

All  the  foregoing  circumstances  render  it  very  probable  that  the 
source  of  the  lithic  acid  [ies  much  deeper  than  the  point  of  its  excre- 
tion, and  that  its  production  is  intimately  connected  with  the  nature 
of  the  food,  and  with  the  process  of  sanguification,  since  its  propor- 
tion in  the  urine  diminishes  when  the  food  consists  wholly  of  vege- 
table substances. 

In  diabetes  mellitus,  lithic  acid  is  still  present  in  the  urine,  ( ^FbeA- 
fcr,  Berzelius^s  Jahresb.  vi.  283,)  and,  according  to  M.  Wittstock, 
hippuric  acid  also. 

3.  Hippuric  acid  is  met  with  in  the  urine  of  young  children  (?), 
and  of  graminivorous  animals,  in  the  state  of  hippurate  of  soda.  It 
is  procured  by  evaporating  the  urine,  and  precipitating  by  muriatic 
acid;  it  forms  long,  transparent,  four-sided  prisms,  is  without  taste, 
or  is  but  slightly  bitter,  and  reddens  moistened  litmus  paper.  Gmelia 
has  classed  it  as  a  modification  of  benzoic  acid  among  the  substances 
which  contain  no  nitrogen;  but  Liebig  regards  it  as  a  peculiar  acid, 
and  not  as  a  mere  compound  of  benzoic  acid  with  animal  matter; 
and,  since  it  gives  out  ammonia  when  decomposed,  it  must  contain 
nitrogen.  It  is  difficult  of  solution  in  cold  water,  more  soluble  ia 
boiling  water;  alcohol  dissolves  it  in  much  greater  proportion,  ether 
in  less.     Its  composition,  according  to  Liebig,  is, 
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Carbam          .  .           •  •         63.033 

Hydrogen,       •           •  .  •     5.000 

Nitrog«n,    .           ...  •  7.337 

Ofjgen,           .           •  •  •   94.631 

4.  Lactic  acid  is,  according  to  Benelius,  a  g^eral  product  of  the 
spontaneous  decomposition  of  animal  matters  wnhin  the  body;  it  is 
glenerated  in  large  quantity  in  the  muscles,  is  saturated  by  the  blood 
and  its  alkali,  and  is  carried  out  of  the  system  in  the  acid  urine  of 
man  and  animala  It  is  the  principal  cause  of  the  acidity  of  the 
urine,  although  this  secretion  contains  likewise  superphosphates  of 
ammonia  and  lime. 

5.  Salts  qf  the  urine. — The  secretion  of  the  human  kidney  con- 
tains both  sulphates  and  phosphates.  Berzelius  supposes  that  the 
acids  in  these  salts  are  the  product  of  the  chemical  action  of  the 
kidne3rs,  because  in  the  other  fluids  of  the  body  there  are  merely 
traces  of  sulphates,  and  but  a  small  quantity  of  phosphates,  while 
the  urine  abounds  with  both;  but  his  reasons  do  not  justify  the  con- 
dusion  which  he  draws.  Berzelius  imagines  that  the  sulphur  which 
enters  into  the  composition  of  the  fibrin,  albumen,  &c  is  converted 
in  the  kidneys  into  sulphuric  acid,  while  the  other  elements  unite  to 
form  ammonia,  urea,  &c.  He  holds  the  same  opinion  with  regard  to 
the  phosphorus  which  exists  in  several  of  the  soUds  of  the  body.  In 
the  urine  of  herbivorous  animals  the  place  of  the  phosphates  is  sup- 
plied by  salts  of  carbonic  acid.  The  experiments  of  Berzelius  and 
Woehler  prove  that  the  urine  does  not  constantly  hold  carbonic  acid 
gas  in  solution.  The  silicic  acid  seems  to  be  derived  from  the  water 
taken  as  drink.  The  bases  of  the  salts  of  the  urine  are  potash,  soda, 
ammonia,  lime,  and  magnesia;  the  salts  are  chloride  of  potassium, 
muriate  of  ammonia,  phosphate  of  lime  (a  supersalt,  while  the  phos- 

f»hat6  of  the  bones  is  a  subsalt),  and  a  small  quantity  of  fluate  of 
ime.* 

Nysten  {Loc.  cit.  and  MeckePs  Archiv,  ii.  648,)  has  investigated 
the  differences  between  the  urine  secreted  silbsequently  to  the  diges- 
tion of  food, — <<  urinachyli," — and  the  limpid,  tasteless  urine  secreted 
after  fluids  have  been  taken, — the  <<  urina  potOs;"  the  latter  he  finds 
to  contain  thirteen  times  less  urea  than  the  former,  four  times  less  of 
the  sulphates,  muriates,  and  phosphates  of  soda  and  ammonia,  and 
sixteen  times  less  lithic  acid.  Urine  secreted  during  the  existence  of 
inflammation  (peritonitis)  contained  three  times  more  urea  than  the 
urina  chyli,  more  of  the  soluble  salts,  and  a  large  quantity  of  alba- 
men,  which  is  not  a  constituent  of  healthy  urine.  In  the  cold  stage 
of  fever  the  exhalation  from  the  skin  is  diminished,  and  the  urine 

*  For  a  more  detailed  aeooant  of  the  saline  sabstanees  in  the  arine,  as  well  as 
of  ita  doabtfii]  constitaenta,  and  the  extraetire  matter  soluble  in  pure  alcohol,  see 
the  Chimie  Animate  of  Berselias.  The  yariationa  in  the  proportion  of  the  solid 
constltaenta  of  the  urine  dependent  on  the  food  hare  been  inveatigated,  withoot 
leference  to  their  chemical  nature,  by  Choaaat.  (Magendie'a  Journal,  t.  65-— 
9S6.)  On  the  aubject  of  the  urine  and  ita  aecretion  conault  MeekePa  Archiv.  iL 
699—704,  where  the  obaenrationa  of  different  authors  are  collected;  and  Dr. 
Front's  work  on  Diaeaaea  of  the  Urinary  Organs;  also  Dr.  Willia'a  woric  already 
Tsfonod  to,  Amer.  edit. 
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becomes  more  watery;  but  this  does  not  arise,  Berzelius  thinks,  from 
the  water  which  oaght  to  pass  off  by  the  skin  being  now  got  rid  of 
through  the  kidneys,  for  the  actual  quantity  of  the  urine  itself  is  less 
at  this  time.  In  the  hot  stage,  the  colour  of  the  urine  becomes 
darker;  and  the  chloride  of  silver,  which  produces  no  precipitate  as 
k>n|(  as  the  urine  preserves  its  add  reaction,  now  throws  down  a 
sediment.  As  the  fever  advances,  the  urine  becomes  more  saturated^ 
and  begins  to  afford  a  precipitate  with  alum,  and  at  last  with  nitric 
acid,  showing  an  increase  in  the  quantity  of  albumen  which  it  eon- 
tains.  {BtrzeUu^a  Chimit  Jimmak^  p.  402.)  As  the  fever  do* 
clmes,  the  free  acid  reappears  in  the  urine,  which  at  the  same  time 
deposits  a  sediment  in  cooling,  and  this  is  usually  denominated  a 
crisis  by  the  urine.  According  to  the  observation  of  Duvemoy^ 
however,  the  urine  is  acid  during  the  whole  course  of  the  fever. 
Benelius  remarks,  that  the  sediment  of  the  crisis  of  fever  is  nothing 
more  than  the  ordinary  sediment,  with  a  rather  larger  quantity  of  the 
red  colouring  matter,  and  sometimes  some  nitric  acid  in  an  unknown 
state  of  combination.  In  fevers  of  a  periodical  type  the  urine  in 
each  paroxysm  passes  through  the  three  states  just  described. 

b.  JieeideffUal  eonstiiuenis  qftht  tcrine.«-Woehler  ( TitdemaMC9 
2kit9chr\flf  L  Bandy)  has  performed  a  series  of  careful  experiments 
relative  to  the  passage  of  substances  from  the  intestinal  canal  into 
the  urine.    The  following  are  the  results  which  he  obtained: 

1.  Matters  which,  when  taken  into  the  stomach,  cannot  afterwards 
be  detected  in  the  urine:  iron,  lead,  alcohol,  sulphuric  ether,  camphor, 
oil  of  Dippel,  musk,  and  the  colouring  matters  of  cochineal,  litmus, 
sap-green,  and  ancbusa  root.  After  fluids  impregnated  with  carbonic 
acid  have  been  drunk,  this  gas  cannot  be  detected  in  the  urine  in 
laiger  quantity  than  before. 

%.  Matters  which  pass  off  by  the  kidneys  after  suffering  chaags 
or  decomposition:  ferrocyanuret  of  potassium  or  prussiate  of  the 
peroxide  of  iron  and  potash  (blausaures  eisenoxydkali),  converted 
into  a  compound  of  the  same  elements  with  a  less  proportion  of 
qranogen,  or  prussiate  of  the  protoxide  of  iron  and  potash  (bla»» 
saureseisenoxydulkali);  the  compounds  of  potash  and  soda  with  the 
tartaric,  dtric,  malic,  and  acetic  acids  changed  into  carbonates;  tba 
hydrosulphuret  of  potassium  for  the  most  part  converted  into  sul* 
pbate  of  potash;  sulphur  in  the  state  of  sulphuric  acid,  and  sul- 
phuretted hydrogen;  iodine  in  the  state  of  a  hydriodate;  and  the 
oxalic,  vinic,  gal&,  sucdnic,  and  benzoic  acids  in  combination  with 
aUcalies.  Hence  the  inutility  of  giving  acids  as  remedies  for  cal- 
dildus  disorders. 

3.  Matters  which  pass  unchanged  into  the  urine:  carbonate, 
ehlorate,  nitrate,  and  sulphocyanate  of  potash,  hydrosulphuret  of 
potasrium  (whidi  is  in  greater  part  decomposed),  ferrocyanuret  of 
potassium  with  the  smaller  proportion  of  cyanogen  or  prussiate  of 
the  protoxide  of  iron  and  potash  (blausaures  eisenoxydulkali)^ 
borax,  muriate  of  baryta,  silicate  of  potash,  tartrate  of  nickel  and 
potash,  and  many  colouring  matters,  such  as  those  of  soluble  indigo, 
or  sulphate  of  indigo,  gamboge,  rhubarb^  madder^  logwood,  nd 
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beet,  whortleberries,  mulberries,  cherries;  man^  odoriferous  matters 
also,  in  part  changed,  such  as  oil  of  turpentine  (producing  the  odour 
of  violets  in  the  urine),  the  odorous  principles  of  juniper,  valerian, 
assafoetida,  garIic,'castor,  saffron,  opium,  the  intoxicating  principle  of 
the  agaricus,  muscarius,  and,  in  the  state  of  disease,  fatty  oil. 

All  substances  excreted  with  the  urine  must  be  in  solution,  they 
cannot  be  in  the  state  of  granules.* 

The  matters  which  do  not  pass  off  with  the  urine  are  either  elimi- 
nated from  the  system  in  other  ways, — for  instance,  by  exhalation 
from  the  surface,  as  is  the  case  with  camphor, — or  reduced  to  an 
insoluble  condition  in  the  intestinal  canal  itself.  Woehlcr  directs 
attention  to  the  fact,  that  the  salts  which  are  excreted  with  the  urine 
generally  increase  the  action  of  the  kidneys.  Many  other  medicines 
which  are  called  diuretics,  such  as  digitalis,  are,  he  observes,  termed 
so  incorrectly;  thus  the  action  of  digitalis  consists  in  the  removal  of 
the  cause  of  dropsy,  the  fluid  being  then  carried  off  in  the  usual 
way;  so  that  it  is  not  more  a  diuretic  than  quinine  given  for  the 
relief  of  the  dropsies  which  are  produced  by  intermittent  fever. 

The  office  of  the  kidneys,  according  to  Woehler's  researches,  does 
not  merely  consist  in  the  excretion  of  urea  and  lithic  acid;  but  that 
all  soluble  and  other  matters  which  are  not  gasiform  and  do  not 
suffer  decomposition  in  the  system,  and  more  especially  the  super- 
fluous water,  are  got  rid  of  by  means  of  them.  If  the  excretion  of 
water  by  the  kidneys  is  lessened  on  account  of  that  fluid  being  de- 
posited in  other  parts  of  the  body,  as  in  dropsy,  the  urine  acquires  a 
deeper  colour,  which  indicates  merely  that  less  water  is  excreted. 

The  carbonates  of  the  alkalies  taken  by  the  mouth  render  the 
urine  alkaline,  and  dissolve  the  lithic  acid;  their  exhibition  is  a  tole- 
rably certain  means  of  counteracting  the  lithic  acid  diathesis;  the 
vegetable  acids  and  their  salts  with  the  alkalies,  being  converted 
into  alkaline  carbonates  in  their  passage  through  the  body,  they  may 
likewise  be  used  with  effect  for  the  same  purpose.  This  plan  of 
treatment  is,  however,  only  applicable  in  cases  of  gravel,  or  when 
the  calculi  are  small;  for  when  there  are  large  stones  in  the  bladder, 
an  alkaline  state  of  the  urine  renders  the  earthy  phosphates  insoluble, 
and  may  cause  them  to  be  deposited  as  a  new  crust  around  the 
original  calculus.     {JVoehleVy  loc.  cit.  p.  317.) 

The  excretion  of  superfluous  water  from  the  blood  by  the  kid-, 
neys  appears  to  take  place  with  extreme  rapidity,  nearly  keeping 
pace  with  the  absorption  of  watery  fluids  from  the  other  parts  of 
the  body  into  the  blood,  which  is  thus  enabled  to  maintain  its  nori^al 
composition. 

The  time  occupied  by  the  transit  of  different  substances  from  the 
intestines  into  the  blood,  and  thence  into  the  urinary  secretion,  has 
been  mentioned  at  page  255.  Westrnmb  detected  prnssiate  of  potash 
in  the  urine  within  a  period  varying  from  two  to  ten  minutes  from 
the  time  of  its  introduction  into  the  stomach.     Stehberger  {Tiede- 

*  I  have  already  expressed  mj  disbelief  Id  pus  being  separated  from  the  blood 
by  secretion  from  the  kidneys. 
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mannas  ZeiUehri/tj  ii.  47)  has  institiited'^experiments  with  reference 
to  this  question  in  a  boy^  who  had  inversio  vesicae.  The  following 
are  the  results: — 


T%me  at  which 

Name  of  SkihsUmce, 

first  detected 

in  the  urine. 

Madder  ader  the  lapse  of 

15  min. 

Indigo 

.    15 

Rhubarb       .   ^    . 

20 

GalKoacid       .'        .        .        . 

.    20 

Deeootioo  of  logwood  . 

25 

Coif  |»rtDciple  of  whortleberriefi 

.    30 

••            **          black  cherries 

45 

Attriof  ent  principle  of  ura  nrsi 
PoJp  (n  cassia  fistula 

.    45 

55 

Ferrocyanuret  of  potassium 

.    60 

Inspissated  juice  of  elder 

75 

THme  at  which  it 
was  excreted  in 
greatest  quantity, 
1  hour    . 

.  I*    . 
.  sj    .  ■ 

H 

.    3 

•1*  '. 

.    0 


anfme  «l  which 
it  ceased  to  be 
perceptible, 
9  hoort. 
.    4) 

H 

.  n 

.        6| 

•  H 

.      24 
.    3| 


The  urine  collects  in  the  urinary  bladder,  the  sphincter  of  which^ 
like  that  of  the  anus,  is  ordinarily  in  a  state  of  contraction.  When 
the  quantity  of  the  urine  has  increased  to  a  certain  degree,  the 
action  of  the  sphincter  becomes  feeble,  and  contractions  of  the 
fundus  of  the  bladder  take  place.  The  expulsion  of  urine  may^ 
however,  be  opposed  at  will  by  means  of  the  musculus  pubo- 
urethraUs,  (Wilson's  muscle,)  and  perhaps  likewise  by  a  voluntarily 
increased  contraction  of  the  sphincter.  The  voluntary  expulsion  of 
the  urine  is  effected  by  the  simultaneous  action  of  the  diaphragm 
and  abdominal  muscles,  which  diminishes  the  capacity  of  the  ab- 
dominal cavity.  The  contractions  of  the  urinary  bladder  are  not 
always  subject  to  the  will ;  but,  nevertheless,  when  the  bladder  is 
affected  by  the  gradually  increased  stimulus  of  the  accumulated 
urine,  we  seem  to  acquire  some  voluntary  influence  over  it. — Erec* 
tion,  and  the  act  of  expulsion  of  the  urine,  are  here  excluded  froin 
consideration.  Paralysis  of  the  lower  part  of  the  spinal  cord  is 
attended  with  incontinence  of  urine. 


SECTION  IV. 


OF   NUTBITION   AND   OBOWTH. 


CHAPTER  L 

Of  Nutrition. 

a.  Of  the  nutritive  process, — The  process  of  nutrition  is  not  an 
object  of  microscopic  observation.  The  arrest  of  red  particles  of 
the  blood  in  the  capillaries,  and  their  union  with  the  substance  of 
the  part,  described  by  Doellinger  and  Dutrochet,  I  have  never 
seen;  and  the  theory,  that  nutrition  is  effected  by  the  direct  union  of 
the  red  particles  of  the  blood,  or  of  their  nuclei,  with  the  tissues,  is, 
in  my  opinion,  decidedly  erroneous.  The  perfection  at  which  micro- 
40 
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metry  has  arrived,  and  the  use  of  good  instruments,  have  made  us 
now  so  well  acquainted  with  tlie  physical  properties  of  the  organie 
tissues,  that  we  are  enabled  to  refute  the  above  theory,  by  merely 
comparing  with  precision  the  size  of  different  parts. 

Microscopic  examinations,  if  intended  to  serve  as  the  basis  for 
scientific  researches  and  comparisons,  must  not  consist  merely  in  the 
direct  measurement  of  each  object;  a  much  more  important  and 
essential  mode  of  investigation  is  the  comparison  of  the  object  to  be 
measured  with  some  other  body  that  can  be  taken  as  a  standard. 
Thus,  for  instance,  in  measuring  the  size  of  the  muscular  or  nervous 
fibrils,  they  should  be  placed  under  the  microscope,  together  with 
red  particles  of  human  blood,  and  both  should  then  be  observed  at 
the  same  time.  The  admeasurements  of  the  red  particles  of  human 
blood,  as  stated  by  Eater,  Wollaston,  Prevost  and  Dumas,  Weber, 
Wagner,  and  myself,  agree  so  nearly,  that  their  diameter  may  with 
great  certainty  be  stated  at  ^^  of  an  inch  English.  We  have  thus 
a  certain  standard  of  measurement.  As  standards  of  comparison,  I 
employ  the  red  particles  of  human  blood,  easily  obtained  by  slightly 
scratching  the  skin,  those  of  frog's  blood  which  are  about  four  times 
larger  in  diameter,  and  the  nuclei  of  these  latter  bodies,  obtained 
by  the  action  of  acetic  acid,  which  measure  about  ^th  or  id  the 
long  diameter  of  the  entire  red  particle.  We  have  already  seen,  (at 
pages  20-21,)  that  the  ultimate  fibres  of  muscles  and  nerves  do  not 
correspond  in  size  either  with  the  red  particles  or  their  nuclei. 
Moreover,  the  nuclei  of  the  red  particles  of  the  frog's  blood  are 
not  globular  but  elliptic  in  form,  and  those  of  the  red  particles  of 
the  salamander's  blood  are  even  flattened.  How,  then,  can  they 
compose  the  ultimate  fibres  of  nerves  and  muscles?  We  shall  see 
that  the  form  of  these  tissues  affords  no  grounds  for  such  an  opinion. 
And  the  recent  observations  of  Schwann  and  others,  on  the  mode 
of  growth  of  all  the  elementary  parts  of  the  body,  prove  it  to  be 
incorrect. 

The  most  minute  capillary  vessels  do  not  ramify  upon  the  primi- 
tive fibrils  of  nerves  and  muscles;  these  fibrils  are  too  fine  to  receive 
vessels,  and  are,  in  fact,  more  minute  than  the  capillary  vessels  them- 
selves, which  measure  from  ^y'^^  to  j^Vt  of  an  English  inch  in  dia- 
meter. Nutrition,  therefore,  must  be  effected  through  the  coats  of  the 
capillary  vessels,  and  the  process  consists  in  the  fluid  parts  of  the 
blood  permeating  the  parietes  of  the  capillaries,  while  the  solid  par- 
ticles are  visibly  carried  onwards  into  the  veins.  The  most  important 
materials  for  nutrition  are  the  albumen  and  fibrin  dissolved  in  the 
liquor  sanguinis.  A  portion  of  these  matters  permeate  the  parietes 
of  the  capillaries,  and  are  imbibed  by  the  tissues;  and  what  is  effused 
over  and  above  the  quantity  required  for  their  nutrition,  is  taken  up 
by  the  absorbent  vessels,  and  carried  again  into  the  blood.  It  is 
here  of  importance  to  know  that  the  capillaries  really  have  solid 
parietes;  the  proofs  of  which  were  seated  at  page  224.  Nothing 
can  pass  from  the  blood  to  the  tissues,  or  from  the  tissue  to  the  blood, 
without  permeating,  in  the  fluid  state,  the  walls  of  these  vessels. 
The  hypothesis  of  the  blood  flowing  in  simple  canals  excavated  in 
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the  snbstance  of  the  organs,  appears  at  first  sight  calculated  more 
easily  to  explain  the  problem  of  nutrition,  but  is  found  on  examina- 
tion to  be  untenable.  The  permeable  parietes  of  the  capillaries  are, 
in  fact,  no  impediment  to  the  process  of  nutrition,  which  appears  to 
consist  in  matters  dissolved  in  the  blood  being  attracted  fVom  it  by 
the  ofganic  particles  contained  in  the  meshes  of  the  capillaries,  while 
at  the  same  time  the  old  materials  of  the  particles  are  returned  into 
it  Wildbrand  certainly  did  not  employ  the  microscope  when  he 
formed  his  hypothesis  of  the  metamorphosis  of  the  blood  in  the  small 
yessels. 

It  is  not  known  whether  the  parts  which  appear  to  contain  colour- 
ing matter,  as,  for  instance,  the  muscles,  derive  it  from  the  blood  by 
the  solution  of  a  part  of  the  colouring  envelope  of  the  red  particles, 
or  whether  this  matter,  which  becomes  still  more  highly  coloured  by 
the  action  of  the  atmosphere,  is  formed  in  the  muscles  themselves. 
But,  however  this  may  be,  the  red  particles  themselves  do  not  unite 
in  substance  with  the  tissues.  They  certainly  perform  some  very 
important  office  in  the  animal  economy.  In  their  passage  through 
the  lungs  they  acquire  the  bright  arterial  colour,  and  in  their  subse- 
quent transit  through  the  capillaries  of  the  body  a  reciprocal  action 
takes  place  between  them  and  the  component  particles  of  the  organs, 
by  which  they  lose  this  bright  colour,  becoming  again  of  a  dark  red; 
bat  they  still  move  on  in  a  continuous  current,  exerting  their  influ- 
ence on  the  tissues  in  their  transit  through  them,  without  being  ar- 
rested by  them.  In  each  circuit  of  the  blood,  which  occupies  less 
than  three  minutes,  they  undergo  two  changes  of  colour;  one  from 
dark  red  to  bright  scarlet  in  the  lungs,  and  another  from  scarlet 
to  dark  red  in  the  capillaries  of  the  body.  In  twenty-four  hours 
each  of  these  changes  takes  place  about  480  times.  In  their  arte- 
rialised  condition  the  red  particles  exert  on  the  organs  of  the  body, 
and  especially  on  the  nerves,  a  stimulating  action,  which  is  essen- 
tial to  life,  but  which  is  a  very  different  thing  from  contributing  new 
notritive  matter.  Dutrochet  believed  that  the  red  particles  have 
peculiar  electric  properties,  an  opinion  which  we  have  elsewhere 
refuted.  The  colourless  "lymph  globules''  which  are  seen  rolling 
slowly  along  the  inner  surface  of  the  capillary  vessels,  may  possibly 
serve  some  purpose  in  the  process  of  nutrition.  Prof.  E.  H.  Weber 
has  observed,  that  under  certain  circumstances  the  red  particles  of 
the  blood  circulating  in  the  capillaries  of  the  frog  or  tadpole  attach 
themselves  to  the  sides  of  the  vessels,  lose  their  red  colour,  and  then 
roll  along  the  inner  surface  of  the  capillaries  in  the  form  of  colour- 
less lymph  globules. 

In  the  process  of  nutrition  is  exemplified  the  fundamental  princi- 
ple of  the  organic  assimilation.  Each  elementary  particle  of  an 
organ  attracts  similar  particles  from  the  blood;  and,  by  the  changes 
it  produces,  causes  them  to  participate  in  the  vital  principle  of  the 
organ  itself  Nerves  form  nervous  substance,  muscles  muscular 
substance,  even  morbid  structures  have  the  assimilating  power; — 
warts  on  the  skin  grow  with  their  own  peculiar  structure;  in  an 
ulcer  the  base  and  border  are  nourished  in  a  way  conformable  to  the 


4W  TBB  wanvrvni  nowft. 

mode  of  action  and  secretion  datennined  by  the  disease;  and  the 
assimilation  of  the  nutrient  materials  of  the  blood  to  form  an  organ 
with  diseased  action  may  induce  the  destruction  of  the  life  of  the 
animal. 

The  proximate  elements  of  the  tissues  exist  in.  part  ready  formed 
in  the  blood.   The  albnmen  which  enters  into  the  composition«of  the 
brain  and  glands,  and  of  many  other  structuriss  *in  a  more  or  leas 
modified  state^  is  contained  in  the  blood;  the  fibrin  of  the  nmscles 
and  muscular  structures  is  the  coagulable  matter  dissolved  in  the 
lymph  and  blood;  the  fatty  matter  which  contains  no  azote^ exists 
in  the  free  state  in  the  chyle;  the  azotised  and  phosphoretted  fatty 
matter  of  the  brain  and  nerves  exists  in  the  blood  combined  with  the 
fibrin,  albumen,  and  cruorin.    The  iron  of  the  hair,  pigmentum 
nigrum,  and  crystalline  lens,  is  also  contained  in  the  blood;  the  silica 
and  manganese  of  the  hair,  and  the  fluor  calcium  of  the  bones  and 
of  the  teeth,  have  not  hitherto  been  detected  in  the  blood,  probably 
from  their  existing  in  it  in  too  small  proportion.    The  matters  here 
enumerated  are  in  part  attracted  from  the  blood  in  the  state  in  which 
they  afterwards  exist  in  the  organs;  while  in  other  instances  their 
ultimate  elements  are  newly  combined,  so  as  to  form  new  proximate 
principles.    The  opinion  that  all  the  component  elements  of  the 
organs  exist  previously  in  the  blood  in  their  perfect  state,  cannot 
possibly  be  adopted:  the  components  of  most  tissues  in  fact  present, 
besides  many  modifications  of  fibrin,. albumen,  fat,  and  osmazome, 
other  perfectly  peculiar  matters,  such  as  the  gelatine  of  the  bones, 
tendons,  and  cartilages, — nothing  analogous  to  which  is  contained  in 
the  blood    The  substance  of  the  vascular  tissue,  and  the  difiarent 
glandular  substances,  cannot  be  referred  to  any  of  the  simple  com- 
ponents of  the  blood.    Even  the  fibrin  of  muscle  cannot  be  consi- 
dered as  exactly  identical  with  the  fibrin  of  the  liquor  sanguinis. 
For  between  coagulated  fibrin  and  coagulated  albumen  there  is 
scarcely  any  chemical  difference,  except  in  their  action  on  peroxide 
of  hydrogen;  and  the  only  very  important  distinction  between  the 
fibrin  dissolved  in  the  blood  and  the  albumen  is,  that  the  former 
coagulates  as  soon  as  it  is  withdrawn  from  the  animal  body,  while 
the  latter  does  not  coagulate  spontaneously,  but  requires  a  heat  of 
from  158^  to  167^  Fahr.,  or  some  chemical  agents,  such  as  acids, 
concentrated  solutions  of  fixed  alkali,  or  metallic  salts;  while  the 
fibrin  of  muscle  has  in  its  chemical  characters  scarcely  a  greater 
analogy  with  coagulated  fibrin  than  with  coagulated  albumen,  and 
in  its  vital  properties  differs  from  both.    The  comparison  of  nervous 
substance,  again,  with  albumen  and  fatty  matter  containing  nitrogen 
and  phosphorus,  is  only  justified  by  the  present  imperfect  state  of 
organic  chemistry. 

Assimilation,  then,  does  not  consist  merely  in  the  component  par- 
ticles of  the  organs  attracting  the  fibrin,  albumen,  and  other  materials 
of  the  blood  which  flows  through  them,  adding  to  themselves  the 
matters  similar  to  their  own  proximate  principles,  and  changing  the 
composition  of  those  which  are  dissimilar;  but  the  assimilating 
particles  must  infuse  into  those  newly  assimilated  their  own  vital 
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Iiroperties.  Organs  may  increase  in  size,  independently  of  assimi- 
atioD;  thus,  in  inflammation,  the  albumen  and  fibrin  of  the  blood 
accumulate,  unassimiiated,  between  the  particles  of  the  tissues;  and 
this  sufficiently  marks  the  distinction  between  inflammation  and 
hypertrophy,  or  increased  nutrition.  In  the  pregnant  state,  the  con- 
tractile-tissue of  the  uterus  increases  in  bulk  by  the  addition  of  real 
contractile  particles,  duly  assimilated  to  the  original  tissue,  but  ia 
iDflammation  of  the  uterus  nothing  of  this  kind  is  observed.  In  in- 
flammation the  assimilsiting  power  is  arrested,  the  fibrinous  fluid  of 
the  blood  exudes  through  the  membranes,  or  collects  in  the  interstices 
of  the  tissue  of  the  organs:  and  this  matter,  therefore,  which  increases 
the  volume  of  the  inflamed  organ  is  the  same,  whatever  the  organ 
may  be;  while  in  the  process  of  nutrition,  the  components  of  the 
blood  assimilated  by  the  diflerent  tissues  are,  in  each  case,  differently 
modified  and  changed.  Inflammation,  consequently,  is  not  an  in- 
creased degree  of  the  plastic  or  nutritive  process.  From  these  con- 
siderations, too,  it  is  easy  to  understand  why  a  stimulus  which 
promotes  the  action  of  an  organ,  is  very  diflerent  from  one  which 
excites  inflammation.  As  an  argument  supporting  the  incorrect 
opinion  that  inflammation  is  an  exaggeration  of  the  nutritive  process, 
it  has  been  urged,  that,  during  the  continuance  of  inflammation. in  a 
wound,  new  substance  is  formed.  But  the  formation  of  new  orga- 
nised substance  in  this  case  is  due  to  the  action  of  the  vis  medicatrix; 
while  the  surface  of  the  wound  being  subject  to  constant  irritation 
until  cicatrisation  is  perfected,  necessarily  continues  to  be  aflected 
with  inflammation.  In  inflammation,  as  well  as  in  simple  hyper- 
trophy, the  matter  efl'used  by  the  vessels  becomes  to  a  certain  extent 
or^nised.  Nncleated  globules  or  cells,  which  have  been  called 
<*  exudation-corpuscules,''  soon  appear  in  it.  These  cells  may 
undergo  no  further  transformation,  and,  with  the  fluid  in  which  they 
are  contained,  may  constitute  pus,  or  they  may  become  converted 
into  bundles  of  fibres  in  the  same  manner  that  the  fibres  of  cellular 
tissue  are  normally  developed  from  cells.  But  the  tissue  which  is 
thus  produced  appears  to  be  always  the  same,  in  whatever  structure 
or  organ  the  inflammation  may  be  seated.  Its  formation  is  the  cause 
of  the  enlargement  and  induration  of  organs  which  have  been  in- 
flamed; and  the  tissue  of  cicatrices  is  of  the  same  nature.  In  parts 
which  are  undergoing  hypertrophy,  on  the  other  hand,  though  the 
nutritive  matter  efi'used  assumes  first  the  form  of  nucleated  cells, 
each  tissue  exerts  a  diflerent  assimilating  influence  on  it,  and  causes 
the  transformation  of  the  cells  into  tissue  of  its  own  kind,  and  not 
into  mere  fibrous  or  cellular  tissue.* 

There  are  several  substances  which  are  known  to  diminish  the 
activity  of  the  assimilating  process,  by  efiecting  a  change  in  the  com- 
position either  of  the  organ  or  of  the  blood.  Iodine,  for  example, 
when  its  use  is  long  continued,  has  a  remarkable  efiect  in  dimin- 
ishing nutrition.  The  neutral  salts,  mercurial  medicines,  tartarised 
antimony,  and  other  substances,  have  the  same  efi'ect  on  the  system. 
The  immediate  action  of  these  substances  is  partly  to  produce  a 
change  in  the  blood,  as  is  evident  in  the  case  of  the  cooling  salts, 
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which  when  added  to  th6  Uood^  ^iFen  ant  of  the  bodf,  deprire  it  of 
lie  property  of  ooagalating,  of  ooane  by  a  change  produced  in  Iho 
filmn;  and  it  k  on  this  aocoont  that  these  substances  are  of  impoilp 
aooe  in  checking  inflammation* 

The  drcnlating  fluids — the  chyle  and  blood,  sometimes  acquire  aa 
abnormal  composition,  either  from  the  new  nutrient  matters  fron 
which  they-  are  formed  not  baring  their  natural  hodthy  compositioBy 
or  in  consequence  of  the  operation  of  an  inoculated  Tims,  as  that  of 
syphilis.  In  all  these  cases,  in  which  the  cvculating  fluids  are  die- 
eased,  nutrition  also  sufiisrsp  Depositions  of  morbid  matter,  inflam^ 
nations,  and  sores,  occur,  as  in  scrofula,  gout,  lepra,  herpes,  scurvy, 
syphilis,  &a  All  tbediieases  here  enumerated,  although  Tery  diiP> 
nient  in  themselves,  have  the  common  character  of  manifesting 
themselves  by  the  secretion  of  morbid  matters  on  the  skin,  by  erup- 
tions and  sores  of  the  surface,  frequently  by  ulcers  of  the  mucous 
membranes,  and  in  extreme  degrees  by  morbid  afiections  of  the  bones. 
Several  medicines  which  themselves  have  the  power  of  modifying 
the  assimilating  process,  (see  the  observations  on  alteratives,  p.  68,) 
andrwhich,  when  long  used,  also  produce  ulcers  and  diseases  of  the 
bones,— ^mercury  and  antimony,  for  instance, — are  sometimes- of 
ssrvice  in  such  diseases,  not  on  the  principle  that  simiHa  HmUUnu 
eurantUTf  but  because  they  produce  such  an  alteration  in  the  com^ 
position  of  the  tissues,  that  the  affinities  already  existing  are  annulled 
and  new  ones  induced,  so  as  to  enable  the  vital  principle — the  power 
which  determines  the  constant  reproduction  of  all  parts  in  conformity 
with  the  original  type  of  the  individual — to  effect  the  further  resto^ 
ration  and  cure:  the  medicines  themselves  do  not  complete  the  coie. 
In  several  of  the  diseases  in  which  the  fluids  of  the  body  are  in  a 
morbid  condition,  the  lymphatic  system—- the  absorbent  vessels  and 
glands — is  likewise  particularly  liable  to  suffer.  Regarding  this  sys^* 
tern  in  the  ordinary  way  as  merely  intended  for  absorption,  it  is 
difficult  to  understand  why  it  should  be  implicated  in  many  of  these 
diseases,  particularly  in  scrofula.  But  when  it  is  known  that,  the 
lymph  is  almost  identical  with  the  liquor  sanguinis,  both  containing 
fibrin  and  albumen  in  solution,  and  that  the  lymphatics  remove  from 
the  tissues  that  portion  of  the  liquor  sanguinis  effused  into  them  for 
the  purpose  of  nutrition,  which  exceeds  the  quantity  necessary  for 
this  object,  while,  moreover,  they  have  a  great  share  in  the  conver- 
sion of  the  albumen  into  fibrin,  it  is  easy  to  conceive  that  a  change 
in  the  composition  of  the  liquor  sanguinis^  causing  irritation  and 
inflammation  in  the  capillaries,  must  also  excite  irritation  in  the 
lymphatics, — the  fluid  which  circulates  in  them  being  the  same.  All 
the  other  substances  contained  in  solution  in  the  blood,  besides  the 
albumen  and  fibrin, — the  salts,  for  example, — and  their  morbid  com- 
position, must  also  have  great  influence  on  the  state  of  the  lym- 
phatics. When  it  is  not  so  much  the  fluid  ingredients  of  the  blood 
that  are  morbidly  changed,  as  the  cruor  or  red  particles,  which  do 
not  enter  the  lymphatic  vessels,  as,  for  example,  in  scurvy,  these 
vessels  and  their  glands  present  less  evident  appearances  of  disease. 
The  foregoing  remarks  are  sufficient  to  show  that  the  future  study  of 
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the  m^bid  states  of  the  fluids  of  the  body  will  find  a  sarer  basis  in 
the  analysis  ef  the  lymph  and  blood  which  we  have  offered,  than  in 
the  older  notions  regarding  these  fluids. 

The  nutrition  of  all  parts  of  the  body  in  conformity  with  the  origi- 
nal.type,  presupposes  the  persistence  of  that  power  which  originally 
produced  all  the  distinct  parts — all  the  organs — as  <<  members  of  one 
whole/'  as  parts  necessary  to  our  idea  of  the  being,  and  which  is 
present  in  the  germ  before  any  distinct  organs  are  formed,  while  the 
animal  exists  merely  <<  potentially/'  (Seepage  31.)  Nutrition,  then, 
is  the  continued  reproduction,  as  it  were,  of  all  parts  of  the  animal 
by  this  internal  power:  but  in  the  adult  the  reproduction  can  be 
effected  only  by  the  process  of  assimilation,  that  is,  by  the  union  of 
new.  matter  with  the  assimilating  parts;  while  in  the  embryo,  in 
which  no  organised  <«  groundwork''  as  yet  exists,  the  parts  are 
formed— their  "groundwork"  is  in  fact  created — by  the  formative 
power  which  is  still  undivided.  For  although,  until  the  whole  body 
perishes,  all  the  organs  are  directed  by  one  formative  principle, 
which  produces  the  concurrent  action  of  all  assimilating  tissues;  and 
the  operation  of  which  we  admire,  as  the  vis  medicairix  naturm,m 
the  correction  of  the  subtle  material  changes  which  are  induced  by 
diseases;  yet  organised  parts  of  the  body  once  formed  cannot  in  most 
cases,  if  wholly  destroyed,  be  again  restored  by  this  power. 

In  some  diseases  there  is  such  a  morbid  formation  of  the  animal 
matter,  that  the  assimilation  of  the  fluids  to  form  the  natural  elemen- 
tary tissues  of  organs  is  in  certain  parts  of  the  body  wholly  arrested; 
and,  on  account  of  the  predominance  of  abnormal  affinities,  non- 
analogous  tissues,  such  as  cancer  and  medullary  fungus,  are  formed. 
Hfe  is  atiended  with  a  constant  change  of  the  material  of  the 
body. — This  is  proved  by  new  nutriment  being  required  in  propor- 
tion to  the  quantity  of  the  excretions.  The  question,  however,  pre- 
sents itself— Do  the  components  of  the  fluids  merely  undergo  this 
change,  or  are  the  particles  of  the  organised  tissues  also  renewed? 

1.  Renewal  qf  the  material  of  thefluids.-^h  is  most  natural  to 
suppose  that  the  change  of  material  takes  place  primarily  in  the  fluids 
of  the  body,  and  that  the  fluids  only  are  implicated  in  the  change  by 
which  several  pounds  of  nutriment  are  received  daily  in  place  of 
several  pounds  of  decomposed  matters,  which  are  expelled  in  the 
cutaneous  transpiration,  in  respiration,  with  the  urine,  and  other  ex- 
cretions, and  that  the  solids  themselves  have  little  share  in  it.  The 
fluids,  while  they  maintain  the  life  of  the  body,  are  constantly  under- 

King  decomposition,  and  in  this  respect  the  animal  machine  might 
compared  with  other  machines, — for  example,  with  the  steam- 
engine,  which  requires  a  certain  quantity  of  fuel  for  the  generation 
of  the  steam,  on  which  its  action  depends.  There  is  no  doubt  that 
the  change  of  material  takes  place  to  the  greatest  extent  in  the  fluids; 
it  is,  indeed,  sufficiently  proved  by  the  fact  that  the  excretion  of  urine 
takes  place  at  very  long  intervals  in  reptiles— tortoises,  for  instance 
—which  are  kept  without  food.  It  may  be  supposed  that  the  partial 
decomposition  which  the  fluids  suffer  in  the  performance  of  their 
function  of  supporting  life,  renders  necessary  the  excretion  of  the 
decomposed  matters,  and  the  supply  of  new  nutriment. 
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%.  Senewal  qf  the  material  ^  the  arganieed  mKA.— There  are 
many  pheoomena  which  it  appears  difficult  to  reconcile  with  the 
idea  of  the  renewal  of  the  animal  matter  in  the  organised  solids;^ 
for Bxample,  the  preservation  of  past. ideas,  which  are  the  result  of 
oertain  impressions  made  upon  the  sensorium.  Organic  change  of 
the  sensorium  produces  change  or  diminution  in  number  of  the  im- 
presmons  previously  accumulated,  and  annuls  the  faculty  of  recalling 
siilgle  chains  of  ideas,  such  as,  for  example,  the  memory  of  the 
structure  of  languages,  and,  as  it  appears,  even  of  particular  parts 
of  speech, — substantives,  proper  names,  &c, — the  remembrance  of 
osrtaiQ  places,  and  of  certain  periods  of  past  life.  How,  now,  can 
the  existence  of  memory, — the  intellectual  life  of  man, — as  a  state 
resulting  from  past  development,  be  imagined,  if  a  great  change  in 
the  materials  composing  the  brain  and  nerves  is  admitted  to  take 
phice?  This  ditficulty,  however,  is  got  rid  of,  .if  we  suppose  the 
operations  of  the  mind  to  be  independent  of  changes  in  the  cerebral 
sttbstance.  On  the  other  hand,  we  are  certainly  destitute  of  prooft 
that  any  rapid  change  of  material  takes  place  in  the  brain.* 

In  most  parts,  the  nerves  excepted,  there  are  many  unequivocal 
signs  of  the  change  of  material;  and  the  bones  themselves,  which 
at  first  sight  appear  the  most  fixed  and  stable  parts  of  the  K>odyy 
nevertheless  exhibit  such  distinct  traces  of  renewal  of  their  materia!, 
as  seem  to  prove  that  this  process  is  not  limited  to  the  fluids  of  the 
body,  but  is  a  phenomenon  which  prevails  extensively  even  in  the 
organised  solids.  Among  the  evidences  of  the  renewal  of  the  ma- 
terial of  bones  ore  the  formation  of  the  cells,  the  development  of  the 
frontal  and  sphenoidal  sinuses  in  childhood,  the  absorption  of  bones 
under  the  pressure  of  swellings,  the  absorption  of  the  alveoli  of  the 
jaws,  and  the  thinning  of  the  cranial  hopes  in  old  age,  &c.  The 
enlargement  of  the  cavities  of  the  bone,  with  enlargement  of  the 
whole  bone  itself,  and  indeed  the  mere  growth  of  so  solid  a  body  by 
interstitial  assimilation,  and  the  changes  that  its  form  undergoes 
during  growth,  are  not  conceivable  without  a  constant  removal  of 
osseous  particles  from  certain  parts,  and  the  deposition  of  similar 
particles  at  other  parts,— consequently  not  without  a  change  of  ma- 
terial. In  other  parts  of  the  body  the  proofs  of  the  renewal  of  the 
substance  are  less  evident.  Such  proofs,  however,  are  found  in  the 
constant  decomposition  on  the  surface  of  a  fungoid  growth,  such  as 

•  The  large  supply  of  blood  which  the  brain  receives,  however,  renders  it  rery 
probable  that  its  component  matter  does  undergo  a  rapid  change.  The  quantity 
of  blood  sent  to  any  part  of  the  body  seems  to  be  proportioned  to  the  activity  of 
the  organic  chemical  changes,  of  which  it  is  the  seat;  and,  where  neither  seers- 
tion  nor  the  formation  of  new  substance  is  taking  place,  we  most  suppose  the 
supply  of  nutritive  fluid  to  be  destined  to  replace,  by  new  material,  the  decom- 
posed effete  particles.  And,  in  accordance  with  this  supposition,  it  is  found  that, 
cmkru  parimu^  the  parts  of  the  body  which  most  readily  undergo  deoompositton 
after  death,  as  the  cerebral  substance  and  muscles,  receive  the  largest  supply  of 
blood  during  life;  and,  on  the  other  hand,  that  the  most  indeconiposible  struc- 
tures, as  the  teeth  and  homy  textures,  are  not  only  destitute  of  vessels,  but 
are  little  capable  of  imbibing  the  nutritive  fluids  from  other  vascular  tissues.-^ 
TrantkUor, 
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fangus  haematodes,  concurrently  with  its  reproduction^ — in  the 
wasting  of  the  solids  of  the  body  during  abstinence  from  food^  in 
atrophy,  and  in  several  chronic  diseases, — and  in  the  growth, 
change  of  form,  and  wasting  of  tumours  and  warts,  and  their  fre- 
quently rapid  reproduction  after  previous  wasting.  The  parts  re- 
moved in  these  cases  must  be  received  either  into  the  blood-vessels 
or  into  the  lymphatics,  when  these  latter  vessels  exist  in  the  part. 
It  would  be  incorrect,  however,  to  regard  the  lymphatic  absorption 
as  the  mere  resumption  of  the  previously  organised  particles  of  the 
solids  into  the  fluids,  and  the  lymph  consequently  as  a  mere  solution 
of  the  solids;  for,  if  we  except  its  globules,  the  lymph  consists,  as 
we  have  seen,  of  liquor  sanguinis,  and  is  derived  from  the  part  of 
that  fluid  which  is  effused  into  the  tissue  of  the  organ,  and  is  not 
required  for  nutrition. 

The  exchange  of  old  for  new  matter  in  the  solids  of  the  body 
might  be  presumed,  without  other  evidence,  from  the  constant 
changes  which  are  taking  place  in  the  form  of  parts.  From  child- 
hood upwards  the  organs  are  continually  changing  their  form,  and 
this  change  in  the  form  of  the  whole  organ  can  only  be  efiected  by 
means  of  a  change  in  the  minute  elementary  particles  of  which  it  is 
composed.  It  may  be  imagined  that,  in  this  change  the  particles 
absorbed  are  taken  up  into  the  blood,  and  are  soon  employed  again 
for  the  purpose  of  nutrition  at  other  points.  But  it  still  remains  for 
us  to  inquire,  whether  there  does  not  exist  a  process  of  renewal  of 
the  constituent  matter  of  organs,  in  which  the  old  and  decomposed 
materials  are  taken  up  into  the  blood  for  the  purpose  of  being  ex- 
pelled from  the  body.  Unfortunately,  the  only  facts  that  we  are  in 
possession  of  by  which  this  question  can  be  determined,  are,  the  ter- 
mination of  life  generally,  and  the  certainty  that  in  old  age  the  a&- 
cnmulation  of  useless  elements  in  the  tissues  is  constantly  increasing, 
that  the  quantity  of  animal  matter  in  the  bones  diminishes,  and 
that  calcareous  matter  is  deposited  in  the  coats  of  arteries  and 
other  parts.  D'Outrepont^  supposes  that  life  itself  is  attended  with, 
and  is  the  mere  result  of  a  constant  exchange  of  material  in  the 
fluids  and  organised  solids.  It  has  already  been  shown  that  life 
is  attended  with  a  constant  decomposition  of  the  material  of  the 
body.  Every  action  produces  a  change  in  the  composition  of  the 
active  part,  and  excites  a  call  for  the  restoration  of  the  natural  com* 
position,  which  is  gradually  efiected  during  the  state  of  rest.  It 
appears,  therefore,  really  that  even  the  organised  solids  undergo  a 
gradual  decomposition  of  their  component  particles,  which  is  in- 
separable from  their  state  of  action,  and  which  itself  induces  reno* 
Tation. 

In  the  Prolegomena  on  General  Physiology  I  have  stated  all  that 
is  known  respecting  the  balance  which  subsists  between  the  destruc* 
tion  of  material  produced  by  the  state  of  action  and  the  succeeding 
xenovation;  but,  unfortunately*  such  delicate  relations  cannot  be 

*  Diss,  de  perpetua  materiel  organico-animalis  viciss.    Hal.  1798.    Reil's 
Aiehiv.  iv.  460. 
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subjected  to  calculation.  We  have  here  only  very  imperfect  data, 
such  as  the  fatigue  afteraction,  and  the  necessity  for  a  large  quantity 
of  stronger  nourishment  after  great  mental  or  muscular  exertion; 
while,  on  the  other  hand,  the  permanence  of  certain  colouring  mat- 
ters introduced  into  the  skin,  points  out  a  limit  to  the  process  of 
absorption  and  renovation.  Within  these  limits,  too,  the  indications 
of  the  renewal  of  the  substance  of  the  organised  solids  are  of  very 
various  degrees  of  distinctness:  we  may  instance,  for  example,  the 
frequently  quick  disappearance  of  warts  from  the  skin;  the  rapid  ab- 
sorption of  bones,  and  their  rapid  union  after  fracture;  further,  the 
very  gradual  reduction  of  a  shapeless  callus  to  a  form  corresponding 
more  nearly  to  the  natural  outline  of  the  bone,  during  which  process 
the  cavity  of  the  bone  is  restored  at  the  point  of  fracture,  some- 
times after  the  expiration  of  months;  while  the  difficulty  with  which 
specks  of  the  cornea  are  removed,  shows  us  how  the  inactivity  of 
the  renovating  process  here  corresponds  to  the  paucity  of  blood- 
vessels. 

The  exchange  of  material,  lastly,  is  most  considerable  in  youth, 
and  diminishes  more  and  more  as  age  advances. 

b.  Chemical  composition  and  form  of  the  organised  iissues.^^ 
The  formation  and  development  of  these  tissues  has  been  already 
described,  agreeably  to  the  recent  discoveries  and  views  of  Schleiden 
Schwann,  Chap.  I.  Book  I.  Their  chemical  composition  in  additioa 
to  that  given  at  p.  115,  et  seq,y  will  be  more  appropriately  noticed 
when  speaking  of  their  functions. 

c.  Influence  of  the  nerves  on  nutrition* — We  are  still. much  in 
the  dark  concerning  the  influence  of  the  nerves  on  nutrition.  AfTeo- 
tions  of  the  brain  and  spinal  cord  producing  paralysis  sometimes 
leave  the  nutritive  functions  quite  unaffected.  In  many  instances, 
on  the  other  hand,  the  paralysed  parts  waste  and  lose  their  firmness; 
and,  what  is  especially  indicative  of  the  influence  of  the  nerves  on 
nutrition,  injuries  of  such  parts  are  very  liable  to  be  followed  by 
gangrene.  Schroeder  van  der  Kolk  has  observed  that  in  some  cases 
the  muscular  substance  is  converted  into  fat  and  the  arteries  are 
ossified. 

In  the  embryo,  the  nutritive  process  is  remarkably  independent  of 
the  brain;  for  the  nutrition  of  anencephalous  monsters  is  by  no  means 
defective,  and  their  development  up  to  the  period  of  birth  is  perfect. 
But,  where  any  particular  nerves  have  been  deficient,  the  parts  cor- 
responding to  them  have  likewise  always  been  absent;  and  where  any 
organ  is  wanting,  there  is  always  a  corresponding  absence  of  the 
nerves.  Tiedemann  {Zeitschrift  f  PhysioL  i.  76,)  has  in  three  cases 
observed  absence  of  the  olfactory  nerves  coincident  with  an  imper- 
forate state  of  the  cribriform  plate  of  the  ethmoid  bone  and  cleft 
palate.  Absence  of  the  eyes  is  attended  with  absence  of  their  nerves. 
Mayer  ( TYecfemann'*  Zeitschrift.  ii.  41,)  has  described  a  monster  in 
which  the  lower  extremities  were  present,  with  the  exception  of  the 
absence  of  two  toes  on  the  left  foot,  but  in  which  the  urinary  ap- 
paratus was  absent  and  the  generative  organs  were  imperfect;  and 
here  the  cauda  equina  was  also  very  imperfectly  developed,  ceasing 
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aliraptly  opposite  the  twelfth  dorsal  Tertebiray  while  the  tierces  of  the 
lower  extremities  were  present.  In  several  imperfectly  developed 
monsters  the  nerves  have  beeasaid  to  be  wholly  wanting;  but  this 
assertion  may  with  tolerable  certainty  be  attributed  to  the  difficultv 
aod  inaccuracy  of  the  examination.  In  acephalous  monsters  which 
consisted  of  one  extremity  merely,  a  ganglionic  nervous  mass  has 
been  found,  from  which  the  nerves  of  the  extremity  arose,  and  which 
mti8t.be  regarded  as  the  rudiment  of  a  spinal  cord. 

'  The  reciprocal  dependence  of  the  organs  and  nerves  on  each  other 
may  be  observed  very  clearly  in  the  metamorphoses  of  insects,  and 
of  the  amphibia.  Thus,  in  insects  during  the  metamorphosis,  the 
nervous  system  undergoes  a  change  of  form  which  has  an  exact 
relation  to  the  organs  of  the  creature  in  its  future  state;  in  the  cater- 
pillar the  ganglia  of  the  nervous  cord  are  nearly  uniform,  correspond- 
ing with  the  segments  of  the  body;  but  during  the  metamorphosis, 
when  individual  parts  of  the  body  are  more  developed,  and  the  legs 
and  wings  are  formed,  several  ganglia  become  united  into  larger 
masses,  opposite  the  points  where  the  new  organs  are  developed.* 

During  the  transformation  of  the  larva  of  the  frog,  the  tail  disap- 
pears, and  with  it  the  extremity  of  the  spinal  cord,  while  simulta- 
neously with  the  appearance  of  the  extremities  their  nerves  are 
developed. 

This  reciprocal  dependence  of  the  organs,  and  of  the  nerves,  on 
each  other  for  their  existence,  must  not  induce  the  belief  that  the 
production  of  the  organs  depends  on  the  pre-existence  of  the  nerves* 
This  is  by  no  means  the  case;  both  organs  and  nerves  are  produced 
by  the  same  power,  the  nistis/ormativusj  which  resides  utidivided 
in  the  germ.  When  once  the  organs  are  formed,  however,  their 
ooDstant  renovation  seems  really  to  depend  in  part  on  the  influence 
of  the  nerve&  Several  species  of  animals,  even  in  their  fully  de- 
veloped state,  reproduce  parts  which  are  lost.  The  extremities,  gills, 
lower  jaw,  or  eyes,  may  be  removed  from  the  larva  of  the  salaman- 
der, and  will  be  reproduced.  In  this  case  it  is  uncertain  whether 
the  vital. organising  principle  which  exists  in  all  parts  of  the  animal 
regenerates  these  parts,  in  the  same  way  as  in  the  first  development 
of  them;  or  whether  the  central  parts  of  the  nervous  system  which 
are  uninjured  by  the  lesion^  effect  the  reproduction  of  the  parts  to 
which  they  send  nerves.  The  reproduction  of  an  extremity  in  the 
salamander  is  said  to  be  prevented  by  its  nerve  being  divided  at  a 
second  point  above  the  surface  of  the  stump. (?)  In  the  former 
edition  of  this  work  the  translator  related,  with  Dr.  Sharpey's  per- 
mission, the  following  experiment  on  a  saIamander:-»A  considerable 
portion  of  the  spinal  cord  at  the  root  of  the  tail  was  carefully  re- 
moved, together  with  the  arches  of  the  vertebrae,  and  the  tip  of  the 
tail  was  then  cut  off;  the  tail  was,  of  course,  quite  paralysed;  but 
reproduction  here  went  on  as  rapidly  as  in  other  cases  in  which  the 
spinal  cord  was  not  injured  above  the  wound,  and  at  the  end  of  six 
weeks  the  newly  formed  portion  of  tail  was  at  least  one-fourth  of  an 

*  Herold,  EntwiokslaDgt-gesohiehte  das.SehoietterltDgs.    Csssel.  1816.. 
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inch  in  length.  As  in  this  experiment,  hourever,  the  influence  of  the 
brain  only  was  cut  off,  the  spinal  cord  being  left  in  the  tail,  the  trans- 
lator iias  repeated  it  in  a  different  manner.  Instead  of  removing  a 
portion  of  the  cord  only  at  the  root  of  the  tail,  he  has  cut  off  the  end 
of  the  tail,  and  then  thrust  a  thin  wire  some  distance  up  the  spinal 
canal  so  as  to  destroy  the  cord  to  the  same  extent.  In  one  instance 
the  wire  was  passed  so  far  up  that  the  posterior  extremities  were 
paralysed  as  well  as  the  tail.  The  result  was  in  all  cases  the  same. 
Reproduction  of  the  end  of  the  tail  took  place,  hut  much  le.ss  rapidly 
than  in  salamanders  in  which  the  spinal  cord  had  not  been  destroyed. 
Thus,  in  a  large  salamander,  in  which,  after  the  end  of  the  tail  had 
been  removed,  a  wire  was  thrust  half  an  inch  up  tliQ  spinal  canal, 
and  moved  about  in  it  so  as  to  destroy  the  cord,  there  is,  after  the 
lapse  of  nine  weeks,  a  new  portion  of  tail  produced  scarcely  more 
than  ith  of  an  inch  in  length;  while  in  another  salamander  of  the 
same  size,  and  placed  under  the  same  circumstances,  but  in  which  the 
spinal  cord  was  left  uninjured  above  the  point  of  amputation  of  the 
tail,  the  new  portion  of  tail  is  i  an  inch  iu  length.  This  result  cor- 
responds with  what  we  see  to  be  the  most  usual  effects  of  paralysis 
in  the  limbs  of  the  human  subject,  namely,  diminution,  though  not 
arrest  of  nutrition. 

It  might  be  urged,  as  an  argument  against  the  nerves  exerting  an 
influence  in  nutrition,  that  bones  are  reproduced  although  they  have 
no  nerves;  but  the  nutritious  vessels  of  the  bone  may,  like  other, 
parts,  be  supplied  with  minute  branches  from  the  sympathetic 
system. 

There  are  few  experiments  on  record  calculated  to  determine  in  a 
direct  manner  the  influence  of  the  nerves  on  the  action  of  the  small 
vessels.  Magondie  {Journ.  d,  Physiol,  iv.  176,  304,)  observed  that 
emetics  injected  into  the  veins  produced  inflammation  of  the  lungs 
and  stomach,  but  that  these  effects  were  much  less  in  degree  when 
the  nervi  vagi  had  been  previously  divided.  Magendie  remarked 
likewise  that,  after  division  of  the  fifth  nerve,  strong  stimulants  ex- 
cited no  inflammation  in  the  eye;  but  that  after  a  few  days,  inflam- 
mation, with  exudation  into  the  interior  of  the  globe,  came  on  even 
when  no  irritants  had  been  applied.  Dupuy  has  seen  inflammation 
of  the  eye  ensue  after  removal  of  the  superior  cervical  ganglion  of 
the  sympathetic,  and  Mayer  has  remarked  the  same  occurrence  after 
.  tying  the  sympathetic  nerve.  {Grii/e  u.  Walt  her' s  Journ,  x.  3.) 
Dr.  J.  Reid,  also,  has  seen  the  effect  produced  in  dogs  by  division  of 
the  sympathetic  nerve  and  vagus  in  the  neck.  (Edin.  Med.  and 
Surg,  Journ.  July,  1839.)  Schroeder  (Observ.  Anat.  Pathol  1826, 
14,)  performed  the  following  experiment: — He  divided  the  ischiadic 
and  crural  nerves  of  one  leg  in  a  dog,  and  made  a  wound  in  both 
feet.  On  the  following  day  the  wound  of  the  paralysed  limb  was 
dryer  than  that  of  the  sound  limb;  during  three  weeks  the  wound 
of  the  sound  foot  presented  violent  phenomena  of  inflammation, — 
suppuration  and  granulation  took  place  in  it;  while  in  the  wound 
of  the  paralysed  foot  there  was  scarcely  any  inflammation;  it  dis- 
charged a  white  matter  which  formed  a  crust;  but  the  wound  itself 
was  Dale. 
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I  have  only  once  among  several  cases  in  which  I  divided  the 
ischiadic  nerve  in  rabbits  for  the  purpose  of  investigating  the  repro« 
dUction  of  nerves,  observed  that  the  skin  of  the  heel  of  the  para- 
lysed limb  gave  way  and  ulcerated  at  the  part  on  which  the  animal 
rested. 

To  the  influence  of  the  nervous  system  on  the  action  of  the  capil- 
laries may  also  be  referred  the  sudden  change  observed  in  the  con- 
dition of  wounds  after  violent  afiections  of  the  mind.  Vering  and 
Langenbeck  {Schroeder  van  der  Kolky  I.  c.  p.  28,)  have  remarked 
that  wounds  under  such  circumstances,  often  suddenly  lose  their 
fsiyonrabie  aspect.  The  increased  heat  and  redness,  and  tumefac- 
tion frequently  observed  in  parts  afiected  with  a  paroxysm  of  neu- 
iftlgia,^  seem  to  prove  the  influence  of  the  nerves  on  the  nutritive 
INTOcesses. 

There  is  no  proof  that  the  sympathetic  nerve  has  a  more  especial 
influence  on  nutrition  than  the  cerebro-spinal  nerves,  except,  per- 
haps, the  fact  that  the  nutrition  of  a  part  does  not  cease  when  the 
nerves  whioh  it  receives  from  the  brain  or  spinal  cord  are  divided. 


CHAPTER  IL 

OP  GROWTH. 

The  growth  of  the  solid  textures  of  organised  beings  is  effected  in 
two  ways.  It  may  either  be  interstitial,  each  of  the  small  particles 
of  the  tissue  contained  in  the  meshes  of  the  capillary  network  being 
enlarged,  while  the  number  of  vessels  is  at  the  same  time  increased, 
which  is  the  mode  of  growth  of  vascular  parts;  or  it  may  be  effected 
by  the  apposition  of  layers  of  new  matter  secreted  by  a  vascular 
matrix,  the  parts,  which  acquire  increase  of  bulk  in  this  manner, 
themselves  having  no  vessels. 

A  very  important  law  regulating  the  formation  and  growth  of  all 
organised  textures  has  recently  been  brought  to  light,  by  the  labours 
of  Schleiden  and  Schwann.  It  is  found  that  in  the  production  of 
any  given  form  of  tissue,  such  as  a  fibre  or  tube,  nature  does  not 
at  once  unite  the  organic  molecules  in  that  form,  but  that  she  first 
creates  by  a  definite  process  round  vesicles  or  cells,  and  subsequently 
transforms  these  into  the  various  elen>ents  of  the  organic  textures. 

The  predominance  of  the  cellular  form  of  tissue  in  the  vegetablo 
kingdom  had  been  long  known,  and  the  correctness  of  the  opinion 
that  all  varieties  of  vegetable  tissue  were  really  modifications  of  one 
type,  the  cell,  had  been  demonstrated  by  M.  Mirbel.t  It  had  also 
been  observed,  that  several  structures  in  animals  bear  a  great  re- 
semblance to  the  cellular  tissue  of  plants, — a  resemblance,  indeed, 
amounting  to  identity  of  form  in  some  instances;  for  example,  in  the 

*  See  Swann,  on  Local  Affections  of  the  Nenres.    London,  1820,  p.  43;  and 
Brodie,  on  Local  Nenroaa  Affections, 
f  Annates  du  Musee,  1831  and  1833;  and  Lindley's  Botany,  3d  edit.  p.  8. 
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tainchiiB  in  the  tadpole,  the  development  of  the  internal  branchia 
which  continue  to  erisrt  during  the  greater  part  of  the  larva  state, 
the  disappearance  of  the  tail,  and  the  final  loss  of  the  branchiss, 
have  been  already  mentioned.  The  generative  organs  are  not 
developed  till  near  the  termination  of  the  larva  condition.  I  could 
not  discover  any  trace  of  the  testes  and  ovaries  before  the  tran»- 
ormatton  into  the  perfect  state  had  commenced,  when  the  ani- 
mal had  already  four  extremities,  although  it  still  retained  the  tail 
and  branchiae.  Even  in  the  salamanders,  which  have  extremities 
^during  the  greater  part  of  their  larva  state,  the  genitals  are  nol 
-developed  till  near  the  termination  of  this  condition,  just  before  the 
branchiae  are  lost.  The  intestinal  canal  of  the  frog  in  the  larva  state 
was  destined  for  vegetable  food,  and  was  consequently  of  extraordi- 
nary development;  during  the  metamorphosis  it  is  reduced  to  the 
condition  of  the  canal  in  carnivorous  animals*  The  vertebrae,  also, 
which  in  the  larva  state  were  connected  by  excavated  facets,  as  in 
fishes,  undergo  change  at  the  same  period. 

TAe  metamorphoses  which  animals  undergo  during  the  pro* 
eesses  of  development  and  growth  depend  partly  on  the  development 
and  reduction  of  similar  parts. 

It  has  been  said  that  the  embryo,  during  its  development,  passes 
through  stages  of  transition  which  are  permanent  conditions  of  lower 
animals;  and  this  hypothesis,  incorrect  in  itself,  has  been  extended  to 
ftn  extravagant  length.  Nevertheless,  in  it  there  may  be  perceived 
aome  prevision  of  the  real  law,  which  escaped  the  observation  of 
ftoee  who  opposed  it.  Von  Baer  has  the  merit  of  having  first  di»> 
eovered  the  real  relation  which  the  phenomena  bear  to  each  other; 
he  pointed  out,  that  in  the  Vertebrata,  from  man  down  to  fisbea, 
-there  is  one  common  type  of  formation,  a  certain  sum  of  similar  op- 

Eins,  which  in  the  embryo  state  of  all  are  met  with  in  perfect  siroi- 
rity,  but  which,  during  their  development,  assume  different  forms 
in  different  classes  of  animals,  or  are  even  reduced  to  a  state  lower 
than  the  original  type;  thus,  for  instance,  in  the  embryo  state  of  aH 
the  Vertebrata  the  os  hyoides  has  rib-like  appendages,  but  in  the 
higher  classes  these  are  partly  lost,  while  in  fishes,  and  the  larvss  of 
the  Amphibia,  they  are  developed  to  form  the  branchiae. 

All  the  Vertebrata  resemble  each  other  in  presenting  a  series  of 
vertebrate  bones  with  arches  posteriorly  to  protect  the  central  parts 
of  the  nervous  system,  and  a  number  of  anterior  appendages,  in  the 
form  of  ribs,  to  enclose  the  viscera.  A  part  of  these  anterior  ap- 
pendages meet  cartilaginous  or  osseous  ribs  connected  with  the 
sternum,  so  as  to  form  a  thorax;  while  the  ribs  belonging  to  the 
cervical  and  lumbar  vertebree  are  absent  in  many  of  the  Vertebrata, 
and  in  others  (the  Crocodilida  and  Lacertse)  the  appendages  of  the 
cervical  vertebrae  are  merely  rudimentary.  In  all  the  Vertebrata, 
the  vertebral  system  here  indicated  dwindles  away  to  an  imperfect 
condition  at  its  lower  part  under  the  form  of  the  coccygeal  vertebras, 
and  is  more  highly  developed  superiorly  in  the  three  vertebrs  of 
the  cranium.  More  than  three  vertebrae  I  cannot  discover  in  the 
eranium;  to  mark  out  vertebrae  in  the  ear,  &c.  seems  to  me  to  be  an 
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ajniggefation  and  an  abme  of  an  analogy  which  is,  to  a  certain  ex* 
tent|  quite  correct  In  all  embryos  of  the  Vertebrata  the  extremities 
are  at  first  absent;  their  first  form  in  all  is  that  of  small  prominences^ 
which  afterwards  ti^e  difierent  forms  in  the  difierent  dassesr  Thus 
we  see  how  the  forms  of  the  developed  vertebrate  animals  depend 
■on  the  transformations  and  reductions  of  one  common  type.  Some 
animals  during  growth  deviate  more,  others  less  from  the  form  which 
this  type  presents  in  the  embryo  and  larva  state. 
^  .  In  the  articulate  classes^  in  which  the  brain,  it  is  true,  lies. above 
Ihe  (esophagus,  bnt  in  which  the  nervous  cord,  that  forms  its  conti- 
iraation  through  the  intervention  ofa  ring  which  surrounds  the  obso* 
phagus,  runs  along  the  abdominal  surface  of  the  body,  a  common 
type  peculiar  to  them  is  again  evident,  consisting  of  a  series  of  rings 
enclosing  the  body,  and  connected  with  each  other  in  a  series  from 
.before  backwards.  The  maxillae  and  mandibles  appear,  from  Sa^ 
jTigtiy's  researches,  to  belong  to  the  same  system  of  organs  with  the 
feet. 

.  •  The  inject f  while  in  the  Isrva  or  caterpillar  condition,  has  thirteen 
rings  or  segments  of  the. body;  it  is  only  during  this  state  that  it  in- 
creases in  size,  changing  its  skin  three  or  four  times:  by  the  metamor- 
phosis which  it  undergoes  during  the  pupa  or  chrysaUs  conditioQ,  it 
ts  converted  into  a  new  creature.  Before  the  organising  power  wliich 
firoduces  this  change  of  form  can  be  exerted,  it  is  necessary  that  the 
uniform  members  of  the  larva  shall  have  attained  a  certain  siie.  The 
continued  nutrition  of  the  parts  of  the  larva  by  the  introduction  of 
4food,  seems  to  delay  the  production  of  the  metamorphosis,  for  iasectt 
^indergo  transformation  earlier  when  no  food  is  given  them,  just  as 
plants  blossom  earlier  in  poor  soil;  but  in  proportion  as  the  parts  of 
4be  larva,  as  yet  uniform,  increase  in  site,  the  stronger  seems  to  be- 
jQome  the  tendency  to  the  production  of  differences  of  form,  by  tfie 
reduction  of  some  parts  and  the  development  of  others. 
.  When  the  last  change  of  the  skin  takes  place,  the  insect,  enveloped 
in  its  cocoon,  assumes  the  chrysalis  form;  the  external  tegument  of 
which,  like  all  horny  matter,  is  at  first  soft.  In  the  external  form  of 
many  pupse  the  rudiments  of  the  exterior  figure  of  the  future  insect 
may  be  already  traced,  the  extremities  being  pressed  closely  to  the 
body.  The  fundamental  features  of  the  change  in  the  external  form 
x>f  the  insect  are  displayed  in  the  transformation  of  the  larva  to  the 
pupa.  The  division  of  the  future  animal  into  three  parts  is  already 
seen;  the  three  rings  of  the  body  which  follow  the  first,  or  cephalic 
jing,  being  converted  into  the  thorax,  in  which  the  protothorax,  me- 
sothorax,  and  metathorax  are  afterwards  recognised,  while  the  pos- 
terior nine  of  the  thirteen  segments  become  shortened,  and  form  the 
nine  rings  of  the  abdomen  of  the  perfect  insect;  the  rudiments  of 
the  wings  are  formed  on  the  second  and  third  ring  of  the  thorax;  the 
antennie  and  palpi  on  the  head  or  cephalic  ring.  The  organs  for 
the  perception  of  light  do  not  exist  in  many  insects  until  they  un- 
dergo transformation;  in  others  compound  eyes  are  then  developed 
in  the  place  of  the  simple  ejres  of  the  larva.  Of  the  thirteen  ganglia 
jef  the  nervous  cord  in  the  larva  of  the  cabbage  moth,T-Papiiio  bras- 
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^ — the  third  becomes  united  with  the  fourth,  and  the  fifth  with 
the  eizth,  while  the  seventh  and  eighth  wholi7  disappear.  The 
▼isoera  undergo  corresponding  changes.  The  butterfly  acquires  a 
proboscis  in  place  of  the  maxillae  of  the  caterpillar;  its  vessels  for  the 
iecretion  of  the  web  disappear.  The  intestinal  canal  and  respiratory^ 
organs  are  changed  in  form.  FroiQ  the  commencement  of  the  meta- 
morphosis the  fatty  body  is  rendered  almost  fluid;  it  is  chiefly 
employed  in  the  formation  of  new  organs.  We  have  seen  that  in 
the  larva  of  Amphibia  the  generative  organs  are  at  first  absent,  but 
Herold  has  found  that,  in  insects,  extremely  delicate  rudiments  of  the 
testes  and  ovaries  exist  even  in  very  young  larv».  Many  insects 
retain  the  larva  type.* 

With  regard  to  the  Crustacea^  it  is  observed,  not  only  that  the 
higher  genera  in  their  embryo  state  have  a  thorax  composed'  of  distinct 
segments,  and  thus  resemble  the  permanent  condition  of  the  lower 
genera,  but  that  the  Crustacea,  when  young,  are  firequently  much 
more  simple  than  afterwards, — for  example,  the  young  Cyclops  has 
but  two  antennae  and  two  pairs  of  feet.  Some  Crustacea,  indeed, 
VBdergo  a  perfect  metamorphosis;  this  is  the  case  with  the  Lernaea 
tribe.  The  proper  place  in  the  scale  of  animals  for  these  strange, 
jMfa^tic  creatttres  was  long  doubtful,  because  when  fully  fornied 
ihey  had  lost  almost  all  traces  of  their  former  division. into  segment^ 
heace  numy  aaturalista  classed  them  improperly  with  the  Entozoa. 
Nofdaiann  {Microgr.  Beiirdge.  n.)  has  discovered  that  in  the 
«nbryo  and  larva  states  these  animals  have  the  form  of  perfect 
ilnistaeea.  The  embryo  of  the  achteres  percarum  has,  for  instance^ 
tomt  pencil-like  feet.  After  it  has  left  the  ovum,  it  has  two  anteanai 
IhiM  pairs  of  anterior  cheiiform  feet,  and  two  pairs  of  flabelliform 
fMy  ajid  is  similar  to  the  fish-louse  (Caligus).  The  young  of  the 
genw  Ancorella,  even  while  in  the  ovum,  have  a  red  eye. 

During  the  growth  of  the  Jlnnelida  the  number  of  their  rings  in- 
eraases,  and  in  the  Arenicola  the  number  of  the  tufted  branchiae  also; 
at  least  I  am  induced  to  think  so  on  comparing  diflerent  spedmena 
of  the  Arenicola  carbonaria. 


*  For  forlher  infonnatioe  on  the  metamorphotea  of  inteols,  oonsolt  the 
mk  of  Heiold,  Bntwickelmigsgesobiehte  der  SehmeUeriiDge.    Ctstel,  1815. 


41  • 


BOOK  IV. 

PHYSIOLOGY  OF  THE  NERVES. 


SECTION  I. 
Of  the  Properties  of  the  Nerves  generally. 

CHAPTER  I. 

OF  THE  STRUCTURE  OV  THE  NERVES. 

a.  Of  the  principal  forms  of  the  Nervous  System.'* 

The  first  great  distinction  to  be  made  in  considering  the  forms  of 
the  nervous  system  in  the  animal  kingdom,  is  between  that  of  the 
Vertebrata,  in  which  the  brain  is  not  pierced  by  the  oesophagus,  and 
is  prolonged  into  a  spinal  cord,  and  that  of  the  Invertebrata,  in  which 
the  brain  is  always  represented  by  a  nervous  ring  through  which  the 
oesophagus  passes.  -  This  nervous  ring  of  the  Invertebrata  presents, 
on  the  dorsal  aspect  of  the  oesophagus,  a  large  ganglion,  or  brain; 
while  there  is  likewise  another  enlargement  or  ganglion  occupying 
the  lower  part  of  the  ring,  and  situated  below  the  oesophagus,  from 
which  the  rest  of  the  nervous  system,  whether  it  consists  of  single 
nerves,  or  of  a  cord  with  a  series  of  ganglionic  enlargements,  as  in 
the  Annelida,  Crustacea,  Insecta,  and  Arachnida,  takes  its  origin. 

The  relation  in  which  the  nervous  system  of  invertebrate  ani- 
mals stands  to  that  qfthe  Vertebrata  is  a  problem  which  has  long 
occupied  the  minds  of  anatomists  and  physiologists.  Ackermann, 
Reil,  and  Bichfit  compared  the  ganglionic  system  of  Invertebrata 
with  the  sympathetic  nerve  of  the  higher  animals;  and  the  same 
proposition  has  very  recently  been  started  anew  by  Serres  and  Des- 
moulins.  Scarpa,  Blumenbach,  Cuvier,  Gall,  and  J.  F.  Meckel 
have,  however,  on  better  grounds,  denied  the  existence  of  such  an 
analogy;  and  the  greater  number  of  these  anatomists  have  regarded 
the  abdominal  cord  of  the  Articulata  simply  as  the  analogue  of  the 
spinal  cord  of  the  Vertebrata.  According  to  the  view  of  Meckel 
and  Ph.  v.  Walther,  that  part  of  the  nervous  system  of  the  Inverte* 
brata  which  is  continued  from  the  brain  into  the  trunk  of  the  body, 
includes  both  the  spinal  cord  and  sympathetic  system  of  the  higher 
animals;  and,  while  it  has  in  all  cases  the  function  of  the  two,  it  in 
the  Mollusca  approaches  more  nearly  to  the  type  of  the  sympathetic, 
in  the  Articulata  to  that  of  the  spinal  cord.     Treviranus  and  E.  H. 

*  See  a  more  extended  view,  by  J.  Miiller,  in  the  Nova  Acta  Nat.  Cur.  t.  ziT* 
and  in  Meckers  Archiv.  1628. 
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Weber,  lastly,  imagined  that  the  ganglia  of  the  abdominal  cord  of 
the  Articulata  must  be  looked  upon  as  nothing  more  than  the  ganglia 
of  the  spinal  nerves  which  have  coalesced;  the  intermediate  cords 
being  merely  the  first  rudiments  of  the  medulla  spinalis.  The  ques- 
tion has  been  at  length  decided  by  the  discovery  that  in  most  articu- 
late animals,  and  in  all  insects,  there  is,  besides  the  abdominal  cord, 
a  second  system  of  nerves  destined  solely  for  the  viscera,  which  like- 
wise consists  of  a  series  of  delicate  ganglia  more  minute  than  those 
of  the  abdominal  cord,  attains  its  greatest  development  in  the  for- 
mation of  plexuses  on  the  intestinal  canal,  and  particularly  on  the 
stomach,  and  is  connected  by  radicle  fibres  with  the  brain.  Traces 
of  a  nervous  system  exist,  according  to  Ehrenberg,  even  in  the  In- 
fusoria; at  all  events,  he  has  seen  them  in  the  Rotifera. 

Among  the  best  known  forms  of  the  nervous  system,  in  the  lower 
animals,  the  three  following  types  may  be  distinguished. 

1.  2)fpe  if  the  Badiala. 

Similar  memben  arranged  around  one  centre. — ^The  primitive  form  of  the  nerroas 
system  is  the  ringr,  which  in  the  Inrertebrata  generally  is  known  as  the  cesoph*- 
§■«]  ring.  Its  simplest  form  is  met  with  in  the  Radiata,  in  which  the  ring  is  stiU 
without  ganglionic  enlargements,  or  a  cord-like  prolongation.  The  distribution  of 
it*  brandies  corresponds  with  the  radiate  division  and  structure  of  the  animal* 
There  being  no  prolongation  of  the  body  of  the  creature  into  an  articulated  trunk, 
tlMre  IS  likewise  no  nervous  cord  developed  as  a  pirolongation  of  the  cesophageal 
ring.  The  repetition  of  similar  organs  in  the  periphery  of  a  circle  is  the  eharacier 
of  ibe  type  according  to  which  the  animal  is  here  formed,  and  hence  all  the  nerves 

Slven  on  from  the  oesophageal  ring  are  similar;  no  one  is  especially  the  prolonga* 
on  of  the  ring,  and  no  one  part  of  the  ring  has  especially  the  function  of  Uie 
br^n.  All  the  radiating  branches  of  a  nervous  circle,  of  which  no  one  has  a 
greater  importance  than  the  rest,  constitute  together  what  in  the  higher  animals  is 
ispresented  by  the  principal  nervous  cord. 

S.  Type  (f  the  MoUueea. 

No  divinon  into  memberij  the  viscera  eneJoeed  in  a  common  muaeular  «ie.— In  mol- 
Idseotts  animals  the  primitive  form  of  the  nervous  system  undergoes  changes  which 
Oolj  correspond  to  the  modifications  that  have  affected  the  whole  organism.  The 
Symmetry  of  the  radiate  type  is  lost;  and,  as  one  most  essential  character,  there  is 
a  want  of  the  articulate  structure  of  the  other  Invertebrate.  The  molluscous  ani- 
mal consists  merely  of  a  convoluted  mass  of  viscera  in  sufficient  number  to  con- 
stitute an  individual  animal  organism,  of  which  the  proper  animal  or  sensitive 
fimctions  seldom  exceed  an  awkward  touch  and  a  sluggish  locomotion. 

The  fundamental  oesophageal  ring  is  present  here  also;  but,  there  being  no  ra- 
diate divisions  of  the  body,  the  nervous  ring  does  not  give  off  radiating  branches* 
There  are  nerves  of  sense,  nerves  for  the  viscera,  and  nerves  for  the  muscles;  the 
viscera  not  being  arranged  with  any  symmetry  or  order  of  succession,  and  there 
bmng  no  regular  series  of  locomotive  members,  there  is  not  required  in  the  nervous 
system  any  succession  of  similar  parts.  . 

^  The  sole  development  which  the  nervous  system  in  this  type  undergoes,  con- 
sists in  ganglia  bemg  formed  on  the  oesophageal  ring  and  its  nerves,  as  centres 
from  which  branches  are  given  off.  The  grades  which  this  development  is  ob- 
served to  pass  through  are  the  following: —  , 

1*  Ganglia  on  the  oesophageal  ring  at  its  superior  and  inferior  parts,  (supra- 
.cesophageal  and  infra-oesophageal  ganglia,)  as  in  the  Gasteropoda;  or  lateral  ^n- 
glia  on  the  oesophageal  ring,  and  on  the  nerves  arising  from  the  ganglia  of  the  nog, 
as  in  Acephala. 

S.  The  oesophageal  ring  developed  into  a  large  cerebral  mass,  as  in  Cephalopoda* 

3.  Thfpe  of  the  Jrticulata. 
The  body  divided  info  a  ieries  of  similar  or  identical  parte^  t?te  contents  of  all  of 
which  are  either  similar  or  identical, — The  fundamental  character  of  the  articulate 
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toimals  it,  that  the  kodj  is  foroMd  of  «  raoceMdon  of  rinf^t  either  rimilar  or  idea* 
ticaU  which  aeain  contain  either  aimilar  or  identieal  parts  of  the  ▼aeeolar  ayaten 
and  viBcenu  The  organs  are  no  longer  included  in  a  oonTolntad  maaa  by  a  moe- 
enlar  tac;  but  are  extended  for  the  most  part  in  one  direction,  namely,  longitodi- 
nally;  and  tlie  mneeolar  sac  has  become  divided  into  a  number  of  separate'  masclet 
fer  the  diflfeient  segments  of  the  body.  To  oorrespond  with  this  stmetore,  the 
spsophageal  ring  and  its  ganglia  are  repeated  in  the  (brra  of  the  gangiiated  Mf> 
Tous  cord. 

This  is  the  case  in  Annelida,  Insects,  Arachnida,  and  Crustacea.  The  brain  in 
all  the  species  of  these  classes  seems  to  be,  without  exception,  above  the  obso- 
phagus.*  In  insects  the  special  nenrous  system  of  the  Tiscera  becomes  dis- 
tinctly developed. 

The  union  of  sejeral  of  the  ganglia  of  the  abdominal  cord,  the  disappearanea  of 
some,  and  the  fusion  of  others  into  larger  masses  during  the  metamorphoses  ol 
insects,  in  accordance  with  the  necessities  of  the  parte  wnioh  have  become  more 
highly  developed,  are  now  well  ascertained.  In  some  few  insects  all  the  ganglia 
tnd  loops  of  the  double  abdominal  eord  are  united  into  one  solid  column  Irom 
which  all  the  nerves  of  the  articulated  body  radiate,  but  this  column  Is  eonneetsd 
with  the  cerebral  ganglion  by  means  of  the  oesophsgeai  ring,  which  remaina  open. 
8uch  is  the  structure  in  the  Scarabeos  nasicomls  even  in  the  larva  state.  Here 
then  the  gangiiated  eord  is  converted  into  a  aimple  cord,  and  thus  the  brain  and 
spinal  marrow  of  veitebrate  animals  would  seem  in  fact4o  differ  in  form  but  little 
mm  the  nervous  system  of  Invertebrate.  There  remains  as  peculiar  to  the  latter 
nnimala  only  the  passa^  of  the  cMophagua  through  the  nervoua  ring.  On  the 
other  hand,  we  see  that  in  the  lower  YertArata,  the  ganglionated  structure  Is  agdn 
met  with  in  the  spinal  cord  at  the  pointa  where  lam  nerves  arise  from  It:  thos 
there  are  aeveral  gpanglionic  enlargementa  of  the  eord  in  the  cervical  region  in  the 
flying  fishee  (Trigls),  and  there  are  enlargements  of  the  spinal  eord  in  Chelonlty 
birds,  snd  Mammalia  at  the  points  conespooding  to  the  origin  of  the  nerves  of  the 
npper  and  lower  extremities. 

There  sre  no  grounds  for  comparing  the  nervona  Sjrstem  of  molluscous  animals 
to  the  sympathetic  nerves  of  the  Vertebrate.  The  absence  of  the  chain  of  ganglia 
In  the  former  animals  is  the  oonseqoence  of  their  body  not  eonsisting  of  a  series  of 
segments.  The  union  of  the  ganglia  in  a  series  is  an  accidental  cireanetanee* 
which  haa  ita  origin  not  essentially  in  the  nervous  system  itself,  but  in  the  geoeial 
atracture  of  the  body.  Hence,  even  in  the  articulate  classes,  when  the  division' of 
the  body  into  segments  is  absent  or  subordinate,  the  chain  of  ^langlia  is  replsoed 
by  ganglia  situated  on  the  different  nerves  arising  from  the  brain,  as  in  Molluscs; 
such,  for  example,  is  the  case  in  the  Phalangita.  The  ganglia  of  the  Molluaca 
belong  therefore  in  part  to  the  nerves  of  the  viscera,  and  are  destined  for  the 
organic  functions;  while  those  cerebral  nerves,  and  their  ganglia,  which  are  dis- 
tributed to  the  organs  of  motion,  as  the  mantle  (in  the  Sepia),  and  are  capable  of 
exciting  voluntary  motions,  are  wholly  analogous  to  the  muscular  nerves  arising 
from  the  ^ngiiated  cords  of  the  Articulate,  and  are  ^uiie  distinct  from  visceral 
nerves.  Other  views  respecting  the  functions  of  the  different  parts  of  the  nervous 
system  of  invertebrate  animals  have  been  suggested  by  Dr.  M.  Hall*s  hypothesis 
of  the  existence  of  distinct  nerves  for  the  reflex  movements,  in  addition  to  the 
nerves  of  volition  and  sensation.  The  consideration  of  these  views  is  reserved  to 
the  Chapter  on  the  Motions  produced  by  Reflex  Nervous  Action,  to  their  connec- 
tion with  which  subject  they  owe  their  chief  interest. 

b.  Of  the  minute  structure  of  the  Nervous  Substance. 

Primitive  nervous  fibres, — The  nerves  are  constituted  of  parallel 
fasciculi  of  different  sizes,  invested  with  a  membranous  neurilema. 


*  In  the  Scorpion,  as  in  other  Artienlata,  the  CBaophsgut  psssei  through  the  OBSophagaal 
ring;  but  the  posterior  or  inferior  enlargement  of  the  ring  ia  Urfrer  tlion  the  anterior, 
which  circamatanoe  it  was  which  formerly  mialed  me  to  the  belief  that  here  the  brain  lay 
below  the  oMophaff  ua.  In  the  Piutsm«  also  the  brain  is  placed  aa  in  all  inaccta,  though  in 
ItfiS  1  thought  differently. 
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These  fasciculi^  examined  along  the  course  of  a  nervous  cord,  are 
-frand  to  be  connected  with  each  other  at  intervals;  but  the  parallel 
primitive  fibres  contained  in  these  fasciculi  run  merely  in  apposition 
with  each  other;  they  do  not  unite:  even  where  the  fasciculi  appear 
4o  anastomose,  there  is  no  union  of  fibres,  but  only  an  interchange  of 
fibres  between  the  fasciculi. 

The  primitive  fibres  of  the  nerves  are  very  similar  in  form  and 
mze  in  difierent  animals;  they  are  in  all  cases  simple  threads,  and 
are  never  formed  of  globules.  In  the  human  subject  their  diameter 
is,  according  to  Krause,  from  jf^  ^^  jh  ^^  ^^  English  line;  and  ac- 
cording to  Prof.  R.  Wagner,  j^:  in  the  frog,  the  last  observer  states 
them  to  measure  tIt  of  a  line  in  diameter.  They  vary,  however, 
Tery  much  in  size,  and  are  frequently,  especially  the  grey  fibres, 
much  more  minute  than  the  above  measurements  indicate.  The 
capillary  blood-vessels  exceed  the  nervous  fibres  in  size,  and  conse- 
quently do  not  ramify  upon  them,  but  merely  form  a  network  which 
XKcnpies  their  interstices.  Fontana  appears  to  have  been  the  first 
who  had  a  correct  idea  of  the  structure  of  the  primitive  fibres.  He 
distinguished  in  them  an  external  tubular  portion,  which,  when 
highly  magnified,  had  a  wrinkled  aspect,  and  a  solid  internal  portion, 
which  formed  a  smooth  homogeneous  thread.  He  was  able  to  sepa* 
rate  the  tubular  sheath  from  its  solid  contents  in  some  fibres. 

These  observations  of  Fontana  are  quite  in  accordance  with  those 
recently  made  by  Remak,  who  first  directed  attention  to  the 
paragraph  in  the  work  of  Fontana.  But  both  Valentin  {Reper^ 
torhtmj  1838,  p.  76,)  and  Henle  {AfuUer^s  JlrcAiv.  1839,  p.  174,) 
legard  Remak  as  incorrect  in  describing  the  contents  of  the  nervous 
cylinder  to  be  solid.  In  the  fresh  state,  when  no  reagent  had  acted 
on  the  nerves,  they  found  the  fibres  to  contain  a  perfectly  transparent 
and  fluid  matter,  which  the  addition  of  water,  however,  caused  to 
coagulate.  The  flattened  pale  filet  which  remains  after  a  nervous 
-fibre  has  been  subjected  to  pressure,  and  which  Remak  supposed  to 
be  the  solid  fibre  freed  from  the  investing  tube,  appeared  to  Henle 
to  be  the  tube  itself  emptied  of  its  contents. 

The  great  size  of  the  so-named  primitive  fibres  of  the  nerves,  as 
compared  with  the  minute  elementary  parts  of  muscles,  and  of 
the  cellular  and  other  tissues,  excites  a  doubt  as  to  whether  the  fibre 
contained  in  the  nervous  cylinder  is  really  its  most  minute  element. 
In  fibres  of  the  thickness  of  the  ordinary  primitive  nervous  fibres, 
which  Schwann  examined  in  the  mesentery  of  the  frog,  he  saw  other 
much  finer  filaments,  which  issued  from  the  larger  fibre.  Treviranus 
observed  in  several  nervous  cylinders  streaks  running  longitudinally, 
and  he  even  saw  distinctly  more  minute  elementary  filaments  in  the 
so-called  primitive  cylinders. 

Fibres  of  the  cerebral  substance.— The  fibres  of  the  brain  were 
known  to  Fontana.  He  describes  them  as  being  cylinders  filled 
with  a  gelatiniform  fluid,  but  his  notion  of  the  intestine-like  convolu- 
tions of  these  tubes  is  quite  incorrect.  He  attributed  too  much  im- 
portance to  the  curved  disposition  of  the  fibres,  which  is  an  accidental 
state  produced  in  the  preparation  of  the  nervous  substance  for  micro- 
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icopic  escaminatiofi;  lor  the  primitive  fibres  of  the  brain  and 
cord  have  for  the  most  part  a  tolerably  straight  direction.  EhreOi- 
berg,  however,  has  described  the  tubular  structure  of  the  cerebral 
fibres,  and  their  arrangement  in  the  brain  and  spinal  cord,  very 
accurately.  He  states  that  they  run  generally  in  straight  lines,  and 
do  not  anastomose.  He  very  rarely  saw  them  divide;  for  example, 
in  a  few  instances  in  the  spinal  cord.  The  division  of  the  fibres  may, 
however,  be  frequent  even  in  tlie  brain,  since  the  mass  which  the 
diverging  fibres  constitute  evidently  increases  between  the  mednlla 
oblongata  and  their  radiated  expansion  in  the  grey  matter  of  the 
outer  part  of  the  optic  thalamus.  Ehrenberg*  has  discovered  that  the 
primitive  fibres  or  tubes  of  the  brain  and  spinal  cord  and  those  of  the 
optic,  olfactory  and  auditory  nerves,  assume  on  the  slightest  pressure 
a  beaded  appearance,  or  are  varicose,  Treviranus,  however,  hat 
shown  that  the  primitive  fibres  in  all  parts,  in  the  brain  as  well  as 
in  the  nerves,  are  for  the  most  part  straight,  and  not  varicose.  The 
observations  of  Lauth  and  Remak  also  tended  to  show  that  aa 
airangemetit  of  the  nerves  according  to  the  cylindrical  or  varicose 
form  of  their  primitive  fibres  is  scarcely  possible,  since  single  varicose 
fibres  are  met  with  more  or  less  frequently  in  the  most  different 
nerves.  The  same  fibre  sometimes  presented  the  cylindrical  and  the 
varicose  form  alternately  at  intervals,  and  the  fibres  of  the  nerves 
generally  in  young  animals  are  prone  to  exhibit  this  appearance. 

It  is,  however,  a  characteristic  property  of  the  fibres  of  the  braio, 
and  the  nerves  of  special  sense,  that  they  are  exceedingly  prone  to 
become  varicose.  No  other  tissue  has  this  property;  and,  in  enumia- 
rating  the  characters  of  the  cerebral  fibres,  it  cannot  be  omitted,  it 
is  not  quite  certain  on  what  this  property  depends. 

White  and  grey  fasciculi  in  the  nerves. — It  is  well  known  thaiC 
the  fasciculi  of  nervous  fibres  in  the  symphathetic  nerves  have  for 
the  most  part  a  grey  aspect,  while  those  of  the  cerebro-spinal  nerves 
are  white.  But  the  latter  nerves  also  contain  some  few  grey  fasci- 
culi mingled  with  the  white;  and,  in  many  parts  of  the  sympathetic 
nerve,  there  are  white  fibres  mingled  with  the  proper  grey,  or  organic 
fibres.  (The  microscopic  and  other  characters  of  these  organic 
nervous  fibres  will  be  given  in  Section  ii.  Chapter  4.) 

The  structure  of  the  anterior  motor,  and  that  of  the  posterior  sensi- 
tive roots  of  the  spinal  nerves,  have  been  made  the  subject  of  com- 
parative examination  by  Ehrenberg  together  with  myself,  and  we 
detected  no  difference  between  them. 

Course  of  the  fibres  and  their  arrangement  in  the  nerves.-^A 
knowledge  of  the  course  of  the  primitive  fibres  in  the  nerves  is  of 
the  utmost  importance:  for,  although  an  exact  acquaintance  with  the 
ramifications  of  the  nerves  is  indispensable,  yet,  in  the  study  of  the 
actions  and  properties  of  the  nervous  system,  we  must  at  last  come 
to  the  question,  Where  do  the  primitive  fibres  contained  in  a  nervous 
fasciculus  arise,  and  where  do  tliey  terminate?    It  is,  at  least  with 

*  Pogrgrendorf  *•  Annal.  xxviii.  Hft.  3.— Abhandl.  d.  K.  Akad.  sa  Berlin  aus  d, 
h  1834.     Berlin,  1836,  p.  605, 
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Inference  to  many  questions  concerning  the  functions  of  the  nerves,  a 
niAlter  of  kidifiereuce  into  what  fasciculus  the  fibres  enter,  or  how 
soon  they  issue  from  it;  since,  as  will  presently  be  seen,  they  them* 
selves  (the  primitive  fibres)  remain  distinct  and  isolated  throughout 
their  course;  and  this  is  the  first  and  most  importani  point  to  be 
dacifled.    If  the  primitive  fibres  never  anastomose,  it  must  follow 
that  the  cerebral  extremity  of  each  fibre  is  connected  with  the  peri- 
pheral extremity  of  a  single  nervous  fibre  only,  and  that  this  peri-* 
pberal  extremity  is  in  relation  with  only  one  point  of  the  brain  or 
apinal  .cord;  so  that,  corresponding  to  the  many  miliiohs  of  primitive 
fibres  which'  are  given  off  to  peripheral  parts  of  the  body,^  there 
ara  the  same  number  of  peripheral  points  of  the  body  represented 
in  the  brain.    If,  on  the  contrary,  the  primitive  fibres  anastomose 
with  each  other  in  their  course  within  the  small  fasciculi,  and  in  the 
firaqiient  anastomoses  and  plexuses  of  the  nerves  themselves,  and  do 
not  merely  lie  in  apposition;  then  the  cerebral  extremity  of  a  nervous 
fibril  will  be  in  relation  with  very  many  peripheral  points,  the* 
number  of  which  will  be  equal  to  the  number  of  primitive  fibrea 
nhich  have  coalesced.    Mow,  since  the  nerves  are  seen  to  anasto- 
mose in  all  parts  of  the  body,  there  would,  if  the  primitive  fibres 
likewise  anastomosed  in  these  situations,  be  scarcely  a  single  point 
of  the  body  represented  isolated  and  distinct  in  the  brain;  the  irri- 
tation of  a  primitive  fibre  in  a  single  point  of  the  skin  would 
necessarily  be  propagated  through  all  the  auastomoses,^in  other 
words,  no  local  impression  on  a  single  definite  point  would  be  per- 
ceived by  the  brain;  for  the  sensation  of  a  single  point  evidently 
depends  on  the  impression  being  conveyed  by  means  of  a  single 
fibre  to  a  single  point  of  the  sensorium.    It  is  very  clear,  that  if  the 
anastomoses  of  the  nerves  in  the  transmission  of  the  nervous  principle 
had  the  same  influence  as  the  anastomoses  of  vessels,  no  local 
nervous  influence  could  be  communicated  from  the  brain  to  the  peri- 
pheral parts,  or  from  the  latter  to  the  brain.    The  possibility  of  our 
establishing  an  accurate  theory  of  the  action  of  the  nerves  con- 
sequently rests  wholly  on  the  question,  whether  or  not  the  primitive 
nervous  fibres  anastomose.* 

Fontana,  and  afterwards  Prevost  and  Dumas,  observed,  that  the 
primitive  fibres  of  nerves  enclosed  in  a  fasciculus  do  not  unite 
with  each  other,  but  merely  run  side  by  side.  At  that  period,  how-* 
ever,  physiologists  had  scarcely  a  suspicion  of  the  importance  of 
this  fact  in  relation  to  the  theory  of  nervous  action.  I  have  ex- 
amined with  the  simple  microscope  the  primitive  fibres  of  a  nervous 
ftaciculus  spread  out  on  a  black  surface,  but  have  never  seen  two 
fibres  unite  into  one:  they  always  were  seen  to  continue  separate, 
whether  they  lay  side  by  side,  or  crossed  the  one  over  the  other; 
and,  even  where  two  fasciculi  have  united,  I  could  perceive  no 
actual  union  of  fibres, — these  remained  evidently  quite  distinct,  and 
were  merely  in  juxtaposition.    When  nerves  form  a  plexus,  the 

*  Similar  armaments  in  faTOor  of  the  insulated  coarse  of  the  nenroas  filameots 
Ke  sdTanced  by  Dr.  Why tt.    (See  Whytt*s  works,  p.  505.) 
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nerres  which  issue  from  it,  however  great  the  interlacement  of 
fibres  may  have  been,  will  always  form  as  large  a  mass  as  those 

.  that  entered  it.  The  same  law  prevails  in  the  ramification  of 
nerves:  a  nerve,  after  having  given  off  a  branch,  is  thinner  in  exact 
proportion  to^e  number  of  fibres  in  the  branch  which  has  left  it; 
and  by  the  aid  of  minute  dissection  it  is  easily  seen  that,  when  a 
branch  is  given  off,  the  fibres  in  the  trunk  do  not  divide  each  into 
two,  one  remaining  in  the  trunk,  while  the  other  leaves  it  to  join  the 
branch,  but  that  the  fibres  of  the  branch  are  some  of  those  which 
already  existed  in  the  trunk:  hence,  in  a  nerve,  very  different  fibres, 
sensitive  and  motor,  may  be  associated  together,  and  in* the  trunk  of 
a  nerve  there  may  even  be  branches  contained  which  do  not  unite 
with  the  other  constituent  fasciculi,  and  have  no  resemblance  to  them 
in  its  properties.  Tiius  the  nervus  mylohyoideus,  a  motor  nerve,  is 
commonly  regarded  in  a  general  way  as  a  branch  of  the  inferior 
dental,  a  nerve  of  sensation,  although  these  two  nerves  have  nothing 
in  common  except  their  position  side  by  side;  and  of  this  there  are 
frequent  examples.  We  hence  see  that  the  properties  of  the  com- 
ponent fasciculi  have  nothing  to  do  with  the  nature  of  the  trunk  of 
the  nerve  itself;  but  that,  on  the  contrary,  the  nervous  trunk,  par- 
ticularly at  some  distance  from  the  brain,  may  be  constituted  of  fas- 
ciculi of  very  various  properties,  the  different  fasciculi  destined  for  a 
particular  limb  having  become  annexed  to  it  in  its  course. 

The  view  here  given  of  the  course  of  the  primitive  nervous  fibres 
from  the  brain  to  their  ultimate  termination,  is  opposed  to  the  state- 
ment that  the  nerves  increase  in  size  in  their  course,  which,  how- 
ever, is  an  error  originated  by  Soemmering.  The  nerve  is  certainly 
smaller  before  it  passes  through  the  dura  mater,  and  receives  its 
neurilema,  than  it  is  afterwards;  but,  when  invested  by  its  neurilema, 
its  diameter  does  not  vary  as  long  as  it  gives  off  no  branches.  The 
branches  in  every  case  contain  the  same  mass  of  nervous  substance 
as  the  trunk  from  which  they  arise;  if  there  is  a  slight  difference,  it 
is  owing  to  the  quantity  of  neurilema  in  the  branches  being  greater. 
These  remarks  on  the  ramification  of  nerves,  apply  also  in  the  case 
of  a  plexus  formed  by  two  different  nerves.  Some  years  ago  I  ex- 
amined, with  the  most  careful  dissection,  the  anastomoses  of  the 
facial  with  the  infra-orbital  nerve  in  the  rabbit  and  sheep;  and  con- 
vinced myself,  by  accurate  drawing  of  the  course  of  the  primitive 

.  fibres  of  both,that  the  fibres  merely  apply  themselves  to  one  another, 
and  arrange  themselves  into  new  fasciculi.  With  these  principles, 
therefore,  we  must  regard  the  primitive  fibres  of  all  the  cerebro- 
spinal nerves  as  isolated  and  distinct  from  their  origin  to  their  ter- 
mination, and  as  radii  issuing  from  the  axis  of  the  nervous  system. 
Strictly  considered,  these  radii  issue  from  the  spinal  cord  in  a  nearly 
continuous  line  on  each  side;  but  a  certain  number  of  them  are  col- 
lected at  intervals  into  a  fasciculus  for  the  convenience  of  their  dis- 
tribution to  the  peripheral  parts. 

The  foregoing  results  of  my  own  observation  I  have  taught  for 
several  years  in  my  lectures.  In  the  year  1830  I  had  an  opportunity 
to  communicate  them  in  conversation  to  Prof.  Van  der  Kolk,  of 


',  * 
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Utrecht,  when  I  begged  him  to  put  my  observations  to  the  test.  The 
Views  which  I  h^d  adopted,  and  which  agree  with  those  of  Fontana 
and  Prevost,  have  recently  received  confirmation  in  my  mind  from 
my  illustrious  colleague,  M.  Ehrenberg,  having  verified  the  obser- 
Tations  on  which  they  rest.  The  subject  has  been  treated  very  fully 
by  Kronenberg.  (Pleafuum  Nervorum  struciuraeimriutes.  Berol. 
1836.) 

The  above  statements  refer  merely  to  the  white  fibres  of  the 
cerebro-spinal  and  sympathetic  nerves;  for  it  is  probable  that  the 
grey  fibres  may  be  connected  with  each  other  (at  all  events,  through 
the  medium  of  the  ganglia.) 

Mode  of  ierminaiion  of  the  nerves. — This  is  a  subject,  the  inves-* 
ligation  of  which  has  occupied  Treviranus,  Gottsche,  Valentin, 
Emmert,  the  younger  Burdach,  and  Schwann.  The  question  of 
chief  interest  was,  whether  the  nervous  fibres  terminate  by  uniting 
with  each  other,  or  remain  isolated  even  at  their  extremities.  Mi- 
croscopic examination  has  shown  that  the  nervous  fibres  terminate 
in  three  ways;  namely,  by  the  formation  of  regular  anastomosing 
loops  between  every  two  fibres;  by  uniting  so  as  to  form  a  network 
like  blood-vessels;  and  thirdly,  by  free  isolated  extremities. 

In  the  retina,  and  in  the  ear,  the  nervous  fibres  terminate  in  an 
isolated  manner,  without  uniting  with  each  other. 

Treviranus  observed  the  papillar  mode  of  termination  of  the  ner- 
vous fibres,  not  merely  in  the  retina,  but  also  in  the  case  of  the  audi- 
tory and  olfactory  nerves;  and  here  the  papiilse  were  more  thread-like. 
Those  of  the  auditory  nerve  he  saw  on  the  lamina  spiralis  of  the 
cochlea  in  young  mice.  The  bony  portion  was  wholly  covered  with 
thread-like  papillae  crowded  closely  together. 

Termination  of  fibres  of  the  brain. — The  mode  of  termination 
of  the  fibres  of  the  brain  has  been  investigated  by  Valentin.  The 
primitive  fibres  of  the  spinal  nerves  do  not  end  in  the  spinal  cord; 
tbey  continue  their  course  as  far  as  the  brain.  The  fibres  of  the 
nerves  at  the  extremity  of  the  spinal  cord  run  at  once  in  the  longitu- 
dinal direction  upwards,  while  those  nerves  which  enter  the  spinal 
cord  laterally  at  its  upper  part  pass  first  transversely  towards  the 
interior  of  the  cord,  as  far,  or  nearly  as  far,  as  the  grey  substance, 
and  then  follow  the  same  longitudinal  course  to  the  brain  as  the 
others.  In  the  white  substance,  the  fibres  lie  in  contact  with  each 
Other;  but,  at  the  line  of  contact  of  the  white  and  grey  substances, 
they  become  separated  by  the  globules  of  grey  matter,  which  we 
shall  presently  describe,  and  at  length  radiate  out  into  the  cortical 
substance,  where  they  form  loops  by  uniting  one  with  another.  This 
is  seen  most  distinctly  where  the  white  and  reddish  grey  substances 
pass  the  one  into  the  other,  or  in  the  yellow  substance  at  the  peri- 
phery of  the  hemispheres  of  the  cerebrum  and  cerebellum, 

Orey  substance  of  the  brain,  spinal  cord,  and  ganglia, — The 
elements  of  the  ganglia  of  the  nerves  in  the  higher  animals,  and  in 
the  human  subject,  have  been  ascertained  by  Valentin  to  be  globules 
of  considerable  size,  which  differ  from  the  above-described  club- 
shaped  bodies  merely  by  their  more  spherical  form;  but  have  Uke 
42 
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them  a  nucleus,  and  in  the  circumference  of  this  another  smaller 
nucleus,  or  nucleolus,  and  frequently  also  spots  of  pigment  on  their 
surface.  One  or  more  fasciculi  of  fibres  which  enter  the  ganglion 
form  within  it  a  plexus,  the  fibres  assuming  a  different  arrange- 
ment, and  then  issue  from  it  again;  while  sinele  fibres,  or  fasciculi 
of  fibres,  form  an  interlacement  around  the  globules  of  the  ganglion. 
The  fibres  which  form  this  interlacement  come  off  from  the  trunk  of 
the  nerve,  and  join  it  again.  This  description  applies  to  the  gan- 
glionic globules  generally,  as  may  be  easily  verified. 

The  grev  substance  of  the  brain  and  spinal  cord  is,  according  to 
Valentin,  formed  wholly  of  the  same  globules  as  the  ganglia.  The 
appearance  of  minute  granules  is  produced  by  the  disintegration  of 
the  original  globules,  which  are  very  soft.  The  only  circumstance 
in  which  the  globules  of  the  grey  substance  of  the  brain  differ  from 
those  of  the  ganglia,  is  that  the  cellular  tissue  which  invests  the 
former  is  less  firm.  In  the  white  substance  of  the  bram  there  are, 
according  to  Valentin,  no  globules  or  granules;  the  appearance  of 
granules  in  it  being  produced  by  the  disintegration  of  the  nervous 
fibres.  On  the  quantity  of  the  deposit  of  grey  globules  depends  the 
degree  in  which  certain  parts  of  the  brain  differ  in  colour  from  the 
white  or  fibrous  substance:  where  the  primitive  fibres  are  in  greatest 
number,  the  colour  is  whitish  grey;  where  they  are  less  abundant,  it 
is  reddish  grey:  the  still  darker  colour  of  certain  portions  of  the  brain 
depends  on  the  presence  of  a  pigment  deposited  on  the  globules. 

In  the  spinal  cord  there  are,  as  Rolando  discovered,  two.  kinds  of 
gray  substance.  That  which  is  commonly  known  as  the  grey  sub- 
stance of  the  spinal  cord,  is  called  by  Rolando*  ^^ substantia  cinerea, 
apongiosoy  vasculosa.^'  At  the  back  part  of  the  posterior  cornua 
of  the  substance  runs  a  line  of  perfectly  grey  matter,  called  by 
Rolando  the  «^  substantia  cinerea  gelatinosa.**  The  first  contains, 
according  to  Remak,  the  great  ganglionic  globules  above  described, 
together  with  numerous  fibres;  the  latter,  on  the  contrary,  contains 
corpuscules  similar  to  the  red  particles  of  frog's  blood.  The  con- 
tinuation of  the  substantia  cinerea  gelatinosa  in  the  medulla 
oblongata,  where  it  comes  to  the  surface,  has  the  same  structure. 

Distribution  of  the  white  and  grey  systems  of  fibres  in  the  cere- 
brospinal and  sympathetic  nerves. — The  mixed  cerebral  and  spinal 
nerves  contain  chiefly  fasciculi  of  sensitive  and  motor  fibres,  and  a 
few  fasciculi  of  grey  fibres  which  have  a  tendency  to  the  formation 
of  ganglia;  the  sympathetic,  on  the  contrary,  contains  a  few  sensorial 
and  motor  elements  derived  from  the  posterior  and  anterior  roots  of 
the  mixed  nerves,  but  consists  chiefly  of  grey  organic  fibres,  corres- 
ponding with  its  distribution  to  parts  which  serve  principally  for  the 
production  of  chemical  changes  in  the  fluids  of  the  body.  Hence 
the  frequency  of  ganglia  in  the  sympathetic  nerve;  while  in  the 
oerebro-spinal  system  of  nerves,  if  we  except  the  regular  ganglia  of 
the  posterior  roots,  ganglia  are  rare,  occurring  only  where  there  is  a 
considerable  intermixture  of  grey  fibres  from  the  sympathetic. 

*  Sa^^io  sopra  la  vera  strnttara  del  Cer?elIo;  edit.  2.  t.  ii.  Torino,  1828.  Tab. 
iii.  figr.  2y  3,  sp. 
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'   Cla$8ifieaiion  of  the  ganglia. — The  ganglia  of  the  nehres  may 
be  arranged  in  three  classes: — 

1.  Ganglia  of  the  posterior  roots  of  the  spinal  and  cerebral 
nerveSy  the  ganglion  of  the  larger  portion  of  the  nervus  trigemi- 
nus,  that  of  the  vagusy  the  ganglion  jugulare  superius  of  the 
gtaiso-pharyngeal  nerve^  and  lastly  the  ganglion  on  the  small 
posterior  root  of  the  hypoglossal  nerve. 

These  ganglia  have  the  common  character  of  belonging  to  nerves 
of  sensation;  we  shall  show  at  a  future  page  that  the  posterior  roots 
of  the  spinal  nerves  are  sensitive,  not  motor.  The  ganglion  of  the 
first  spinal  nerve  sometimes,  and  those  of  the  last  two  always,  pre- 
sent anomalies  in  respect  to  position.  The  first  is  sometimes  situated 
within  the  cavity  of  the  dura  mater;  {Mayer.  Nov,  Act,  Nat,  Cur. 
V.  xx\,)  the  last  two  very  delicate  spinal  nerves  have  their  ganglia 
always  in  that  situation.  {Schlemnij  Muller^s  Archiv.  1834,  i.) 
The  portio  major  nervi  trigemini  which  expands  into  the  Gasserian 
ganglion,  bears  the  same  relation  to  the  portio  minor  as  the  posterior 
roots  of  the  spinal  nerves  do  to  the  anterior  roots. 

The  structure  of  the  ganglia  of  this  class  is  not  essentially  different 
from  that  of  the  ganglia  of  the  sympathetic;  but  we  see  in  them 
more  distinctly  the  pencil  of  fibres  passing  through  unchanged  be^ 
tween  the  'globules  of  the  proper  substance  of  the  ganglion.  The 
special  function  of  the  ganglia  of  the  sensitive  roots  is  not  yet  known. 
Perhaps  they  give  rise  to  the  organic  fibres  of  the  sympathetic,  which 
these  ganglia  would  then  connect  with  the  posterior  columns  of  the 
•pinal  marrow.  The  sensitive  and  motor  white  fibres  of  the  sympa- 
tnetid  are  connected  with  the  posterior  and  anterior  roots  of  the  spinal 
nerves.  The  question,  therefore,  is,  whether  the  posterior  roots  of 
the  spinal  nerves  connect  both  the  sensitive  and  organic  fibres  with 
the  spinal  marrow.  The  ganglia  of  the  sympathetic  itself,  however, 
appear  to  be  at  all  events  a  principal  source  of  the  organic  fibres. 
The  lateral  cords  of  the  sympathetic  are  proportionally  much  whiter 
than  the  branches  of  the  great  abdominal  ganglia. 

The  facts  which  we  have  at  present  considered  do  not  enable  us 
to  decide  whether  an  increase  in  the  number  of  fibres  takes  place  in 
the  ganglia  of  the  sensitive  roots,  and  in  the  Gasserian  ganglion.  It 
is  certain  that  the  white  fibres  pass  through  with  merely  a  change  of 
arrangement.  But  grey  fibres  may  arise  from  the  ganglionic  glo- 
bules, since  it  is  indecfd  a  known  fact  that  grey  fasciculi  arise  in  the 
Gasserian  ganglion,  and  accompany  the  branches  of  the  nervus  tri- 
geminus. (See  WutzfTf  de  Oangliorum  Fahricd.    Berol.  1817.) 

%,  Oanglia  of  the  sympathetic  nerve. — It  is  so  difficult  a  matter 
to  ascertain  what  becomes  of  the  nervous  fibres  in  these  ganglia,  that 
we  have,  in  fact,  not  the  least  knowledge  ou  that  point.  The  main 
question  here,  as  in  other  parts  of  the  nervous  system,  is,  whether 
the  primitive  fibres  really  unite  together,  or  merely  lie  in  juxta-posi- 
tidn,  and  form  interlacements  with  others;  or  whether  they  divide  in 
the  peripheral  direction,  being  thus  multiplied.  If  a  multiplication 
of  fibres  takes  place  in  any  ganglion,  it  is  certainly  most  likely  to  he 
in  those  of  the  sympathetic;  and  it  is,  at  least,  very  difficult  to  sup- 
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pose  that  all  the  primitive  fibres  of  the  abdominal  plexus  are  con- 
tained in  the  roots  which  the  sympathetic  derives  from  the  spinal 
nerves.  But  if  this  multiplication  does  take  place,  it  can  affect  only 
the  delicate  grey  organic  fibres;  for  the  ordinary  primitive  fibres  of 
the  nerves  are  known  to  pass  unchanged  through  the  ganglia  of  the 
sympathetic,  as  through  those  of  the  posterior  roots  of  the  spinal 
nerves. 

The  ganglia  of  the  sympathetic  form  two  series.  The  first  consists 
of  those  which  lie  along  each  side  of  the  spinal  column  at  the  points 
.where  the  roots  of  the  sympathetic  nerve,  coming  from  the  spinal 
nerves,  unite  with  the  longitudinal  cord  of  the  sympathetic;  it  com- 
prehends, therefore,  all  the  cervical,  intercostal,  lumbar,  and  sacral 
ganglia.  To  the  second  series  belong  the  sympathetic  ganglia,  situ- 
ated in  the  middle  line,  or  the  piexiform  ganglia  in  the  plexuses  of 
the  abdomen. 

3.  Ganglia  of  the  cerebrospinal  nerves  at  the  points  where  they 
are  connected  with  branches  of  the  sympathetic. — These  are  the  gan- 
glion petrosum  nervi  glosso-pharyngeiy  the  intumescentia  ganglii- 
formis  on  the  angle  of  the  facial  nerve,the  ganglion  spheno-palatinum 
on  the  second  branch  of  the  nervus  trigeminus,  the  ciliary  ganglion, 
and  perhaps,  also,  the  otic  ganglion,  and  some  others.  Ganglia  are 
not  always  formed,  however,  where  fibres  of  the  sympathetic  unite 
with  fibres  of  the  cerebro-spinal  nerves;  on  the  contrary,  it  happens 
very  rarely;  for  at  not  one  of  all  the  numerous  points  of  origin  of 
the  sympathetic  from  the  cerebral  and  spinal  nerves  is  there  a  gan- 
glion formed.  The  reason  why,  in  the  instances  above  mentioned,, 
the  union  of  fibres  of  the  sympathetic  with  cerebral  nerves  is  attend- 
ed with  the  formation  of  a  ganglion  on  the  latter,  appears  to  me  to 
be  that,  in  these  cases,  branches  of  the  cerebral  nerves  coming  from 
the  brain  are  not  given  off  to  the  sympathetic,  but  that  branches  of 
the  sympathetic  here  join  the  cerebral  nerves;  the  fibres  thus  added 
to  the  nerves  being  continued  then,  not  merely  to  the  brain,  but  in 
the  peripheral  direction  with  the  cerebral  nerve.  If  this  supposition 
were  of  general  application,  an  enlargement  on  a  cerebral  nerve, 
not  at  its  root,  but  in  its  further  course,  at  a  point  where  it  was  con- 
nected with  a  branch  of  the  sympathetic,  would  always  indicate  that 
the  fibres  of  the  sympathetic  were  here  not  derived  as  roots  from  the 
cerebral  nerve,  but  were  fibres  sent  to  the  latter  nerve  from  the 
sympathetic  system.  Thus  in  the  ciliary  ganglion  there  is  a  min- 
gling of  fibres  of  the  nasal  branch  of  the  fifth  nerve,  of  the  branch  of 
the  third  nerve  to  the  inferior  oblique  muscle,  and  of  the  sympathe- 
tic; the  object  of  which  is  not  to  give  new  roots  to  the  sympathetic, 
but  to  bring  into  the  ciliary  nerves  fibres  of  the  sympathetic,  with 
sensitive  fibres  of  the  first  division  of  the  fifth,  and  motor  fibres  of 
the  third  nerve. 

Should  the  above  view  be  confirmed,  then  the  ganglia  in  ques- 
tion,— those  just  considered, — will  no  longer  be  a  distinct  class;  but 
will  belong  to  those  of  the  sympathetic  system,  and  will  be  included 
in  the  second  class.  The  sympathetic  system  would  in  that  case 
have  three  kinds  of  ganglia: 
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1.  The  ganglia  of  the  middle  line,  or  the  plexus-like  ganglia  of  the 
abdomen. 

2.  The  ganglia  of  the  lateral  cords,  lying  at  the  points  of  junction 
of  the  roots  of  the  sympathetic. 

3.  The  ganglia  of  the  sympathetic,  which  are  situated  at  the  points 
of  janction  of  this  nerve  with  the  cerebral  nerves,  and  which  modify 
the  properties  of  the  latter,  and  not  those  of  the  sympathetic. 


CHAPTER  II. 

OK  THE  EXCITABILirr  OV  THE  NEXVES. 

The  laws  of  animal  excitability  in  general  have  been  considered 
In  the  Prolegomena  on  General  Physiology. 
^^  This  property  of  organised  bodies,7--excitability,---is also  possessed 
by  IhfiL_il$iyes,  both  the  general  and  special  endowments  of  which 
are  in  every  instance  manifested  under  the  influence  of  stimuli. 
Physiologists  have  not  however  merely  to  ascertain  the  laws  govern* 
ing  this  general  property,  which,  unfortunately,  was  the  sole  object 
That  occupied  the  attention  of  Brown  and  his  followers;  but  to  in- 
vestigate the  peculiar  forces  themselves  which  are  susceptible  oJ  Ibis 
e^^citation,  and  in  this  there  is  a  great  field  opened  for  experimental 
scifiace.  In  inquiring  into  the  nature  of  the  forces  resident  in  the 
nerves,  it  is  necessary  to  study  the  action  of  all  kinds  of  stimuli  upon 
them, — a  method  of  inquiry  which  acquires  for  physiology  an  ex- 
perimental certainty  similar  to  that  which  the  science  of  physics  and 
chemistry  enjoy  in  reference  to  inorganic  bodiesy/In  chemical  pro- 
cesses, reagents  give  rise  only  to  products,  combinations,  and  decom- 
positions; applied  to  organic  bodies,  and  especially  to  the  nerves, 
their  effects,  how  various  soever  they  themselves  may  be,  are  never 
other  than  manifestations  of  the  forces  proper  to  the  organic  body  or 
tissue  acted  ou,  and,  subsequently,  changes  in  these  forces  or  pro- 
perties; it  will  be  seen  that  all  influences  acting  on  the  nerves  either 
excite  them,  or  produce  an  altered  state  of  their  excitability:  all 
stimuli,  however  diflferent  they  may  be  from  each  other,  act  in  the 
same  manner;  agents  the  most  dissimilar  produce  the  same  effect, 
because  that  on  which  they  act  possesses  but  one  kind  of  excitable 
force,  and  because  they  themselves  act  here  by  virtue  of  the  same 
quality,  that  of  stimulL 

1.  Of  the  Action  of  Siimuli  on  the  Nerves. 

All  stimuli,  as  well  the  internal  organic  as  the  inorganic, — the 
chemical,  mechanical,  caustic,  and  electro-galvanic, — when  applied 
to  parts  endowed  with  sensation,  or  to  sensitive  nerves,  the  connec- 
tion of  the  latter  with  the  brain  and  spinal  cord  being  uninjured, 
produce  sensations.  All  these  difierent  stimuli  resemble  each  other 
in  this  respect, — that  a  certain  degree  of  their  action  produces  merely 
the  phenomena  of  sensation,  while  their  more  violent  action  induces 
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/  changes  in  tho  force  on  which  the  sensibility  depends.    All  stimaliy 
<    organic  and  inorganic,  applied  to  the  nerves  of  muscles,  or  to  the 
/    muscles  themselves,  excite  contraction  of  the  latter;  and  this  effect 
I     is  produced,  as  well  when  the  nerve  is  still  in  connection  with  the 
I     brain,  as  when  its  communication  with  the  nervous  centres  is  cut  off. 
Nerves,  therefore,  have  by  virtue  of  their  excitability  the  property  of 
exciting  contractions  in  muscles  to  which  they  are  distributed;  and 
this  they  do  as  long  as  the  muscles  preserve  their  vitality,  and  as 
long  after  death  as  they,  themselves,  retain  their  exQitability.     For 
the  production  of  contractions  in  a  muscle,  by  irritating  its  nerve,  it  is 
necessary  that  the  latter  shall  not  have  lost  its  integrity  between  the 
point  irritated  and  the  muscle,  although  its  connection  with  the  brain 
or  spinal  marrow  may  not  be  preserved;  while,  on  the  other  hand, 
all  stimuli  produce  sensation  in  a  nerve,  whether  it  is  entire  or  mu- 
tilated, as  long  as  an  uninterrupted  communication  subsists  between 
the  part  irritated  and  the  spinal  cord  or  brain. 

a.  Mechanical  stimuli. — Every  kind  of  mechanical  irritation, — 
stretching,  compressing,  or  puncture, — excites  in  sensitive  nerves, 
mider  the  conditions  already  mentioned,  sensations;  provided  the 
mechanical  influence, — for  instance,  the  compression, — is  not  so  vio- 
lent as  to  destroy  the  power  of  the  nerve.  Sensation  ensues  when- 
ever the  extremities,  branches,  or  stump  of  a  divided  nerve  are 
irritated,  if  the  connection  of  the  nerve  with  the  brain  and  spinal 
marrow  is  not  interrupted.  Mechanical  irritation  of  the  sensitive 
nerves  of  the  trunk,  and  of  their  divisions,  produces  merely  the  varie* 
ties  of  common  sensation,  namely,  pain,  and  the  sensation  of  touch; 
irritation  of  the  neryes  of  sight  and  the  retina,  on  the  contrary,  gives 
rise  to  no  pain,  according  to  Sir  C.  Bell  and  M .  Magendie,  but  to  the 
perception  of  light,  as  we  know  from  common  experience  of  the 
jeffect  of  pressure  or  of  a  blow  upon  the  eye.  Mechanical  impres- 
sions on  the  auditory  nerve,  such  as  are  produced  by  the  vibrations 
of  sonorous  media,  or  the  jarring  of  the  head  and  ear  in  long  jour- 
neys, give  rise  to  the  sensation  of  sound,  but  not  to  pain,  of  which, 
it  appears,  the  auditory  nerve  is  not  susceptible. 

So  also,  if  with  a  needle  we  tear,  prick,  bruise,  drag,  or  stretch 
a  nerve  distributed  to  a  muscle,  contraction  of  the  latter  is  produced, 
and  indeed  as  powerful  a  contraction  as  is  excited  by  any  galvanic 
or  electric  influence.  The  part  of  the  nerve  which  is  connected  with 
the  muscle,  will  still  retain  this  power,  however  much  we  may  cur- 
tail it;  but  irritation  of  the  other  portion  of  a  divided  nerve,  that 
which  is  in  connection  with  the  spinal  cord  and  brain,  never  excites 
contractions  of  the  muscles. 

Mechanical  irritation,  when  so  violent  as  to  injure  the  delicate 
texture  of  the  primitive  nervous  fibres,  deprives  the  nerves  of  their 
power  of  producing  sensations,  when  irritation  is  again  applied  at  a 
.point  more  distant  from  the  brain  than  the  injured  spot;  and  in  the 
same  way,  no  irritation  of  a  nerve  distributed  to  a  muscle  is  capable 
of  exciting  contraction  of  the  latter,  if  the  nerve  has  been  compressed 
and  bruised  between  the  point  of  irritation  and  the  muscle;  the 
effect  of  such  an  injury  being  the  same  as  that  of  division.    The  sen- 
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fili?e  power  of  a  nenre,  therefore,  is  interrupted  by  any  mecbanioal 
AMtruction  of  its  texture  between  the  brain  and  the  part  stimulated; 
and  the  motor  power  by  the  same  injury  affecting  it  betweei^  the 
irritated  part  and  the  muscle.  But  the  mechanical  injury  produced 
by  pressure  destroys  the  power  of  the  nerve  only  locally:  irritation 
applied' at  any  point  between  the  injured  part  and  the  brain  excitiss 
•uisation;  at  any  point  between  the  injured  part  and  the  muscles, 
contraction  of  the  latter.  If,  however,  the  nerve  of  a  muscle  is 
etretched  violently  in  its  whole  length,  it  frequently  loses  its  ezcita* 
bUity  to  the  same  extent:  and  even  the  muscle  sometimes  in  this 
case^loses  its  irritability,^nd  cannot  be  made  to  contract  by  any 
manner  of  stimulus. 

i.  Temperature.-^HeBi  and  cold  likewise  excite  sensation,  and 
contraction  of  muscles. 

When  heat  is  applied  to  the  nerve  going  to  a  muscle,  or  to  the 
inosole  itself,  contractions  of  it  are  produced.  These  contractions 
are  very  violent  when  the  flame  of  a  candle  is  applied  to  the  nerve, 
an  experiment  which  I  have  performed  both  in  frogs  and  rabbits: 
while  less  elevated  degrees  of  heat,— for  example,  that  of  a  piece  of 
iron  merely  warmed,— do  not  irritate  sufficiently  to  excite  action  of 
Ibe  muscles. 

The  application  of  cold  has  the  same  effect  as  heat;  thus  it  is  an 
old  observation,  that  violent  contractions  of  a  muscle  immediately 
ensue  when  cold  water  is  injected  into  its  artery;  cold  water  applied 
10  Ihe  surface  of  a  muscle  likewise  causes  it  to  contract.  This  action 
of  cold  on  muscles  has  been  taken  advantage  of  in  the  practice  of 
laedicine;  thus,  in  cases  of  atony  of  the  uterus,  and  of  uterine  hemor- 
riiage  after  delivery,  cold  water  has  been  injected  into  the  vessels  of 
the  still  adherent  placenta. 

Sympathetic  contractions  of  the  iris  are  produced  by  drawing  cold 
water  into  the  nostrils.  Great  degrees  of  cold  and  heat,  whether 
their  application  is  sudden  or  gradual,  destroy  the  nervous  energy, 
and  give  rise  to  death  or  asphyxia.  The  action  of  cold  or  heat  very 
gradually  increased  sometimes  reduces  the  excitability  to  a  latent 
state,  producing  the  hybernation  and  summer  sleep  of  certain  ani- 
imIs. 

vThe  effect  of  the  local  action  of  an  excessive  degree  of  artificial 
cokl  or  heat  on  the  nerves,  is  the  same  as  that  of  destructive  me- 
chanical irritation^\  The  sensitive  and  motor  power  in  the  part  is 
destroyed,  but  all  the  other  parts  of  the  nerve  retain  their  excitability; 
and,  after  the  extremity  of  a  divided  nerve  going  to  a  muscle  has 
been  burnt,  contractions  of  the  muscle  may  be  excited  by  irritating 
the  nerve  below  the  burnt  part:  of  this  I  have  convinced  myself  by 
experiments  on  frogs  and  rabbits. 

c.  Chemical  stimuli. — All  chemical  irritants  excite  the  sensitive 

Eower  of  the  nerves,  as  long  as  the  connection  of  the  latter  with  the 
rain  and  spinal  cord  has  suffered  no  interruption.  Alkalies  excite 
contractions  of  the  muscles  likewise  when  applied  to  their  nerves; 
many  other  reagents,  particularly  the  acids  and  metallic  salts,  for 
example,  the  mineral  acids,— sulphuric,  nitric,  and  muriatic  adds. 


I 


5D0  SLECniC  STUnTLI  ok  TRX  irXRTXS. 

bichloride  of  mercuiy^  and  muriate  of  ammonia,  and  moreover 
alcohol,  do  not  excite  the  slightest  contraction  of  the  muscles  ^irhen 
applied  to  the  nerves,  but  must  be  applied  to  the  muscles  them- 
selves. All  these  substances  in  a  concentrated  state  destroy  th^ 
power  of  the  nerve  at  the  point  to  which  they  are  applied,  so  that 
irritation  by  other  stimuli  is  incapable  of  exciting  their  motor  action, 
unless  applied  between  the  injured  spot  and  the  muscles.  All  the 
substances  named  have  likewise  a  destructive  action  on  the  muscular 
substance,  but  excite  contractions  at  the  moment  of  their  application; 
the  last  effect  is  least  marked  in  the  case  of  alcohol,  though  I  have 
perceived  it  some  few  times  in  rabbits. 

The  most  violent  contractions  of  the  muscles,  often  much  stronger 
than  those  produced  by  the  galvanic  influence  of  a  single  pair  of 
plateis,  are  excited  by  touching  the  nerves  with  alkalies.  I,  as  well 
as  the  Baron  A.  von  Humboldt,  have  seen  this  effect  from  caustic 
potash.  Humboldt^  has  seen  the  tremor  of  the  muscles  continue 
forty  or  fifty  seconds.  He  likewise  observed  that  the  twitchings  of 
the  muscles  were  produced,  although  one  or  more  ligatures  had  been 
placed  on  the  nerve.  In  this  case  the  ligatures  formed  a  conducting 
medium  for  the  alkali.  Humboldt  could  produce  no  contractions  by 
means  of  acids;  the  only  substances  which,  according  to  him,  excite 
contractions  of  the  muscles  when  applied  to  the  nerves,  are  potash, 
soda,  ammonia,  opium  (?),  muriate  of  barytes,  arsenic  acid,  tartrate 
of  antimony,  alcohol  (?),  and  chloric  acid  (?).  I  have  seen  no 
twitchings  of  the  muscles  follow  the  application  of  the  two  last- 
mentioned  substances,  or  of  opium  alone,  in  the  state  of  watery 
solution,  to  the  nerves.  Humboldt  employed  the  tincture  of  opium, 
80  that  the  effect  might  have  been  owing  to  the  spirit;  but  yet,  in 
one  experiment,  which  I  performed  with  the  tincture  of  opium,  no 
contractions  of  the  muscles  were  excited.  Chemical  irritants  intro- 
duced into  the  blood  likewise  act  on  the  excitability  of  the  nerves. 
Thus,  it  is  well  known  that  emetic  substances  introduced  into  the 
blood-vessels  produce  the  same  effect  as  when  taken  into  the  sto- 
mach; tartar  emetic  and  muriate  of  barytes  applied  to  wounds 
excite  vomiting.t 

d,  Eleciric  siimuli.X'^Elecinciiy  produces  in  the  nerves  the  same 
phenomena  of  reaction  that  follow  the  application  of  mechanical 
and  chemical  stimuli.  Mechanical  violence,  as  in  striking  the  ulnar 
nerve  at  the  elbow,  gives  rise  to  the  sensation  of  a  shock;  and  the 
same  sensation  is  felt  when  an  electric  discharge  is  passed  through  a 
nerve,  ^ut  this  effect  must  be  regarded  merely  as  a  sensation;  as  a 
mode  of  reaction  of  the  nerve,  with  which  its  cause,  the  electricity, 
must  not  be  confounded.  The  sensation  of  the  blow  or  shock  is  not 
the  action  of  the  electricity7  but  is  the  action  of  the  nerve,  which 

*  Vertache  aber  die  gereizte  Maskel-and  Nerven-faser.  Poscn,  1799.  Bd.  ii. 
p.  363. 

f  ScbeeU  Nordisches  ArchiT.  S.  Sl  1.  p.  137. — Magendie,  aor  le  Vomiase- 
ment,  pp.  16-30.— B rod ie,  Philoa.  Tranaact.  1813. 

^  See  the  article  by  J.  Miiller  in  the  Encyolop.  Worterbuch  der  Medicin. 
Wiasenachaften. 
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becomes  the  seat  of  this  sensation  whenever  a  violent  change  in  the 
state  of  its  component  parts  is  produced  either  by  animal  or  me- 
chanical stimuli,  or  by  electricity. 

The  discovery  of  galvanic  electricity  in  1790  has  been  the  oc- 
casion of  the  excitability  of  the  nerves  bein^  more  investigated^ 
namely,  by  the  application  of  the  stimulus  of  electricity  to  indivi- 
dual nerves;  but  in  this  important  agent  we  have  not  become  ac- 
quainted with  a  fluid  similar  in  its  action  to  the  nerves,  but  merely 
with  a  new  stimulus  of  the  nerves  in  addition  to  those  already 
Jcnown.  Different  metals,  and  many  other  bodies,  even  animal  sut^ 
stances  of  heterogenous  composition,  when  brought  into  contact,  are 
thrown  into  a  state  of  electric  tension,  which  ceases  when  the  two 
bodies  are  made  to  communicate  at  other  points  through  the  medium 
of  a  conducting  subtance, — that  is  to  say,  when  the  circle  is  closed, — 
the  equilibrium  being  then  restored;  and  if  a  reagent  for  electricity 
forms  part  of  the  circle,  the  phenomena  peculiar  to  electricity  ensue. 
The  leg  or  any  other  muscular  part  of  a  frog  or  other  animal  lately 
killed  being  separated  from  the  body,  the  muscles  laid  bare,  and  the 
nerve  dissected  out,  but  left  connected  by  its  branches  with  the  mus- 
cles, if  the  part  so  prepared  be  laid  upon  an  insulating  plate  of  glass, 
and  two  different  metals — for  example,  zinc  and  copper, — brought 
into  contact  with  each  other,  and  at  the  same  time  with  the  nerve 
and  muscle,  a  contraction  of  the  muscle  takes  place  at  the  moment 
that  the  circle  is  closed,  and  frequently  also  when  it  is  again  inter- 
rupted. The  same  effect  is  produced  when  the, two  metals,  while  in 
contact  with  each  other,  are  made  to  touch  at  the  sanme  time  the 
nerve  or  the  muscle  only.  The  experiment,  as  here  described, 
lUways  succeeds.  There  are  many  other  more  simple  modifications 
of  the  experiments  with  galvanism,  the  knowledge  of  which  we 
owe  to  the  excellent  labours  of  Aldini,  Pfaff,  Ritter,  and,  above  all, 
of  Humboldt:  but  these  succeed  only  when  the  frogs  are  in  a  state  * 
of  great  excitability,  naipely,  before  the  pairing  season,  in  the  cold 
part  of  the  year  after  hybernation,  and,  according  to  my  observation, 
m  the  autumn,  when  the  atmosphere  is  again  becoming  cold — but 
not  in  the  summer.  These  more  simple  experiments  are  the  most 
important  with  reference  to  the  theory  of  the  phenomena  produced; 
they  are  the  following: — 

1.  Experiments  in  which  the  galvanic  circuit  is  not  farmed.-^ 
Humboldt  has  discovered,  that  when  the  excitability  of  the  frogs  is 
great,  it  is  sufficient  that  two  portions  of  different,  or  even  of  the 
same  metal,  should  touch  each  other,  and  that  one  of  these  be  brought 
into  contact  with  the  nerve,  no  circuit  being  here  formed;  and  it 
sometimes  happens  indeed,  though  very  rarely,  (I  have,  however, 
myself  observed  it,)  that  the  frog's  limb  being  very  excitable,  the 
mere  contact  of  the  nerve  with  a  single  homogeneous  portion  of 
metal  will  excite  muscular  contraction.  Pfaff  (Gehler^s  PhysikaL 
Wbrterbuchj  iv.  2,  p.  709,)  saw  twitchings  produced  by  merely 
bringing  the  end  of  the  divided  nerve  into  contact  with  the  surface 
of  quicksilver;  and  I  witnessed  the  same  phenomenon  several  times  ' 
on  touching  the  nerve  with  the  point  of  a  pair  of  scissors,  or  of  a  plate 
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of  zinc,  which  I  held  in  my  hand,  and  which  consequently  was  of 
different  temperatures  at  its  two  ends. 

2.  Experiments  with  the  galvanic  circuit. — The  experiments  of 
this  kind  also  may  be  reduced  to  a  very  simple  form  when  the  frogs 
are  in  a  state  of  great  excitability;  it  is,  however,  only  in  the  colder 
seasons  of  the  year, — in  the  winter,  spring,  and  autumn, — that  they 
succeed.  Thus,  contractions  of  the  muscles  are  sometimes  produced, 
as  Humboldt  discovered,  when  the  circle  is  formed  of  animal  sub- 
stances only,  or  when  it  is  formed  of  animal  substances  and  a  single 
metal,  the  place  of  the  heterogeneous  metals  being  supplied  by  hete- 
rogeneous  animal  substances. 

A.  The  circle  may  consist  of  a  single  metal  with  the  nerve  and 
muscle  of  the  frog's  leg.  In  this  experiment  I  succeeded  very  fre- 
quently and  readily  in  the  spring,  before  the  frog's  pairing  time,  and 
in  the  latter  part  of  the  autumn.  (See  page  71.)  The  usual  effects 
were  produced  still  more  readily  when  I  interposed  a  piece  of  the 
flesh  of  a  frog  between  the  zinc  plate  and  the  muscle  of  the  leg,  or 
when  my  own  body  formed  part  of  the  circle.     (Page  71.) 

B.  The  nerve  and  muscle  of  the  limb  may  be  connected  merely 
by  moist  animal  substance:  the  nerve,  dissected  out,  being  brought 
into  communication  with  the  muscle  by  means  of  a  separate  piece 
of  muscle  fixed  to  an  insulating-rod  of  sealing-wax,  contractions  of 
the  muscles  are  excited.  This  was  first  observed  by  Humboldt,  and 
I  have  several  times  performed  the  experiment  with  success.  I  have 
made  the  experiment  also  in  another  similar  but  more  complicated 
manner,  either  closing  the  circle  with  my  own  body,  by  touching  the 
leg  and  the  nerve  of  the  thigh  with  my  hands,  or  connecting  the  leg 
and  ischiadic  nerve  by  means  of  one  or  two  living  frogs,  or  one  or 
two  dead  frogs,  or  by  portions  of  the  body  of  a  frog.  When  sufficient 
excitability  is  present,  pieces  of  the  body  even  of  a  dead  and  putrid 
frog  are  adequate  to  complete  the  circle.  The  same  effect  is  pro- 
duced likewise,  as  I  have  found,  by  allowing  the  ischiadic  nerve  to 
hang  from  the  leg  into  a  saucer  containing  either  blood  or  water,  (it 
matters  not  which,)  the  fluid  and  the  muscles  of  the  thigh  being 
brought  into  connection  by  means  of  a  portion  of  fresh  or  putrid 
flesh. 

C.  Circles  of  animal  substance  merely  have  been  shown  by  Hum- 
boldt to  excite  twitching,  when  only  the  nerve  of  the  limb,  and  not 
the  muscles,  are  included  in  the  circuit.  Humboldt  touched  the 
ischiadic  nerve  with  one  hand,  and  at  the  same  time  brought  a  piece 
of  muscular  substance,  which  he  held  in  the  other  hand,  into  contact 
with  the  sande  nerve;  twitchings  of  the  muscles  were  produced. 
When  a  piece  of  ivory  was  used  in  place  of  the  muscle  no  twitching 
followed. 

D.  Slight  twitches  of  the  muscles  likewise  ensue  sometimes, 
(though  this  is  the  experiment  which  produces  them  most  rarely,) 
when  the  nerve  is  bent  back,  and  made  to  touch  the  muscle  with 
which  its  branches  are  organically  connected. 

The  first  phenomena  of  this  kind  were  observed  by  Humboldt. 
He  stripped  a  frog  of  its  skin,  removed  ail  the  parts  between  the 
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pelvis  and  end  of  the  spinal  cord,  with  the  exception  of  the  nerves 
of  the  lower  extremities,  which  were  therefore  connected  with  the 
trunk  by  the  nerves  alone,  and  now  carried  forwards  the  lower  ex- 
tremity so  as  to  make  the  muscle  of  the  thigh  touch  softly  the  nerves 
just  mentioned:  violent  contractions  of  the  muscles  were  produced, 
{Humboldt^  fiber  die  gereizte  Muskel-und  Nerven-fasery  i,  p.  32.) 

To  a  similar  experiment  performed  by  Galvani,  it  was  objected 
by  Yolta,  that  the  contractions  of  the  muscles  were  the  effects  of  the 
mechanical  stretching  of  the  nerve,  and  consequently  were  not  to  be 
regarded  as  a  galvanic  phenomenon.  According  to  my  observation, 
this  is  likewise  the  case  in  M.  Humboldt's  experiment;  I  found  that 
the  contraction  of  the  muscles  frequently  took  place  long  before  the 
nerve  and  the  surface  of  the  limb  came  into  contact. 

The  following  may  be  regarded  as  the  general  conditions  necea^ 
sairy  for  the  production  cf  muscular  contractions  by  galvanic 
i9\ftuence. 

When  the  galvanic  circle  is  used,  there  must  be  three  substances, 
— two  excitors  of  electricity,  and  a  conductor  connecting  them.  The 
ez^itprs  may  be  heterogeneous  animal  substances  living  or  dead, 
such  as  nerve  and  muscle,  or  muscle  and  skin.  The  conductor  like- 
wise may  be  a  third  animal  substance;  and  even  of  the  same  nature 
as  one  of  the  excitors:  thus  a  portion  of  a  nerve,  and  the  muscle  and 
nerve  of  the  limb  in  which  they  are  organically  connected,  are 
adequate  to  constitute  a  galvanic  circuit;  but  the  muscle  and  nerve 
of  the  limb,  without  the  aid  of  a  third  body,  whether  similar  to 
one  of  them  or  not,  are  insufficient.  The  nerve  being  bent  back, 
and  brought  into  contact  with  the  muscle  of  the  leg,  causes  no 
twitchings,  unless  the  skin  of  the  leg  remains  interposed  between  the 
nerve  and  muscle;  but  a  third  substance,  even  though  similar  in  na- 
ture to  either  the  muscle  or  nerve,  if  not  organically  connected  with 
them,  is  capable  of  forming  with  them  a  galvanic  circle,  and  of  ex- 
citing muscular  contractions:  this  third  substance,  we  have  seen,  may 
be  a  separate  portion  of  nerve  or  muscle. 

When  the  electro-excitors  are  both  metals,  the  nerve  and  muscle 
of  the  limb  are  at  the  same  time  conductors  (like  all  moist  sub- 
stances) and  electrometers,  the  nervous  principle  being  excited  to 
action  by  the  stimulus  of  the  electric  fluid.  They  constitute  an  elec- 
trometer in  this  case,  in  the  same  way  that  inorganic  instruments, 
such  as  the  magnetic  multiplicator,  are  electrometers  under  similar 
circumstances.  When  the  nerve  and  muscle  of  the  limb  become 
electro-excitors,  they  also  act  at  the  same  time  as  an  electrometer. 
When  the  contractions  of  the  muscles  are  excited,  not  by  a  galvanio 
circuit,  but  by  the  mere  application  to  the  nerve  of  two  heterogeneous 
metala  which  are  in  contact  with  each  other,  or  of  a  single  metal,  th^ 
nerve  must  be  regarded  as  an  electrometer  merely,  which  indicates 
the  existence  of  electric  tension  in  two  metals  of  different  kinds,  or 
in  one  metal  in  a  thermo-electric  state. 

The  nerveSj  when  excited  by  galvanism  to  the  production  of 
muscular  contractionSj  do  not  act  as  mere  conductors  of  the  elec* 
tricity.-^This  ia  proved  by  the  fact  that  the  muscles  cau  be  excited 
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to  action  by  applying  both  poles  of  the  circle  to  the  nerve,  so  as  to 
direct  a  galvanic  current  through  It  transversely,  if  the  texture  of  the 
nerve  is  sound  between  the  point  galvanised  and  the  muscle;  while, 
if,  at  any  intermediate  point,  its  texture  has  been  destroyed  by 
bruising  or  by  a  ligature  being  applied,  the  action  of  the  galvanism 
on  the  muscles  is  prevented.  A  nerve,  therefore,  which  is  contused 
or  tied  with  a  moist  thread,  is  unable  to  conduct  the  active  nervous 
principle.  Nevertheless,  when  thus  injured,  it  is  as  good  a  conduc- 
tor of  electricity  as  before:  for  if  one  of  the  poles  of  the  galvanic 
circle  is  appUed  above  the  ligature,  and  the  other  below  it,  the  elec- 
tric current  passes  through  the  ligatured  part;  and  the  nervous 
f)rinciple  of  that  part  of  the  nerve  which  is  situated  between  the 
igature  and  the  muscle  being  within  the  circle,  aiul  therefore  irri- 
tated by  the  electric  current,  excites  the  muscles  to  contract.  It  is  a 
remarkable  circumstance,  which  Humboldt  first  observed,  that  when 
it  is  desired  to  excite  the  contraction  of  a  muscle  by  applying  one 
pole  of  the  galvanic  circle  to  the  muscle,  and  the  other  to  its  nerve 
which  has  been  previously  surrounded  with  a  ligature,  a  certain 
extent  of  nerve  must  be  left  free  between  the  point  where  it  is  tied 
and  the  muscle;  for,  if  the  ligature  is  applied  too  close  to  the  muscle, 
the  galvanic  current  fails  to  produce  any  effect  till  the  nerve  has 
been  dissected  out  from  the  muscle  for  a  certain  extent.  The  effect 
dn  the  muscles  is  likewise  prevented,  even  when  there  is  between 
them  and  the  ligature  a  free  portion  of  nerve,  by  surrounding  this 
with  some  pieces  of  muscle,  wet  sponge,  or  metal.  It  appears, 
therefore,  that,  in  the  mode  of  operating  mentioned  by  Humboldt, 
the  nerve  between  the  muscle  and  the  ligature  must  be  insulated. 

In  all  experiments  in  which  the  legs  of  frogs  are  submitted  to  gal- 
vanism, the  contractions  of  the  muscles  are  stronger  in  proportion  to 
the  length  of  the  nerve  going  to  them  (Pfaff).  The  effect  of  the 
galvanic  stimulus  extends  always  in  the  direction  from  trunk  to 
branches:  when  both  poles  of  a  galvanic  circle  are  applied  to  a  nerve, 
no  contractions  are  excited  in  muscles  supplied  by  branches  which 
come  off  from  the  nerve  at  a  higher  point;  but  all  the  muscles  are 
thrown  into  contraction  which  receive  branches  from  the  nerve  be- 
low the  part  galvanised.  The  strength  of  the  muscular  contraction 
always  depends  on  the  number  of  nervous  fibres  which  lie  within 
the  galvanic  circle:  hence  the  contraction  is  most  trifling  when  the 
muscle  alone  is  included  in  the  circle;  only  that  part  of  the  muscle 
then  acts,  the  nervous  fibres  of  which  are  exposed  to  the  galvanic 
current.  Hitter  and  other  physiologists  have  observed  that,  during 
the  gradual  loss  of  irritability  which  takes  place  in  parts  separated 
from  the  body,  all  parts  of  the  nerve  do  not  fail  in  their  irritability 
■with  the  same  rapidity,  but  that  the  decline  advances  by  degrees 
from  the  cerebral  extremity  of  the  nerve  along  its  branches. 

Some  nerves,  which  are  distributed  to  muscles,  are  nevertheless 
incapable  of  exciting  muscular  contractions  under  the  influence  of 
the  galvanic  stinAtlus,  both  poles  of  the  circle  being  applied  to  the 
nerves  themselves. — This  is  the  case  with  the  posterior  roots  of  the 
spinal  nerves,  while  the  anterior  are  exeessively  susceptible  of  the 
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galvanic  stimulus.  1  have  likewise  shown  by  experiment  that  the 
same  stimulus  excites  no  motor  action  when  appliedto  the  gustatory 
branch  of  the  fifth  nerve.  This  extraordinary  resuh  may  be  ex- 
plained in  either  of  two  ways:  namely,  by  supposing  that  the  motor 
roots  alone  have  the  vital  endowment  of  causing  the  muscles  to  con- 
tract, or  by  admitting,  what  is  possible,  that  the  motor  roots  transmit 
impressions  in  the  centrifugal  direction  only,  the  sensitive  roots  only 
in  the  centripetal  direction. 

The  stimulus  of  galvanism  excites  in  all  the  organs  of  sense 
different  sensations —in  each  organ j  namely ^  the  sensation  proper 
to  it. — The.  peculiar  taste  produced  by  including  the  tongue  in  a  gal- 
vanic circle  is  well  known.  When  a  piece  of  zinc  is  applied  to  the 
point  of  the  tongue,  and  silver  to  its  back  part,  an  acid  taste  is  pro- 
duced, which  is  rather  sharp  or  alkaline  when  the  metals  are  reversed. 
The  same  result  may  be  obtained  by  using  only  one  metal  and  a 
moist  substance  as  an  exciter  of  electricity,  as  in  the  foilowing  ex- 
periment described  by  Volta: — A  pewter  cup  filled  with  soap  and 
water,  lime  and  water,  or,  still  better,  with  a  moderately  strong  ley, 
being  held  with  one  or  both  hands  previously  moistened  with  water, 
and  the  point  of  the  tongue  brought  into  contact  with  the  fluid,  tlie 
sensation  of  an  acid  taste  is  immediately  perceived.  Pfaff  (/oe. 
ei7.)  remarks,  with  reference  to  this  experiment,  that  it  appears 
to  prove  that  the  taste  excited  by  the  action  of  galvanism  on  the 
tongue  is  not  owing  to  the  decomposition  of  the  muriate  of  soda  of 
the  saliva,  and  the  disengagement  of  the  acid  at  the  positive,  and  of 
the  alkali  at  the^  negative  pole;  for  here  the  tongue  being  brought 
into  contact  with  an  alkaline  fluid,  the  saliva  could  not  liave  become 
acid.  In  fact,  the  taste  produced  by  Rnivanism  is,  like  all  sensations 
of  taste,  the  result  of  the  specific  reaction  of  the  gustatory  nerve;  a 
particular  taste  therefore  is  only  an  internal  condition  excited  in  the 
nerve,  and  not  a  property  of  the  stimulus  which  produces  it.  It  has 
not  at  present  been  much  observed  whether  peculiar  smells  are  pro- 
duced by  the  application  of  galvanism  to  the  olfactory  organ;  Ritter, 
{Beitrdge  zur  nilheren  Kenntniss  des  Galvanismus^  p.  160,)  how- 
ever, has  perceived  them;  and  it  is  a  known  fact,  that  the  electricity 
excited  by  friction  gives  rise  to  the  smell  of  phosphorus. 

In  the  eye,  a  feeble  galvanic  current  excites  the  special  sensation 
of  the  optic  nerve,  namely,  the  sensation  of  light.  Ritter  and  Pur- 
kinje  have  sho.wn  how  the  sensations  of  colours  are  excited  in  the 
eye.  The  sensation  of  light  in  the  eye  thus  produced  is  not  a  de- 
velopment of  the  matter  of  light,  but  is  merely  the  reaction  of  the 
optic  nerve,  which  is  susceptible  of  the  sensations  of  light  and  colours 
only,  but  not  of  pain.  It  is  a  particular  state  of  the  optic  nerve,  just 
as  pleasant  and  painful  sensations  are  particular  states  of  the  nerves 
of  common  sensation.  This  view  of  the  nature  of  the  appearances  of 
light  in  the  eye  has  been  established  by  the  experiments  of  Purkinje 
and  myself,  and  is  also  adopted,  we  observe,  by  physical  inquirers  of 
the  first  rank,— for  example,  by  Pfafi". 

In  the  auditory  nerve,  electricity  produces  the  sensation  of  sound. 
Volta  states  that,  when  the  poles  of  a  battery  of  forty  pairs  of  plates 
43 
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were  applied  to  his  ears,  he  felt  a  shock  in  his  head,  and  a  fev  mo- 
ments afterwards  perceived  a  hissing  and  pulsatory  sound  like  that 
of  a  viscid  substance  boiling,  which  continued  as  long  as  the  circle 
was  closed.  {Philos.  Transact.  1800,  p.  427.)  Ritter  relates  thatj^ 
en  closing  the  galvanic  circle  when  both  his  ears  were  included  in  it, 
he  was  sensible  of  the  sound  of  G  treble:  if  but  one  ear  was 
in  the  circuit,  and  the  positive  pole  applied  to  it,  the  sound 
was  lower  than  6;  if  the  negative  pole  was  applied  to  the 
ear,  the  sound  was  higher. 

2. '  Of  the  changes  produced  in  the  excitability  qf  the  nerves  by 

stimuli. 

Thus  far  we  have  considered  merely  the  reaction  of  the  nervous 
forces  under  the  influence  of  stimuli.  We  have  now  to  investigate  the 
changes  which  these  forces  themselves  undergo.  All  stimuli,  which, 
by  producing  changes  in  the  peculiar  matter  of  the  nerves,  excite 
reaction  of  them,  are  also  capable  of  modifying  their  state  of  excita* 
bility.  Reaction  is  always  attended  with  an  expenditure  of  power; 
it  is  the  result  of  the  change  produced  in  the  organic  matter,  which 
is  greater  in  proportion  to  the  duration  of  the  excitement.  During 
a  normal  state  of  life  the  excitation  is  never  so  great  that,  in  conse- 
quence of  the  change  induced,  the  faculty  of  manifesting  the  vital 
fiiculties  is  perceptibly  injured.  The  daily  changes  in  the  system, 
consequent  on  the  action  of  stimuli,  are  counterbalanced  by  the  pro- 
cesses of  nutrition.  But  if  the  action  of  the  stimulus  is  more  violent, 
a  longer  time  is  required  for  restoration  to  be  effected,  and  the  in- 
tensity of  the  excitement  may  t>e  such  as  to  exhaust  the  whole  vital 
force  of  the  organ.  We  are  daily  made  conscious  of  these  laws  in 
the  exercise  of  our  power  of  muscular  motion,  of  the  generative  funo* 
tion,  and  of  the  mental  faculties,  they  are  also  exemplified  in  the 
effects  of  the  immediate  application  of  stimuli  to  the  nerves.  If  a 
nerve  is  submitted  to  the  long-continued  action  of  galvanism,  the 
muscular  contractions,  which  are  excited,  become  more  and  more 
feeble,  until  at  length  they  cease,  and  some  time  elapses  before  they 
can  be  re-excited;  the  nervous  power,  in  fact,  must  first  have  been 
restored  bv  the  contact  of  the  blood.  It  is  the  same  with  sensations. 
The  longer  the  eyes  are  fixed  upon  a  coloured  object,  the  less  dis- 
tinct becomes  the  colour,  till  at  length  it  is  lost  and  the  object  appears 
gray;  the  retina  acted  ou  by  the  stimulus  of  light  becoming  exhausted, 
and  at  last  insensible,  [in  all  these  cases  the  exhaustion  of  the  ner- 
vous excitability  is  the  effect  of  the  previous  excitement,  and  not  of 
any  peculiar  action  of  the  exciting  influences.  The  irritability  may, 
however,  be  exhausted  immediately,  without  previous  excitement, 
by  a  foreign  agent  acting  at  the  cost  of  the  organic  combination,  and 
destroying  the  nerve  while  it  annihilates  the  nervous  power.  This 
is  the  effect,  for  instance,  of  the  most  intense  degree  of  electric  action, 
as  in  lightning;  of  mechanical  pressure  likewise,  by  which  the  nerve 
and  its  primitive  fibres  are  crushed:  such  also  is  the  action  of  chemi- 
cal agents,  which  destroy  the  organic  combinations  of  the  nervous 
■ubstance,  and  decompose  it;  for  example,  of  the  mineral  acids,  the 
metallic  salts,  and  pure  alcoholT] 
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If  this  external  influence  acts  on  all  the  nenres  of  the  body  simnl- 
taneously,  as  is  done  by  the  electricity  in  lightning  or  in  the  dis- 
cbarge of  a  strong  battery,  or  if  the  entire  length  of  a  nerve  is 
extended  and  stretched,  the  irritability  of  the  whole  system  or  of  the 
whole  nerve  is  destroyed.  If  the  influence  be  such  as  afiects  only 
one  point  of  the  nerve, — as  when  it  is  submitted  to  a  caustic  sub- 
stance, pressure,  or  contusion, — the  nervous  power  is  destroyed  in 
this  point  only,  and  between  it  and  the  muscle  the  nerve  is  still  sus- 
ceptible of  being  excited  to  motor  action. 

Heat  and  cold,  when  their  action  is  not  carried  beyond  a  certain 
degree  of  intensity,  nor  continued  beyond  a  certain  time,  are  stimu- 
lants; but  if  their  action  be  more  violent  and  long  continued,  they 
have  a  contrary  efiect. 

Cold,  which,  like  heat,  is  capable  of  exciting  inflammation  and 
gangrene,  benumbs  the  limbs,  or  deprives  them  of  sensation  and 
motion.  This  efiect  may  be  either  local  or  general.  The  local 
action  of  heat,  when  it  does  not  produce  inflammation  and  mortifi- 
cation, appears  to  excite,  and  not  to  benumb;  but  the  general  long- 
continued  influence  of  heat  is  also  productive  of  exhaustion  of  the 
nervous  functions. 

In  the  case  of  some  influences  which  destroy  the  nervous  power, 
a  transitory  excitement  seems  to  precede  the  destruction  of  the  ex- 
citability; this  is  the  case,  for  example,  when  a  nerve  is  crushed,  or 
when  an  alkali  is  applied  to  it.  The  same  phenomena  of  excitement 
are  still  more  evident  in  the  eflects  of  a  great  part  of  the  substances 
called  narcotics,  the  principal  action  of  which  appears  to  be  the  pro- 
duction of  a  change  in  the  composition  of  the  nerves,  and,  when  very 
intense,  the  abolition  of  the  nervous  power. 

A  large  class  of  substances  have,  in  the  state  of  solution,  a 
apecific  influence  on  the  nerves,  destroying  their  power,  although 
tbey  have  no  particular  chemical  properties  as  tested  by  reagents, 
and  have  not  a  solvent  action  on  organic  compounds  generally. 
These  are  the  *^alterantia  neruinay"  or  <<  narcotics.^*  They  all  pro- 
duce a  change  in  the  component  matter  of  the  nerves.  Some — for 
example,  opium  and  nux  vomica — are  in  small  doses  stimulant, 
their  depressing  action  being  less  marked;  but  all,  when  given  in 
large  doses,  immediately  deaden  the  excitability  by  producing 
change  in  the  nervous  matter.  That  ^UQh .  a  change,  not  recog- 
nisable by  our  senses,  nor  by  jchemical  tests,  is  really  produced  in 
the  nervous  matter,  is  probable,  and  it  is  necessary  to  adopt  the  sup- 
position: but  the  only  sign  which  we  have  of  it  is  the  loss  of 
nervous^power;  the  nerve  which  is  paralysed  by  the  narcotic — at 
least,  when  a  watery  solution  of  a  mere  narcotic,  for  instance,  of 
opium,  is  used, — ditfers  externally  in  no  respect  from  a  sound 
nerve.  But  that  narcotic  poisons  are  able  to  produce  changes  in 
the  nervous  matter  is  proved  by  the  observation  of  Fontana,  that 
some  of  them,—- the  Ticunas  poison,  and  the  poison  of  the  viper,— j- 
when  added  to  the  blood,  fresh  drawn  from  the  body,  deprive  it  of 
its  property  of  coagulating;  while  the  poison  of  the  viper  also  has 
the  contrary  effect  when  introduced  into  wounds  in  living  animals, 
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portion  of  the  spinal  cord  of  an  animal  is  destroyed  before  poisoning 
It  with  the  upas  ticuti,  or  anguslura,  all  the  parts  which  received 
their  nerves  from  that  part  of  the  cord  are  exempted  from  the  con- 
valsive  muscular  contractions  which  ensne.  These  experiments  prove]        / 
incontestably  that  the  narcotics  do  not  excite  contractions  of  the  mus*|      / 
oles  by  their  direct  action  on  the  nerves,  but  through  the  medium  of :  ^ '  .^ 
the  spinal  cord  and  brain.  •  ^   '/ 

.  There  remains,  however,  another  question  for  consideration;  it  is^ 
whether  narcotic  poisons  cannot,  by  their  own  action  on  the  nerves, 
exhaust  the  irritability  of  the  latter  by  an  influence  analogous  to 
that  of  chemical  stimuli.  This  question  has  been  incorrectly  con- 
fomided  with  the  former,  and  an  error  has  been  committed  in  giving 
to  both  the  same  answer. 

Narcotic  poisons,  when  they  paralyse  the  sensitive  and  motor 
powers  of  the  nerves,  must  usually  act,  through  the  medium  of  the 
blood,  on  the  brain,  spinal  marrow,  and  nerves;  having  been  ab* 
aorbed  into  the  capillary  vessels. .  Their  second  mode  of  action, 
which  is  less  rapid  and  more  circumscribed,  is  by  destroying  locally 
the  nervous  power. 

*  Jietion  of  narcotic  poisons  through  the  medium  of  the  blood.'^ 
It  was  formerly  imagined  that  the  general  effects  of  the  local  appli- 
cation of  narcotic  poisons  arose  from  the  local  injury  being  propa- 
gated  through  the  nerves. 

But  the  experiments  of  various  physiologists,  detailed  at  pages 
M3-254,  tend  to  prove  that  the  rapid  general  action  of  local  poison* 
ing  is  not  effected  through  the  medium  of  the  nerves;  but  that  the 
poison  enters  the  blood,  and  is  with  it  distributed  to  all  the  organs  of 
the  body.  It  is  likewise  susceptible  of  proof  that  the  general  symp* 
ioms  of  poisoning  are  principally  owing  to  the  action  of  the  bloody 
impregnated  with  the  deleterious  substance ,  on  the  central  organs 
af  the  nervous  system. 

1.  After  death  produced  by  poisoning,  the  nerves  and  muscles  are 
found  to  retain  their  irritability  for  a  considerable  time. 

2.  Ligature  of  the  arterial  trimk  of  an  extremity  does  not  exempt 
the  latter  from  participating  in  the  general  effects  of  a  poison  sub- 
sequently administered,  of  which  the  action  produces  muscular 
spasms.  (See  Lundj  Vivisectionem^  p.  109.)  Paralysis  of  the  heart, 
which  Wilson  Philip  ot)served  to  be  caused  in  frogs  by  the  application 
of  infusion  of  tobacco  or  opium,  will  not,  as  Lund  remarks,  account  for 
the  symptoms  of  general  poisoning;  for  frogs  live  many  hours  after 
their  heart  is  cut  out.  The  lungs,  again,  are  not  the  organs  princi- 
pally affected;  for  supplying  artificial  respiration  does  not  save  the 
animal  While,  on  the  other  hand,  if,  in  an  animall  poisoned  with 
opium,  strychnia,  upas,  or  angusiura,  the  nerves  of  an  extremity  are 
divided,  the  spasms  in  that  part  cease;  so,  al^,  destruction  of  a  por- 
tion of  the  spinal  cord  puts  a  stop  to  the  convulsions  in  parts,  the 
nerves  of  which  arise  from  that  portion  of  the  cord.  Opium,  and 
the  poison  of  serpents,  appear  to  affect  the  brain  and  spinal  cord 
equally:  stryclinia  and  the  various  poisons  of  the  genus  strychnos, 
and  the  poison  of  angustura,  act  more  especially  on  the  spinal  cord; 
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dacing  paralysis  of  the  hands,  are  also  well  known.  To  place  the 
local  action  of  narcotic  poisons  on  the  nerves  beyond  doubt,  I  dis- 
aacted  out  the  ischiadic  nerve  in  a  (tog  for  a  considerable  extent,  and 
let  it  hang  in  a  solution  of  acetate  of  morphia;  after  a  little  time  I 
found  that  the  end  of  the  nerve  had  wholly  lost  its  excitability.  The 
same  was  the  effect  of  immersing  the  muscles  in  solution  of  opium, 
as  Humboldt  had  already  shown.  I  dissected  out  the  ischiadic  nerve 
io  toads,  and  left  the  leg  connected  to  the  body  by  this  nerve  only, 
which,  together  with  the  leg,  I  then  immersed  in  a  strong  watery 
•olution  of  opium;  in  a  short  time  the  nerves  and  muscles  lost  all 
•oaeeptibility  of  the  influence  of  galvanic  or  chemical  stimuli. 

The  local  influence  of  narcotic  poisons  on  the  nerves  is  therefore 
certain.  We  must  now  inquire  whether  this  effect  extends  beyond 
the  nerves  and  muscles  immediately  affected.  I  have  instituted 
direct  experiments  which  prove  that  the  local  action  of  narcotics  oa 
nerves  which  are  laid  bare,  and  insulated  by  dissection  from  other 
parts,  remains  limited  to  the  point  of  application. 
.  1.  In  the  first  place,  when  the  trunk  of  the  ischiadic  nerve  is  im- 
mersed in  solution  of  acetate  of  morphia  or  opium,  the  paralysis 
does  not  extend  to  the  muscles  of  the  leg  and  their  nerves.  A 
mechanical  or  galvanic  stimulus  excites  no  contractions  of  the  mus- 
cles when  applied  to  the  upper  extremity  of  the  nerve;  but  it  does 
when  applied  to  the  lower  part  6f  the  nerve,  or  to  the  muscles  them- 
selves. The  narcotic  action^  thereforCj  is  not  propagated  fratn 
the  trunk  of  a  nerve  to  its  branches. 

2.  The  narcotic  action  does  not  react  from  a  particular  paint  of 
a  nerve  on  the  brain, — I  have  already  related  experiments  in  which 
the  nerves  of  the  lower  extremity  in  toads  had  been  deprived  of  all 
excitability  by  the  action  of  narcotics,  but  in  which  the  other  parts 
of  the  body  remained  uninfluenced.  Other  observations,  however, 
render  it  probable  that  a  gradual  reaction  does  take  place;  for,  when- 
ever the  nervous  power  of  a  part  is  exhausted,  as  by  inflammation 
and  mortification,  exhaustion  of  the  nervous  power  of  the  whole 
system  gradually  ensues.  Hence  we  perceive  an  important  differ- 
ence in  the  action  of  different  influences  on  the  nervous  system;  for, 

a.  The  stimuli,  which  excite  a  manifestation  of  the  nervous  force, 
act  instantaneously  through  the  whole  length  of  the  fibres  which  are 
irritated  at  any  one  point.  The  contraction  of  the  corresponding 
muscles  takes  place  at  the  very  moment  that  the  stimulus  affects  the 
nervous  fibres,  at  whatever  point  of  their  course  it  is  applied  between 
the  muscle  and  the  trunk  of  the  nerve;  and  sensation  is  excited  with 
equal  rapidity. 

b.  The  action  of  influences,  on  the  contrary,  which  exhaust  the 
excitability  or  power  of  the  nerve,  extends  from  its  original  seat  very 
gradually  to  the  sound  parts  of  the  nerve;  and  general  symptoms 
fdowiy  follow. 

Thus;  loss  of  sight  in  an  eye  is  gradually  followed  by  atrophy  of 
the  optic  nerve,  which  is  likewise  an  effect  of  atrophy  of  the  optic 
thalamus.  Tabes  dorsalis  extends  from  below  upwards.  A  violent 
injury  of  individual  nerves  is  succeeded  by  a  morbid  state  of  the 
whole  spinal  cord, — namely,  by  tetanus. 
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3.  Dependence  qf  the  nerves  an  the  brain  and  spinal  cord. 

It  was  known  that,  after  the  division  of  a  nenre,  the  portion  cot 
off  from  communication  with  the  brain  retains,  for  a  certain  time,  its 
excitability;  but  the  questions  how  far  connection  with  the  brain  and 
spinni  marrow  is  necessary  for  the  longer  preservation  of  the  irritabi- 
lity of  the  nerves,  and  whether  the  muscles  retain  their  irritability 
when  their  nerves  no  longer  communicate  with  the  central  parts  ii 
ther  nervous  system,  could  not  hitherto  be  answered  with  certainly, 
and  had  indeed  been  seldom  mooted.  Nysten  (Secherehes  de  Pk^ 
HoL  et  de  Chim.  PaihoL)  had  asserted  tliat  the  muscles  of  patients 
who  died  a  short  time  after  an  apoplectic  seizure  preserved  their 
irritability,  and  contracted  under  the  influence  of  the  galvanic  stimu- 
IuS|  although  the  functions  of  the  brain  had  been  paralysed.  I  had 
good  reason,  however,  for  believing  that  in  such  cases  the  nerves 
retain  their  power  only  for  a  short  time,  losing  it  entirely  after  a 
longer  interval;  for,  in  experiments  on  the  reproduction  of  the  nervous 
tissue  in  a  rabbit,  I  had  once  observed  that  the  lower  portion  of  the 
nervus  ischiadicus,  which  I  had  divided  some  months  previously, 
bad  lost  all  its  excitability;  and  a  similar  &ct  had  been  before  ob- 
served by  Fowler.  I  have  since  performed,  in  conjunction  with  Dr. 
Sticker,  new  experiments,  (see  Dr*  Sticker^a  paper  in  Mfkller^s 
Jbrehiv.  Bd.  i.  1834,)  which  have  completely  confirmed  that  sup- 
position. 

These  experiments  prove  at  least  that,  when  the  communication 
of  the  nerves  with  the  brain  and  spinal  cord  is  wholly  cut  oflf,  they 
gradually  lose  the  power  of  exciting  the  muscles  to  contraction,  while 
the  muscles  lose  their  irritability.  The  result  would,  however,  have 
been  still  more  decisive  if,  in  place  of  a  single  pair  of  plates,  a  sniall 
galvanic  battery  had  been  employed  to  stimulate  the  nerves  and 
muscles.  That,  and  that  alone,  would  have  enabled  us  to  determine 
with  certainty  whether  all  the  power  of  the  muscles,  in  two  of  the 
cases,  had  been  lost  The  experiments  as  they  were  made,  how- 
ever, prove  distinctly  enough  the  necessity  of  communication  with 
the  brain  for  the  preservation  of  nervous  and  muscular  power.  We 
^may  also  conclude  from  them  that  if,  after  the  division  of  a  nerve, 
the  excitability  of  the  lower  portion  and  the  irritability  of  the  muscles 
are  restored,  the  nerve  itself  must  have  been  completely  reproduced, 
and  that  this  will  not  have  been  the  case  if  the  nerve  and  muscle  do 
not  regain  their  vital  properties. 

Some  interesting  observations  by  Dr.  Marshall  Hall  (Medico^ 
Chirurg.  TVansactionSy  vol.  xxii.  and  Afiiller^s  Archivj.  1839,)  have 
explained  the  apparent  discrepancy  between  the  results  of  the  fore- 
going experiments,  and  the  well  known  facts,  that  strychnine  ad- 
ministered to  paralytic  patients  frequently  excites  movements  soonest 
and  most  powerfully  in  the  paralysed  limbs,  and  that  paralysed  parts 
are  subject  to  convulsions  and  tonic  spasms.  Dr.  Hall  confirms  the 
statement  that  lesion  of  nerves  at  any  point  between  the  spinal  cord 
and  muscular  parts  to  which  they  are  distributed,  causes  the  irrita- 
bility of  those  parts  to  diminish  very  rapidly;  but  he  shows,  on  the 
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Other  hand,  that  when  the  influence  of  the  brain  only  is  cut  off,  either 
by  division  of  the  cord  in  animals,  or  by  disease  affecting  the  dorsal 
part  of  the  cord  or  the  cerebrum  itself,  the  paralysed  parts,  being  still 
in  connection  with  the  spinal  cord,  not  only  retain  their  irritability, 
as  was  staled  by  Procha9ka,Nysten,  and  other  physiologists,  but  can 
be  excited  to  action  by  a  galvanic  stimulus  much  too  feeble  to  cause 
motion  in  the  corresponding  sound  parts.  This  latter  result  was 
obtained  even  in  a  chronic  case  of  hemiplegia,  where  the  paralysed 
limbs  were  much  emaciated;  so  that  the  loss  of  excitability  in  mus- 
cles and  nerves  cut  off  from  communication  as  well  with  the  spinal 
cord  as  with  the  brain,  cannot,  Dr.  Hall  concludes,  depend  merely  on 
their  nutrition  being  interfered  with,  but  the  spinal  cord  must  exert, 
independently  of  the  brain,  a  direct  influence  in  keeping  up  the  ez« 
citability  of  the  nerves  and  muscles  connected  with  it.  The  question, 
why  should  motions  be  so  much  more  easily  excited  in  parts  deprived 
of  the  influence  of  the  brain  only,  than  in  parts  not  paralysed,  will 
oome  under  consideration  in  the  chapter  on  the  Functions  of  the 
Spinal  Cord. 


CHAPTER  UI. 

OF  THE  ACTIV£  PBINCIPLB  OF  THE  NERVES.* 


V^ 


The  older  physiologists  had  no  determinate  ideas  regarding  either  -i        /y 


the  nature  of  the  nervous  principle  or  the  laws  governing  its  action^ 
They  supposed  that  what  they  denominated  "  nervous  spirits"  were 
transmitted  from  the  brain  through  the  nerves  and  their  ramifications 
to  the  different  organs.  And  when  the  actiojns  of  common  electricity, 
and  the  modes  in  which  it  is  conducted,  became  more  fully  known, 
physiologists  imagined  that  the  action  of  the  nerves  was  rendered 
more  intelligible  by  comparing  them  with  electric  apparatus.  Bat 
it  was  not  until  the  discovery  of  galvanism  that  the  grounds  of  this 
and  similar  hypotheses  were  submitted  to  an  exact  inquiry. 

Although  it  is  now  certain  that  the  phenomena  produced  in  animals 
by  galvanism  are  not  due  to  an  animal  electricity,  still  many  physio- 
logists and  men  of  science  have  not  ceased  to  regard  electricity  and 
nervous  power  as  principles  in  a  certain  degree  similar.  A  closer 
inquiry,  however,  shows  that  they  are  totally  different.  The  expe- 
riments of  Dr.  Ure,  and  those  of  Dr.  Wilson  Philip,  have  among 
others  given  rise  to  misconceptions.  In  Dr.  lire's  experiments,  one 
of  the  wires  connected  with  a  galvanic  battery  of  two  hundred  atid 
seventy  pairs  of  plates  was  applied  to  the  spinal  cord  laid  bare  in 
the  body  of  a  criminal  who  had  died,  by  hanging,  an  hour  previously, 
while  the  other  wire  was  applied  to  the  ischiadic  nerve.  At  the 
moment  that  the  circle  was  closed,  the  muscles  of  the  trunk  were 
thrown  into  contraction  as  in  a  violent  shudder.    The  motions  of  a 

*  From  J.  Mailer's  article  in  the  Enoyclop.  Worter|)iioh  der  Medio.  Wist^DSoh. 
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laboared  respiration,  with  the  alternate  rising  and  falling  of  the  ab- 
domen, were  imitated  by  including  between  the  wires  the  phrenic 
nerve  and  diaphragm,  and  alternately  opening  and  closing  the  circle^ 
In  the  same  way  horrid  grimaces  of  the  features  were  produced. 
But  in  all  this  there  was  nothing  more  extraordiuary  than  in  the 
most  common  galvanic  experiment,  except  that  the  human  body  was 
the  subject  of  it.  The  experiments  of  Dr.  Wilson  Philip,  in  like  man- 
ner, by  no  means  justify  the  conclusions  drawn  from  them. 

The  neurilema  and  the  surrounding  parts  being  moist,  electricity 
would  not  remain  insulated  in  the  nerves,  were  it  in  action  in  them. 
It  has,  indeed,  been  imagined  that  the  nerves  have  an  insulating  pro- 
perty. Fechner  compares  the  nervous  fibres  to  conducting  wires 
covered  with  silk.  But  the  neurilema  itself  is  an  excellent  conductor 
of  the  galvanic  fluid,  and  the  nerves,  as  we  shall  show,  have  not  a 
greater  conducting  power  than  other  moist  animal  textures;  for  the 
galvanic  current  does  not  necessarily  follow  the  ramifications  of  the 
nerves;  it  is  only  the  nervous  principle  which  takes  that  course. 
The  galvanic  current  is  conducted  ofl"  from  the  nerves  by  the  neigh- 
bouring tissues  as  readily  as  it  is  conducted  by  the  nerves  themselves, 
if  a  more  direct  course  to  the  pole  is  thus  afforded.  Again,  the  pas- 
sage of  the  nervous  principle  is  interrupted  by  a  ligature,  while  this 
has  no  effect  on  the  transmission  of  the  galvanic  fluid. 

Electricity  is  known  by  the  bodies  which  insulate  it,  and  which 
are  conductors  of  it;  these  are  its  sole  and  certain  tests,  and  in  respect 
of  them  the  nervous  principle  differs  from  it,  and  consequently  cannot 
.  be  identical  with  it.  Other  proofs,  however,  derived  from  properties 
of  the  nervous  principle  already  alluded  to,  may  be  adduced;  such 
as  the  following: — 

Nerves,  even  when  perfectly  dead,  are,  like  all  moist  animal  tex- 
tures, still  capable  of  conducting  the  galvanic  fluid,  though  they  have 
lost  the  power  of  exciting  contractions  in  muscles. 

The  experiments  of  myself  and  Dr.  Sticker  have  shown  that,  when 
the  vital  influence  of  the  nerves  on  the  muscles  has  been  interrupted 
for  any  considerable  period,  the  stimulus  of  a  simple  galvanic  circle 
is  incapable  of  exciting  their  contraction.  We  found  this  to  be  the 
case  in  Mammalia,  in  which  we  had  several  months  previously 
divided  the  nerves  in  such  a  manner  as  to  prevent  their  perfect  re- 
union. 

The  discovery  of  electro-magnetism  has  furnished  us  with  the  most 
delicate  galvanometers. 

Vavasseur  and  Beraudi*  were  deceived  when  they  asserted  that 
needles  passed  through  the  nerves  of  a  living  animal  become  mag- 
netic, so  as  to  attract  iron  filings.  So  also  was  M.  David  when  he 
thought  that  galvanic  phenomena  were  elicited  by  similar  means. 

The  most  recent  experiments  performed  with  the  aid  of  the  gal- 
vanometer are  those  of  M.  Person.!  who,  although  the  action  of  his 
instrument  was  most  delicate,  failed,  like  Prevost  and  Dumas,  to 
detect  electric  currents  in  the  nerves. 

•  Annali  Unirerwli  di  Med.     Magf^o,  1^99;  mnd  Fmriep'3  Xotis.  N->.  539. 
t  Snr  rhvpothfso  des  Ctranns  Eteetiies  daos  los  Neifs.  Jooni.  de  PhTsioL  u 
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The  eoncluHont  which  mvst  be  dnwm  from  an  extended  inve$^ 
tigation  of  the  questionjRTe: — 1.  That  the  vital  actions  of  the  nerves 
are  not  attended  with  the  development  of  any  galvanic  currents 
which  our  instruments  can  detect    2.  That  the  laws  of  action  of  the 
nervous  principle  are  totally  different  from  those  of  electricity,    d. 
To  speak,  therefore,  of  an  electric  current  in  the  nerves,  is  to  use 
quite  as  symbolical  an  expression  as  if  we  compared  the  action  of 
the  nervous  principle  with  light  or  magnetism.  ^Of  the  nature  of  thfi^ 
nervous  principle  we  are  as  ignorant  as  of  the  nature  of  light  and 
electricity;  while  with  its  properties  we  are  nearly  as  well  ac* 
qaainted  as  with  those  of  light  and  other  imponderable  agents. 
However  much  these  various  principles  differ  from  each  other,  the 
strne  question  applies  to  all;  namely,  are  their  effects  produced  by 
cnrrents  of  an  imponderable  matter  travelling  through  space,  or ! 
by  the  undulations  of  a  fluid?    The  decision  as  to  which  theory  is 
oorrecf  in  the  cases  of  the  nervous  principle,  is  at  present  a  matter 
not  affecting  the  study  of  the  laws  of  its  action;  just  as  the  laws  of', 
optics  must  remain  the  same,  whichever  theory  of  the  nature  of  ligfatj 
bt  adopted.^  '^^ 


t       L- 


SECTION  II. 

OF  THE  NEBVES  OV  SENSATION,  THE  NERVES  OF  MOTION,  AND  THE 

OaOANIC  NERVES. 

CHAPTER  I. 
Of  the  sensitive  and  motor  roots  of  the  Spinal  Nerves.* 

The  fact  that  the  same  nerves  supply  the  body  with  sensitive  and 
motor  power,  and  that  one  of  these  functions  of  a  nerve  may,  in  eon* 
sequence  of  paralysis,  be  lost  while  the  other  is  preserved,  is  one  of 
the  most  important  in  Physiology.  Sir  Charles  Bell  first  conceived 
the  ingenious  idea  that  the  posterior  roots  of  the  spinal  nerves,  which 
have  irpon  them  a  ganglion,  are  the  source  of  sensation;  the  anterior 
roots,  the  source  of  motion;  and  that  the  primitive  fibres  of  these 
roots  after  their  union  are  mingled  in  one  trunk,  and  thus  distributed 
for  the  supply  of  the  skin  and  muscles.  This  view  he  proposed  in 
1811,  in  a  treatise  entitled  <<An  idea  of  a  New  Anatomy  of  the 
]lkain,  submitted  for  the  Observation  of  the  author's  friends."  Eleven 
years  later,  the  same  theory  was  advanced  by  M.  Mageiidie,  to 
whom,  however,  the  merit  belongs  of  having  first  subjected  it  to  this 
test  of  experiment  in  the  case  of  the  spinal  nerves.t    M.  Magendie 

*  Principally  deriTed  from  the  papers  of  J.  Mailer  Id  Froriep'a  Not.  Noa.  646 
and  647,  and  in  the  Annal.  dea  So.  Nat  ISSl. 

JThia  atatement  ia  incorrect.    Sir  C.  Bell,  in  hia  firat  Eaaay  aboTe  referred  to, 
recorded  an  experiment  on  the  roota  of  the  apinal  nenrea  in  the  following 
worda:^**  Oo  the  laying  bare  the  roou  of  the  ipinal  nerves,  I  foyiid  that  I  could 
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maintained,  as  the  result  of  his  experiments,  that  division  of  the  pos- 
terior roots  of  the  nerves  deprived  the  corresponding  parts  of  the 
body  of  sensation  only,  while  division  of  the  anterior  roots  deprived 
them  of  motion.  M.  Magendie's  results  were  only  approximative. 
He  asserted  that  the  posterior  columns  of  the  spinal  cord,  and  the 
posterior  roots  of  the  nerves,  supplied  sensation  principally;  the  ante- 
rior, principally  motion;  but  that  the  latter  were  not  wholly  devoid 
of  sensitive  power.  Thus,  in  his  experiments,  the  application  of  gal- 
vanism to  the  posterior  roots  of  the  spinal  nerves  after  their  separa- 
tion from  the  spinal  cord,  excited  contractions  of  the  muscles,  though 
these  were  but  feeble;  while  the  same  stimulus  applied  to  the  ante- 
rior roots  gave  rise  to  violent  muscular  spasms.*  These  experiments, 
performed  on  the  higher  animals,  are  the  most  cruel  that  can  be 
imagined.  The  extensive  wound  necessary  for  laying  open  the 
spine  in  sufficient  length  to  enable  the  operator  to  divide  the  roots  of 
all  the  nerves  which  go  to  the  posterior  extremities,  produces  a  great 
shock  to  the  system,  is  attended  with  very  great  hemorrhage,  and 
death  inevitably  foHows  in  a  short  time,  before  satisfactory  results 
can  be  attained.  Great,  therefore,  as  was  the  interest  which  Sir  C. 
Bell's  theory,  thus  newly  illustrated  by  M.  Magendie's  experiments, 
excited,  a  satisfactory  confirmation  of  the  results  was  still  wanting. 

After  so  many  unsuccessful  attempts  to  verify  M.  Magendie's 
assertion,  I  began  to  doubt  the  possibility  of  obtaining  a  decided  and 
satisfactory  result  from  all  such  experiments.  Desmoulins  and  Ma- 
gendie  themselves,  however,  have  merely  said,  that,  in  the  one  case 
nearly  all  sensation,  in  the  other,  nearly  all  power  of  molion,  is  lost. 
In  deciding  a  question  absolutely,  no  half  results,  no  approxiinatives, 
are  sufficient.  The  theory  of  Bell  was  extremely  ingenious,  but  its 
truth  appeared  to  me  still  to  require  demonstration;  even  Magendie 

cut  across  the  posterior  fasciculus  of  nerves,  which  took  its  oriprin  from  the  poste- 
rior portion  of  the  spinal  marrow,  without  convulsing  the  muscles  of  the  back;  bat 
that,  on  touching  the  anterior  fasciculus  with  the  point  of  a  knife,  the  muscles  of 
the  back  were  immediately  convulsed/'  He  seems,  it  is  true,  to  have  supposed 
at  first  that  the  anterior  roots  contained  nervous  fibres  for  sensation  as  well  as 
those  for  motion,  while  the  posterior  roots  governed  the  **  operations  of  the  viscera," 
and  "the  secret  operations  of  the  frame,"  and  "united  the  body  tojreiher."  Sub- 
sequently, however,  by  observing  the  modes  of  origin  and  distribution  of  the 
cerebral  nerves  and  the  different  effects  of  lesions  of  them,  he  was  led  to  the  more 
correct  inference,  that  the  single-rooted  nerves  connected  with  the  anterior  columns 
of  the  spinal  cord  and  corresponding  parts  of  the  brain,  and  the  anterior  roots  of 
the  double-rooted  nerves  were  exclusively  motor,  and  that  the  posterior  roots  con- 
nected with  the  posterior  columns  of  the  cord  were  sensitive.  That  he  arrived  at 
this  concldsion  before  M.  Magendie,  or  any  other  physiologist,  had  taken  up  the 
inquiry,  rests  on  the  evidence  contained  in  Mr.  John  Shaw's  Manual  of  Anatomy* 
published  in  Sept.  1821;  and  in  several  papers  by  that  gentleman,  which  appeared 
m  the  Quarterly  Journal  of  Science,  Dec.  1821,  and  March,  1822;  and  in  the 
Medico-Chirurgical  Transactions,  April,  1822;  while  the  date  of  M.  Magendie's 
first  publication  on  the  subject  was  August,  1822.  A  very  clear  and  very  impar- 
tial statement  of  the  facts  bearing  on  the  question  of  priority  in  this  important  dis- 
covery will  be  found  in  the  Brit,  and  For.  Quarterly  Review  for  January,  1840. — 
Translator. 

♦  J.  de  Physiol,  ii.  276.     Compare  Desmoulins  et  Magendie,  Anat,  et  Physiol. 
des  Systemes  Nerveux.  Paris,  1825,  p.  777. 
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had  not  decided  it  satisfactorily;  and  it  is  perhaps  impossible  to  do* 
cidi}  it  with  certainty  in  the  higher  animals.  This  opinion,  that  the 
theory  of  Bell  had  not  been  properly  established  by  experiment,  was 
also  held  by  Prof.  E.  H.  Weber.  (See  page  283  of  his  excellent  edi- 
tion of  HildebrandVs  ^natomie.) 

The  happy  thought  at  length  occurred  to  me  of  performing  the 
exjperiment  on  frogs.  These  animals  are  very  tenacious  of  life,  and 
long  survive  the  opening  of  the  vertebral  canal.  In  them,  also,  the 
nerves  retain  their  excitability  for  a  very  considerable  4ime,  and  thd. 
large  roots  of  the  nerves  of  the  posterior  extremities  run  a  long  dis^ 
tsnce  within  the  cavity  of  the  spine  before  uniting.  The  result  wai 
most  satisfactory.  The  experiments  are  so  easily  performed,  so  cer« 
lain  and  conclusive,  that  every  one  can  now  very  readily  convince 
hknself  of  one  of  the  most  important  truths  of  physiology. 

To  lay  open  the  spine^  I  make  use  of  a  small  pair  of  bone-nippera^ 
which  cut  sharply  at  the  edgo  and  points.  The  operation  is  com- 
pleted in  a  few  minutes,  without  any  injury  io  the  spinal  cord.  The 
firogs  remain  quite  lively,  and  leap  about  as  before.  As  soon  as  the 
•pinal  canal  and  the  membranes  are  laid  open,  the  thick  posterior 
roots  of  the  nerves,  given  off  to  the  lower  extremities,  come  into 
view.  They  should  be  carefully  raised  with  a  cataract  needle,  with- 
Jtnit  including  any  of  the  anterior  roots,  and  cut  off  close  to  the 
•pinal  cord.  The  end  of  one  of  the  posterior  roots  being  now  seized 
with  a  pair  of  forceps,  and  the  root  itself  irritated  repeatedly  with 
the  point  of  the  needle,  not  the  slightest  contraction  of  the  muscles  of 
the  posterior  extremities  ever  ensues.  The  same  experiment  may 
be  repeated  on  the  very  large  posterior  roots  of  the  nerves  of  the 
anterior  extremities,  and  the  same  result  will  be  obtained. 

One  of  the  anterior  roots  of  the  nerves  of  the  lower  extremity, 
which  are  equally  as  large  as  the  posterior,  is  now  raised  with  the 
needle  out  of  the  vertebral  canal,  and  it  is  found  that  the  slightest 
touch  of  these  anterior  roots  excites  the  most  powerful  contractiona 
of  the  whole  limb.  Having  cat  them  through  at  their  insertion  into 
the  cord,  the  extremity  of  one  is  seized  with  the  forcepS;  and  the 
needle  used  to  irritate  it  as  in  the  case  of  the  posterior  root.  Each 
time  that  the  point  of  the  needle  is  applied,  most  distinct  twitohings 
of  the  muscles  take  place. 

These  experiments  may  be  repeated  on  a  large  number  of  frogs, 
and  they  will  most  convincingly  prove  that  it  is  quite  impossible  to 
excite  muscular  contractions  in  frogs  by  irritating  mechanically 
the  posterior  roots  of  the  spinal  nerves;  white,  on  the  other  hand^ 
the  slightest  irritation  of  the  anterior  roots  immediately  gives 
rise  to  very  strong  actions  of  the  muscles. 

As  long  as  both  roots  of  the  nerves  are  in  connection  with  the 
spinal  cord,  the  traction  experienced  by  the  cord  itself,  when  the 
posterior  roots  are  raised,  may  cause  the  production  of  muscular 
twitches  in  the  limbs;  such  effects,  however,  are  quite  independent 
of  the  action  of  the  posterior  roots,  and  depend  solely  on  the  irritation 
communicated  to  the  anterior  roots  by  the  spinal  cord  in  consequence 
of  the  mechanical  violence  which  this  has  suffered.  Hence,  if  the 
44 
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latter  roots  hare  been  previously  divided,  no  mechanical  irritation  of 
the  spinal  cord  itself,  or  of  the  posterior  roots  connected  with  it, 
excites  the  slightest  muscular  contractions. 

The  experiments  with  the  galvanic  stimulus  of  a  single  pair  of 
zinc  and  copper  plates  are  equally  conclusive. 

The  application  qf  galvanism  to  the  anterior  roots  qf  the  spinal 
nerves^  c^ter  their  connection  urith  the  cord  is  divided^  excites 
friolent  muscular  twitchinge;  the  same  stimulus  applied  to  the 
posterior  roots  is  attended  with  no  such  effect.  This  result  is  very 
remarkable,  and  is  what  I  did  not  at  all  expect:  for  I  imagined  that, 
although  the  posterior  roots  are  endowed  with  sensation  merely,  they 
might  still  conduct  the  galvanic  fluid  to  the  muscles;  and  when  a 

Gwerful  galvanic  pile  is  employed,  this  is  inevitably  the  case  (as  in 
agendie's  experiments),  the  strong  galvanic  current  being  con- 
ducted by  the  posterior  root  of  the  nerve  as  by  any  animal  substance. 
The  stimulus  of  a  single  pair  of  plates,  however,  while  it  causes  the 
anterior  roots  of  the  nerves  to  give  rise  to  muscular  contractions,  has 
no  such  influence  when  applied  to  the  posterior  roots.  In  this  ex- 
periment it  is  necessary  to  be  very  cautious  that  the  plates  are 
Drought  into  contact  with  no  other  parts  than  the  nerves. 

The  experiments  may  be  performed  on  frogs  in  the  manner  adopted 
by  Sir  C.  Bell  and  M.  Magendie,  and  the  results  will  be  as  decided 
as  in  those  just  detailed.  If  in  the  same  frog  the  three  posterior  roots 
of  the  nerves  going  to  the  hinder  extremity,  be  divided  on  the  left 
side,  and  the  three  anterior  roots  on  the  right  side,  the  left  extremity 
will  be  deprived  of  sensation,  the  right  of  motion.  If  the  foot  of  the 
right  leg,  which  is  still  endowed  with  sensation  but  not  with  the 
power  of  motion,  be  cut  off,  the  frog  will  give  evidence  of  feeling 
pain  by  movements  of  all  parts  of  the  body  except  the  right  leg  itself, 
m  which  he  feels  the  pain.  If,  on  the  contrary,  the  foot  of  the  left  leg, 
which  has  the  power  of  motion,  but  is  deprived  of  sensation,  is  cut  off, 
the  frog  does  not  feel  it.  This  experiment  is  the  most  striking  of  all, 
and  the  result  is  decisive;  because,  on  account  of  the  small  number 
and  large  size  of  the  roots  of  the  nerves  going  to  the  posterior  ex- 
tremity in  the  frog,  we  can  be  certain  that  all  are  divided. 

The  foregoing  experiments  leave  no  doubt  as  to  the  correctness  of 
Sir  C.  Bell's  theory. 

I  may  further  remark  that  the  section  of  the  posterior  roots  is  fre- 
quently attended  with  very  distinct  manifestations  of  the  sensation  of 
pain  in  the  anterior  part  of  the  body. 

The  difference  with  regard  to  motor  and  sensitive  properties, 
which  has  been  established  so  clearly  in  the  case  of  the  anterior  and 
posterior  roots  of  the  nerves,  has  not  been  by  any  means  demon- 
strated to  exist  between  the  anterior  and  posterior  columns  of  the 
spinal  cord. 
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CHAPTER  II. 

or  THB   SSNSITIYX  AKD  MOTOR  PBOFXBTIES  OF   THB   CBEHBRAIi 

HBBYBS. 

We  shall  not  here  enter  in  detail  into  the  subject  of  the  physiology 
of  the  individual  cerebral  nerves,  but  shall  merely  inquire  how  far 
they  agree  with  or  differ  from  the  spinal  nerves. 
The  cerebral  nerves  may  be  arranged  in  the  following  classes: — 
!•  The  nerves  qf  special  sense:  the  olfactory^  optic,  and  auditory 
nerves. 

2.  Mused  nerves  wiih  double  roots:  the  nervus  trigeminus,  nervus 

flosso-pharyngeus/  the  nervus  vagus  cum  accessorio,  and,  in  several 
lammalia,  the  nervus  hyp(^lossus. 

3.  Single-rooted  nerves^  for  the  most  part  qf  motor  function^ 
which  are  either  themselves  entirely  motor,  and  receive  sensitive 
Jibres  from  other  nerves,  or  tohich^  {/their  roots  contain  sensitive 
fibres,  still  cannot  be  classed  with  the  double-rooted  spinal  nerves. 
These  are  the  nervus  oculo-motorius,  the  trochlearisi  the  abducens, 
and  the  facial  nerve. 

.  The  nerves  of  the  last  two  classes  require  a  particular  consider* 
ation. 

Mixed  Cerebral  Nerves  with  double  Roots, 

Nervus  trigeminus, — ^The  two  roots  of  this  nerve,  namely,  the 
portio  major,  which  expands  to  form  the  ganglion  Gasseri,  and  the 
portio  minor,  which  has  no  ganglion,  and  passes  under  the  ganglion 
pf  the  portio  major  to  join  the  third  branch  which  issues  from  it,  are 
well  known.  The  first  and  second  divisions  of  the  nerve,  which 
arise  wholly  from  the  ganglion  of  the  portio  major,  are  probably 
purely  sensitive.  The  third  division,  which  is  formed  in  part  by  the 
portio  minor,  and  receives  another  portion  of  its  fibres  from  the  Gasr 
serian  ganglion,  is  both  motor  and  sensitive. 

The  experiments  of  Sir  C.  Bell,  M.  Schoeps,  Mr.  Mayo,  and 
myself,  prove,  therefore,  that  all  the  branches  of  the  first  and  second 
divisions  of  the  nervus  trigeminus  are  nerves  of  sensation,  and  not 
nerves  of  motion. 

The  third  division  is  evidently  both  sensitive  and  motor,  like  the 
spinal  nerves,  which  are  likewise  composed  of  a  root  provided  with 
a  ganglion,  and  of  another  on  which  no  ganglion  is  formed.  Its 
function  is  shown  by  its  distribution.  This  third  division  of  the  fifth, 
rather  than  the  whole  nerve  itself,  is  analogous  to  the  spinal  nerves,! 

The  masseteric,  deep  temporal,  buccinator,  pterygoid,  and .  mylo- 
hyoid branches,  those  given  to  the  levator  and  tensor  palati  muscles, 

*  Recent  experiments  render  it  most  probable  that  the  glosso-pharyngeus  is  a 
nerre  of  sensation  alone. 

t  The  motor  fanetion  of  the  third  dirision  of  the  fifth  nerre  was  first  ptored 
experimeotaHy  by  Mr.  John  Shaw.  (Med.  sad  Pbys.  Jottm.  18S9,  October.) 
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and  the  nerve  of  the  tensor  tympanic  which  arise  either  immediately 
or  mediately  from  the  third  division  of  the  fiilh,  are  evidently  motor. 
But  the  fact  of  the  masseteric  giving  branches  to  the  maxillary  arti- 
culation shows  that  they  contain  seneitive  fibres  likewise. 

That  the  branch  which  issues  from  the  mental  foramen  is  a  nerve 
of  sensation,  is  proved  by  the  case  observed  by  Sir  C.  Bell,  in  which 
it  was  injured  in  the  extraction  of  a  tooth,  and  the  lower  lip  in  con- 
sequence rendered  insensible.  It  can  likewise  be  proved  very  satis- 
factorily that  the  gustatory  branch,  although  it  is  distributed  to  Ihe 
muscular  substance  of  the  tongue,  is  a  sensitive  nerve,  and  has  %  no 
motor  power. 

Desnioulins  had  made  the  remark  that,  if  the  gustatory  nervls  is 
stretched  in  a  dog,  the  animal  utters  a  cry,  the  tongue  remaining 
motionless;  and  that  the  application  of  galvanism  to  the  nerve  after 
death  causes  no  motion  of  the  tongue.  This  last  experiment  I  have 
instituted  (see  Frbriep^s  Notiz.  No.  647,)  on  rabbits  during  life;  the 
nerve  being  divided,  and  then  irritated  with  a  needle,  or  with  the 
stimulus  of  a  battery  of  sixty-five  pairs  of  plates:  the  result  was  as 
Desmoulins  states.  Magendie  also  has  observed  that  division  of  the 
gustatory  nerve  is  followed  by  loss  of  sensation,  without  loss  of  mo- 
lion  in  the  tongue.  I  have  satisfied  myself  that  this  nerve  is  capable 
of  the  sensation  of  pain,  and  it  will  be  shown  at  a  future  page  that 
it  is  also  the  nerve  of  taste. 

From  the  fieicts  which  we  have  stated,  it  results  that  the  fifth  nerve^ 
by  virtue  of  its  greater  root,  supplies  all  the  anterior  and  antero-^ 
lateral  parts  of  the  head  with  common  sensation,  there  being  other 
nerves  for  the  special  senses  of  smell,  sight,  and  hearing;  and  that, 
by  virtue  of  its  smaller  root,  it  is  the  motor  nerve  of  all  the  muscles 
etigaged  in  mastication.  Hence,  in  Magendie's  experiments,  the 
division  of  the  trunk  of  the  nerve  put  a  stop  to  all  the  movement  of 
mastication,  and  deprived  the  whole  anterior  part  of  the  head,  the 
eye,  nose,  and  tongue,  of  common  sensibility;  and  hence  disease  of 
the  trunk  of  the  nerve,  or  of  its  roots,  as  has  been  observed  by  Bell, 
Magendie,  and  Serres,  is  attended  with  the  same  results.  The  result 
of  division  of  the  nerve  within  the  cavity  of  the  cranium,  an  experi- 
ment performed  by  Magendie  and  repeated  by  Eschricht,  was  loss 
of  sensibility  of  the  entire  side  of  the  head.  The  mucous  membrane 
of  the  nose,  as  well  as  the  conjunctiva,  were  rendered  insensible  to 
puncture,  and  to  chemical  irritants,  such  as  liquor  ammoniae.  The 
eye  was  dry,  the  iris  contracted,  and  the  winking  of  the  eyelid  was 
no  longer  observed.  On  the  following  day,  the  eye  of  the  sound  side 
was  inflamed  in  consequence  of  the  stimulus  of  the  ammonia;  the 
other  eye  was  free  from  inflammation,  the  development  of  which, 
therefore^  had  been  prevented  by  the  want  of  sensibility.  In  other 
experiments,  division  of  the  nerve  was  followed,  at  the  expiration  of 
several  days,  by  inflammation  of  the  conjunctiva,  secretion  of  puru- 
lent matter  from  the  eyelids,  iritis,  and  the  formation  of  pseudo-mem- 
branes in  the  eye  itself.  Other  effects  that  have  been  observed,  are 
a  softened  unhealthy  state  of  the  gums,  a  white  appearance  of  the 
tongue,  and  a  thickening  of  its  epithelium  on  the  affected  side. 

Nervus  gh^so-pharyngeua. — I  bavis  showD  that  this  nerve  also 
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has  two  roots,  one  of  which  has  a  ganglion.  Its  disCribotion-  corre- 
sponds with  this  structure.  It  supplies  the  mucous  membrane  of  the 
back  part  of  the  tongue,  and  it  also  gives  branches  to  the  pharyngeal 
musclesy  particularly  to  the  stylo-pharyngeus;  and  it  is  proved  to  have 
motor  power  by  the  observation  of  Mayo,  which  I  have  since  re- 
peated in  a  rabbit,  that  the  application  of  galvanism  to  the  nerve, 
even  after  death,  excites  muscular  contractions  in  the  pharynx. 

It  appears,  however,  from  the  experiments  of  Dr.  J.  Reid,  (op,  eit) 
that  the  conclusion  deduced  from  Mr.  Mayo's  experiment  is  errone- 
ous, and  that  the  glosso-pharyngeal  nerve  is  really  a  nerve  of  sensa- 
tion only.  Dr.  Alcock,  of  Dublin,  had  found  that,  after  division  of 
the  glosso-pharyngeal  nerves,  the  movements  of  deglutition  were 
gfreatly  impeded*,  but  in  Dr.  Reid's  experiments  this  effect  was  never 
induced,  unless  the  pharyngeal  branch  of  the  par  vagum  was  also 
divided;  hence  the  pharyngeal  branches  of  the  glosso-pharyngeal 
nerve,  he  remarks,  cannot  be  the  sole  nerve  by  which  the  impres- 
■eions,  or  peculiar  sensations  that  induce  the  motions  of  deglutition, 
are  communicated  to  the  central  organs  of  the  nervous  system. 
'  Nervus  vagus  cum  accessorio  fVillisiL^-~Ai  the  point  where  the 
Tagus  passes  through  the  foramen  lacerum,  its  whole  trunk  swells 
into  a  ganglion;  it  thus  presents  every  resemblance  to  the  sensitive 
root  of  a  spinal  nerve;  and,  as  immediately  after  its  exit  from  the 
Ibramen  it  is  joined  by  a  portion  of  the  nervus  accessorius^  it  is  in 
the  present  state  of  our  knowledge  very  natural  to  suppose  that  the 
▼agus  derives  the  motor  fibres,  which  are  distributed  in  its  branches 
to  the  larynx  and  pharynx,  from  the  nervus  accessorius.  Goerres, 
(Exposition  der  Physiologk.  Coblenz,  1805,  p.  328,)  indeed,  had 
likened  the  origins  of  the  vagus  and  spinal  accessory  to  the  two  roots 
of  spinal  nerves,  even  before  the  discovery  of  the  properties  of  the 
anterior  and  posterior  roots  of  those  nerves.  The  same  idea  has 
been  more  recently  adopted  by-  Professors  Arnold  and  Scarpa,  who 
have  compared  the  vagus  to  a  posterior,  the  spinal  accessory  to  an 
anterior  root;  and  Bischoff  (Nervi  •^ccessorii  Willisii  Jlnatomia  et 
Physiologia,  Heidelberg,  1832,)  has  adduced  new  arguments  in 
rapport  of  this  view. 

The  view  which  we  ourselves  take  of  the  accessory  and  vagus 
nerves  is  this: — The  vagus  corresponds,  for  the  most  part,  to  the  poste- 
rior root  of  a  spinal  nerve;  but  we  cannot,  with  certainty,  affirm  that 
it  is  wholly  sensitive,  since  the  experiment  which  we  have  detailed, 
and  those  of  Dr.  Reid  seem  to  show  that  its  root  contains  motor 
fibres,  and  in  some  animals  fasciculi  of  fibres  of  considerable  size 
are  seen  to  pass  over  the  ganglion  without  joining  it.  Its  composi- 
tion may  possibly  be  just  the  reverse  of  the  ninth,  or  lingual,  which 
is  in  greater  part,  but  not  wholly,  a  motor  nerve.  The  accessory  is 
probably  chiefly  motor,  and  is  more  analogous  in  structure  to  the 
anterior  roots  of  a  spinal  nerve;  but  it  evidently  contains,  in  many 
eases,  (perhaps  in  all,)  sensitive  fibres,  derived  either  from  its  own 
roots,  or  from  the  posterior  roots  of  the  first  and  second  cervical.^ 

*  Compare  Bendi,  De  Connexu  inter  TSfifuin  et  accesBoriain,  Haim.  4.    An  ab- 

•traet  is  gireD  in  Miller's  Arohir.  1837.    Jahretb.  p.  xxriii. 
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Dr.  Reid  found  that  when  the  external  branch  of  the  spinal  acce^ 
•ory  was  strongly  compressed  between  the  blades  of  the  forceps,  or 
firmly  included  in  a  ligature,  the  animal  gave  very  decided  evidence 
of  suffering  pain;  but  he  does  not  pretend  to  determine  whether  the 
sensitive  filaments  on  which  this  result  depends  belong  originally  to 
the  nerve,  or  whether  it  derives  them  from  other  nerves  at  the  base  of 
the  cranium. 

The  vagus  affords  sensitive  influence  to  all  the  partstowhich.it 
is  distributed;  namely,  to  the  organs  of  voice  and  respiration,  the 
pharynx,  oesophagus,  and  stomach;  moreover,  it  gives  a  sensitive 
branch,  which  peuetrates  the  petrous  portion  of  the  temporal  bone, 
to  the  external  ear, — the  ramus  auricularis;  and  the  facial  nerve 
probably  derives  its  sensitive  endowment  from  its  connection  with 
this  branch  of  the  vagus  within  the  temporal  bone. 

The  branches  of  the  vagus,  which  are  motor  as  well  as  sensitive, 
are  the  pharyngeal  and  laryngeal.  Division  of  the  inferior  laryngeal 
nerve,  or  of  the  vagus  in  the  neck  on  both  sides,  paralyses  iocom- 
pletely  the  small  muscles  of  the  larynx;  the  voice  is  lost,,  but  is  re- 
gained in  a  few  days,  from  the  superior  laryngeal  nerve  continuing 
to  exert  its  influence.  The  assertion  of  Magendie,  that  the  superior 
laryngeal  nerve  is  distributed  solely  to  the  contractors  of  the  glottis, 
and  the  inferior  to  the  dilators,  was  not  confirmed  by  Schlemm^s 
dissections.  The  vagus  has  no  motor  influence  on  the  stomach; 
neither  by  galvanism,  nor  by  mechanical  irritation  applied  to  the 
nerve  in  the  neck,  can  motions  of  the  stomach  be  excited:  this  results 
from  the  experiments  of  Magendie,  Mayo,  and  myself. 

With  respect  to  the  motor  and  sensitive  properties  of  the  individual 
branches  of  the  vagus,  we  learn  from  the  experiments  of  Dr.  Reid: 
1.  That  the  pharyngeal  branch  in  the  dog  is  the  principal,  if  not  the 
sole  motor  nerve  of  the  pharynx  and  soft  palate,  and  that  it  is  most 
probably  wholly  motor;  a  part  of  its  motor  fibres  being  derived  from 
the  internal  branch  of  the  spinal  accessory  nerve.  2.  That  the  in- 
ferior laryngeal  nerve  is  the  motor  nerve  of  the  larynx,  irritation  of 
it  producing  vigorous  movements  of  the  arytenoid  cartilages;  while 
irritation  of  the  superior  laryngeal  nerve  (by  galvanism)  gave  rise  to 
no  action  in  any  of  the  muscles  attached  to  the  arytenoid  cartilages, 
but  merely  to  contractions  of  the  crico-thyroid  muscle.  Experiments 
on  living  dogs  showed  also  that  division  of  the  recurrent  nerves  put 
an  end  to  the  motions  of  the  glottis,  but  that  the  sensibility  of  the 
mucous  membrane  remained;  that  division  of  the  superior  laryngeal 
nerves  left  the  movements  of  the  glottis  unaffected,  but  deprived  it 
of  its  sensibility.  These  results  agree  with  the  anatomy  of  the 
nerves.  The  superior  laryngeal  nerve,  therefore,  is  chiefly  sensitive; 
the  inferior,  for  the  most  part,  motor.  3.  (Esophageal  branches. 
Dr.  Reid  found,  as  had  been  done  by  previous  observers,  that  irrita- 
tion of  the  trunk  of  the  vagus  excited  motions  of  the  oesophagus, 
which  extended  over  the  cardiac  portion  of  the  stomach;  and  that 
division  of  the  vagus  paralysed  the  movements  of  the  oesophagus, 
which  became  distended  with  the  food  which  was  afterwards  taken. 
The  motions  of  the  oesophagus,  therefore,  are  dependent  on  motor 
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fibres  of  the  vagus,  and  are  probably  excited  by  impressions  made 
upon  sensitive  fibres  of  the  vagus.  Dr.  Reid  confirms  the  statement, 
which  had  been  denied  by  Dr.  Marshall  Hall  and  Mr.  Bronghton, 
that  pinching  the  vagus  nerve  in  the  neck  gives  rise  to  pain.  4.  The 
cardiac  branches  of  the  nerve  are.  believed  by  Dr.  Reid  to  be  one, 
but  not  the  sole  channel  through  which  the  influence  of  the  central 
organs  and  of  mental  emotions  is  transmitted  to  the  hearts  5.  The 
pulmonary  branches  of  the  vagus  form  the  principal,  but  not  the 
only,  channel  by  which  the  impressions  on  (he  mucous  surface  of 
the  lungs  that  excite  respiration,  are  transmitted  to  the  medulla  ob- 
longata. Dr.  Reid  has  been  unable  to  determine  whether  they  con- 
tain motor  fibres. 

^Nervus  hypoglossuij  lingualisj  or  ninth  nerve. — In  the  ox,  and 
jome  other  of  the  Mammalia,  in  which  Mayer  has  discovered  ihat 
Ibis  nerve  has  a  small  posterior  root  with  a  ganglion,  it  belongs  to 
the  mixed  nerves  with  double  origin;  but  in  the  human  subject  it 
has  merely  a  motor  root. 

That  it  is  principally  a  motor  nerve,  the  experiments  of  Magendie, 
Mayo,  and  myself  demonstrate.  (See  Frariep^a  Notiz.  No.  647.) 
Violent  spasms  of  the  whole  tongue,  to  the  tip,  are  excited  by 
stretching,  pinching,  or  by  galvanising  it  even  with  a  single  pair  of 
plates.  Its  division  in  a  living  animal  deprives  the  tongue  of  its 
power  of  motion.  This  nerve,  therefore,  supplies  the  motor  influx 
ence  for  the  motions  of  (he  tongue  in  deglutition  and  articulation. 

The  hypoglossal  is  also  the  motor  nerve  of  the  large  muscles 
which  move  the  larynx. 

.  Desmoulins,  Magendie,  and  Mayo  assert,  that  the  hypoglossal 
nerve  is  likewise  endued  with  sensibility;  pain  is  produced,  they 
say,  by  stretching  it  in  dogs  and  cats.  In  dogs,  this  sensibility 
might  be  supplied  by  its  small  posterior  root;  and  in  the  cat, 
wl^re  Mayer  has  found  no  posterior  root,  it  may  be  due  to  sen- 
sitive fibres  received  from  other  nerves  in  its  course,  for  instance, 
from  its  connections  with  the  nervus  vagus,  and  with  ihe  first  cervical 
nerve. 

NerveSf  for  ihe  most  part  motors  and  ttnthout  a  ganglion  on  their 
root  J  but  which  contain  within  themselves  sensitive  fibres^  or  re* 
ceive  them  in  their  course  from  other  nerves. 

Nerves  of  the  muscles  of  the  orbit.  The  thirds  fourth^  and 
9ixth. — These  nerves  have  some  sensitive  endowment.  The  sensi- 
bility which  muscles  generally  possess,  can  in  other  instances  be 
ascribed  to  the  sensitive  fibres  derived  from  the  posterior  roots  of  the 
nerves,  and  distributed  with  the  motor  fibres  to  the  muscles.  But 
this  explanation  is  inapplicable  in  the  case  of  the  muscles  of  the  eye. 
It  is  known  to  every  one,  that  violent  action  of  these  muscles  is  at- 
tended with  the  sensation  of  an  unpleasant  tension  in  them.  Is  this 
owing  to  the  single  motor  non-gangliated  roots  of  the  nerves  of 
these  muscles  containing  sensitive  fibres?  or  do  the  nerves  receive 
sensitive  fibres  from  other  sources  in  their  course?  The  nervus 
trochlearis  has  been  frequently  seen  to  be  connected  with  the  first 
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division  of  tho  fifth;  I  have  myself  seen,  in  the  calf,  a  twig  given  off 
.to  the  trochlearis  from  the  latter  nerve.  It  is  not  known  whether 
the  sensitive  fibres  pf  the  longer  root,  which  the  ciliary  ganglion 
derives  from  the  nasal  branch  of  the  fifth,  are  all  distributed  in  the 
ciliary  nerves;  or  whether  some  reach  the  short  root  of  the  gan- 
glion, and  thus  the  motor  oculi  nerve.  The  sixth,  or  abducens, 
nerve  can  apparently  derive  no  sensitive  fibres  from  other  nerves. 
Under  these  circumstances  it  must  remain  nndecided  whence  these 
nerves  acquire  the  fibres  by  which  they  are  endued  with  sensitive 
power. 

Nervus  facialis,  or  portio  dura  of  the  seventh  nerve, — ^This  is 
the  special  motor  nerve  of  all  the  muscles  of  the  face  (the  muscles 
of  mastication  excepted),  of  the  occipito-frontalis,  the  muscle  of  the 
ear,  the  stylohyoid  muscle,  the  posterior  belly  of  the  digastricus, 
and  the  platysma  myoides.  Division  of  the  facial  nerve  in  Mam- 
maHa  paralyses  all  the  muscles  of  the  fiice:  the  eyebrows  cannot  be 
raised,  nor  the  eyes  closed;  the  muscles  of  the  ear  do  not  act,  and 
the  nostrils  are  motionless,  &c.  Experiments  which  establish  this 
have  been  instituted  by  Bell,  Mayo,  Schoeps,  Backer,  myself,  and 
otliers.  Backer  remarked,  in  an  animal  poisoned  with  nuz  vomica, 
that  division  of  the  facial  nerve  put  a  stop  immediately  to  the  spasms 
in  the  muscles  of  the  face,  although  they  continued  in  other  parts  of 
the  body. 

Sir  C.  Bell  regarded  the  facial  nerve  as  motor  only,  but  it  is  also 
highly  sensitive.  M.  Magendie  has  stated  (Comptes  Rendus,  1839, 
Juin  3),  that  the  middle  branch  only  of  the  facial  nerve  is  in  the 
rabbit  endowed  with  sensibility,  and  he  has  described  the  filament  of 
the  fifth  nerve  to  which  this  is  due. 

The  sensibility  of  the  nerve  is  undubitable;  but  whether  its  sensi* 
ttve  fibres  are  contained  in  the  nerve  itself  from  its  origin,  or  super- 
added to  it  in  its  numerous  anastomoses  with  the  fifth  nerve,  namely, 
with  the  superficial  temporal,  subcutaneous  malae,  infra-orbital,  and 
mental  branches,  in  another  question. 

We  must  admit  that  the  facial  nerve  is  at  its  origin  simply  motor, 
or  that  it  receives  sensitive  fibres  from  the  brain  without  having  a 
special  sensitive  root.  The  last  supposition,  however,  is  not  neces- 
sary; for  the  source  can  be  distinctly  shown  from  which  the  facial 
nerve  derives  the  sensibility  which  it  still  retains  at  its  exit  from  the 
stylo-mastoid  foramen  when  the  trunk  of  the  nervus  trigeminus  is 
divided.  A  branch  of  the  vagus,  namely,  unites  with  the  facial  nerve 
in  its  course  through  the  Fallopian  aqueduct.  This  communicating 
branch,  which  exists  in  man  as  well  as  in  animals,  and  which  com- 
pletely explains  all  difficulties,  was  first  discovered  in  the  human 
subject  by  Comparetti,  and  has  also  been  described  by  Guvier  in  the 
calf.  It  is  given  off  from  the  nervus  vagus  at  an  acute  angle,  and 
passes  through  a  special  bony  canal  to  reach  the  facial  nerve,  with 
which  a  portion  of  its  filaments  unites;  while  the  continuation  of  the 
branch  is  distributed  to  the  external  ear.  This  nerve,  which  we  have 
seen  in  the  calf  as  well  as  in  the  human  subject,  is  evidently  a  prin- 
cipal cause  of  the  sensibility  of  the  facial  nerve.     For  further  infor- 


mation  on  the  subject  of  this  chapter^  see  Chapter  II.  of  the  4th 
Section  of  this  Book. 


CHAPTER  III. 

or  THK  SSNSiriTX  AND  MOTTOR  PROPSETnSS  OF  THS  OAR OLIONIC 

VEBVES. 

1.  7%f  ganglionic  nerves  are  sensitive. — Some  observers  have 
denied  to  the  sympathetic  the  property  of  conveying  sensations. 
BichAt  states,  that  he  irritated  the  ccBiiac  ganglion  both  mechanically 
afid  by  chemical  stimuli  without  exciting  pain.  Dupuy  cut  out  the 
inferior  cervical  ganglion,  and  the  animals,  he  says,  did  not  suffer. 
Wutzer  also  could  excite  no  pain  by  irritating  the  lumbar  ganglia  in 
^dog.  The  observations  of  Magendie  and  Lobstein  agree  with  the 
foregoing.  Flourens,  on  the  contrary,  has  in  such  experimenis 
always  observed  more  or  less  distinct  signs  of  pain.  In  Brachet'a 
experiments  there  were  sometimes  manifestations  of  suffering,  some- 
times none.  Mayer  has  obseryed,  that  both  when  the  superior  cer- 
vical ganglion  was  divided,  and  when  the  solar  plexus  was  irritated, 
the  Itnimals  gave  distinct  evidences  of  pain.  With  these  last  observers^ 
my  experiments  lead  me  to  agree  entirely.  I  have  not  only  several 
limes  seen  distinct  signs  of  suffering  produced  by  the  application  of 
machanical  and  chemical  irritants  to  the  coeliac  ganglion,  but,  in  all 
experiments  of  tying  the  nerves  of  the  kidneys  which  I  performed 
in  conjunction  with  Dr.  Peiper,  1  observed  evident  signs  of  eonsider- 
able  pain.  The  painful  sensations  felt  in  diseased  states  of  the  parts 
supplied  with  sympathetic  nerves  only,  prove,  much  more  clearly 
than  experiments  can  do,  that  these  nerves  have  sensitive  endow- 
ments. I  must  give  my  complete  assent  to  the  following  remark  of 
Prof.  E.  H.  Weber: — "I,  for  my  part,  regard  the  daily  observations 
of  the  existence  of  pain  in  these  parts,  which  some  would  deny  to  be 
sensible,  as  far  more  worthy  of  attention  than  the  foregoing  experi- 
ments.^' 

The  sensibility  of  the  parts  supplied  by  the  sympathetic  is,  how- 
ever, far  more  feeble  and  indistinct  than  in  other  parts;  for  we  seldom 
feel  in  the  stomach  the  very  cold  or  hot  food  which  we  swallow; 
substances,  too,  which  are  strong  stimulants  of  the  skin,  such  as  mus- 
tard and  horseradish,  are  rarely  productive  of  sensation  in  the  parts 
furnished  with  sympathetic  nerves;  it  requires  very  strong  impres- 
aions  to  excite  the  whole  sensitive  power  of  these  parts  in  as  power- 
ful a  degree  as  can  be  done  in  other  organs.  This  peculiarity  haa 
been  explained  on  the  hypothesis  of  Rail,  that  the  ganglia  have  the 
nature  of  half-conductors,  preventing  the  transmission  of  weak  im- 
pressions, and  allowing  the  transmission  of  such  only  as  are  the 
effects  of  very  intense  irritation. 

2.  The  ganglionic  nerves  have  a  motor j  though  involuntary  in^ 
ftuence  on  the  parts  tpkcih  they  supply.^The  experiments  which  I 
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perfonncd  with  Dr.  Sticker  huTe  proved  that  the  oontmctile  power 
of  the  muscles  is  the  resnit  of  a  reciprocal  actioa  between  them  and 
the  nerves,  and  is  lost,  like  the  excitability  of  the  nerves  themseivesi 
in  a  short  period  after  their  division,  if  reunion  do  not  take  place;  it 
is  evident,  therefore,  that  the  contractions  of  the  involuntary  muscles 
also  must  be  under  the  influence  of  their  nerves,  and  cannot  be  a 
property  of  themselves  as  muscles,  as  Halier  supposed.  We  have, 
likewise,  some  direct  proofs  of  the  motor  influence  of  the  ganglionic 
nerves  on  the  muscles.  Humboldt  has  excited  contractions  of  the 
heart  in  Mammalia,  by  the  application  of  galvanism  to  the  cardiac 
nerves;  and  since  his  experiments  were  formed  with  the  simple  gal- 
vanic circle,  they  are  certainly  of  great  weight  A  satisfactory  proof 
of  the  motor  power  of  the  sympathetic  is  the  experiment  which  I 
have  frequently  instituted,  and  constantly  with  the  same  resnit,  on 
the  cceliac  ganglion  in  the  rabbit  The  abdomen  of  a  rabbit  being 
opened,  I  waited  until  the  active  motions  of  the  intestines  excited 
by  the  influence  of  the  atmosphere  had  subsided,  or  ceased,  and 
then  touched  the  cceliac  ganglion  with  caustic  potash,  when  the 
peristaltic  motions  were  immediately  renewed  with  extraordinary 
activity. 

Motor  and  sensitive  fibres  in  the  sympathetic  netves. — ^The  qaee- 
tion  now  presents  itself,  whether  there  are  in  the  ganglionic  nerves 
fibres  of  one  kind  only,  and  whether  these  perform  all  the  ftmctiora 
of  nutrition,  sensation,  and  motion;  exciting  sensations  by  their 
action  on  the  brain,  and  nutrition  and  motion  by  an  influence  trans- 
mitted in  the  peripheral  direction.  This  is  in  itself  improbable;  for^ 
were  it  the  case,  the  excitement  of  secretion  in  the  intestinal  canai 
would  always  be  attended  with  increased  motion,  and  increased 
motion  with  increased  secretion.  This  consideration  is  alone  suffi* 
cient  to  suggest  the  probability  that  even  in  the  ganglionic  nerves 
there  are  sensitive  and  motor  fibres;  and,  moreover,  a  third  kind  of 
filaments,  organic  fibres,  namely,  for  the  regulation  of  the  chemical 
processes.  To  determine  this  question  with  greater  certainty,  we 
must  more  accurately  consider  the  connection  which  exists  between 
the  sympathetic  and  the  sensitive  and  motor  nerves. 

The  relation  of  the  sympathetic  with  the  cerebral  nerves  is  very 
complicated,  while  its  connection  with  the  spinal  nerves  is  simple 
and  easily  made  out.  The  investigation  of  its  communications  with 
the  latter  nerves  affords  us  principles  by  which  the  nature  of  its  con- 
nections with  the  cerebral  nerves  may  be  determined.  It  can  be 
seen  without  difficulty,  in  any  animal,  that  from  the  roots  of  every 
spinal  nerve  a  portion  is  given  off  to  join  the  ganglionic  nerves.  This 
forms  the  ramus  communicans.  Its  fibres  run,  for  the  most  part, 
from  the  spinal  nerves  to  the  ^nglionic  nerve. 

But  do  these  roots  supply  the  ganglionic  or  sympathetic  nerve 
with  both  motor  and  sensitive  fibres  from  the  spinal  cord  and  brain? 
Scarpa  and  Wutzer  inferred,  from  their  earlier  researches,  that  the 
sympathetic  is  connected  with  both  roots  of  each  spinal  nerve,  and 
consequently  receives  both  sensitive  and  motor  fibres,  which  the 
functions  of  the  viscera  dependent  on  its  influence  show  that  it  must 
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eotitain.  The  investigations  of  myselfy  of  Retzias,  Mayer,  and 
Wutzer,  have  established  as  correct  the  view  which  Wiitzer  had 
formerly  taken,  namely,  that  the  sympathetic  derives  radicle  fibres 
from  both  roots  of  the  spinal  nerves.  Mayer  has  indeed  traced  these 
fibres  in  the  roots  of  the  nerves  as  far  as  the  spinal  cord  itself.  The 
sympathetic  contains,  therefore,  both  motor  and  sensitive  fibres. 

By  the  microscopic  examination  of  the  radicle  fascicnli  derived  by 
the  ganglionic  nerve  from  the  spinal  nerves,  it  is  learnt  that  they  con- 
nsl  of  cylindrical  fibres,  similar  to  those  which  compose  the  spinal 
nerves  themselves:  the  tube  and  its  contents  are  as  -  easily  distin- 
^ished.  The  peculiarity  of  the  sympathetic  seems  to  consist  merely 
in  the  mode  in  which  it  assembles  its  radicle  fibres,  and  again  dis- 
tributes them  in  the  peripheral  direction.  The  radicle  fibres  run, 
tamely,  for  a  certain  extent  in  the  principal  cord  of  the  sympathetic 
before  being  given  off  in  the  branches;  and  thus  is  produced  an  ap- 
parently continuous  cord  from  the  superior  cervical  ganglion  to  the 
Snglion  coccygeum.  I  say,  apparently  continuous;  for  there  are  no 
}t8  to  justify  the  conclusion  that  the  fibres  coming  from  the  first 
tservical  ganglion  are  continued  to  the  inferior  extremity  of  the  cord. 
The  fibres  leave  the  longitudinal  cord  in  the  same  order  as  they  enter 
it:  the  first  form  the  cardiac  nerves,  the  next  the  splanchnic,  the  next 
the  renal,  the  aortic,  and  so  on.  This  relation  of  the  fibres  to  the 
.principal  cord  of  the  sympathetic,  may  be  compared  to  the  mode  of 
attachment  of  the  sacro-lumbalis  muscle  to  the  ribs.  But  it  is  not 
imlly  a  peculiarity  of  the  sympathetic.  It  is  a  stracture  com'mbn  to 
many  other  nerves;  the  spinal  nerves,  for  example,  have  arches  of 
oommunication  between  each  other,  and  thus  form  continitous  cords, 
extending  a.  considerable  distance,  from  which  are  given  off  in  sue* 
cession  the  nerves  which  had  previously  joined  them.  The  nerve 
called  the  ramus  deacendena  noniy  again,  is  partly  formed  by  the 
saperior  spinal  nerves.  On  the  other  hand,  it  sometimes  happens 
that  the  cord  of  the  sympathetic  is  interrupted  here  and  there  between 
the  points  where  the  radicle  fibres  join  it,  or  is  extrelnely  thin,  as  in 
oerpents. 

It  being  shown  that  the  sympathetic  regularly  receives  fasciculi  of 
motor  and  sensitive  fibres  from  the  spinal  nerves  as  its  motor  and 
sensitive  roots,  the  existence  of  a  similar  relation  between  it  and 
those  cerebral  nerves  which  are  analogous  to  the  spinal  nerves,  in 
having  double  roots,  becomes  very  probable.  The  hypoglossal, 
▼agus,  and  glosso-pharyngeal  nerves  do  in  fact  give  roots  to  the 
Miperior  cervical  ganglion,  and  thus  to  the  cord  of  the  sympathetic. 
We  do  not,  however,  mean  to  assert  that  all  the  fibres  of  these  cords 
sre  motor  and  sensitive,  for  such  is  not  the  case.  The  ganglionic  or 
sympathetic  nerve,  then,  receives  roots  of  sensitive  and  motor  pro- 
perties from  the  cerebral  nerves  which  we  have  named.  It  likewise 
receives  a  similar  root  from  the  great  spinal  nerve  of  the  head,  the 
nervus  trigeminus.    The  vidian  nerve  is,  at  least  in  part,  a  root 

g'ven  off  to  the  sympathetic,  as  will  be  more  distinctly  proved  in  the 
llowiug  Chapter.    An  account  of  some  recent  observations  by 
Valentin  relative  to  the  origins  of  the  motor  and  sensitive  fibres  erf 
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the  symp&thetic  will  be  given  in  Chapter  V,  of  the  following 
Section. 


CHAPTER  IV. 

01'  TH£   SrSTBM   OF    GRET  OE  OROANIC  FIBEBSy  AND  ITS  PR0PSRTIX8. 

Iv  the  present  state  of  our  knowledge,  little  instruction  can  be  de- 
rived from  the  views  of  the  earlier  physiologists  relative  to  the  pro- 
perties of  the  sympathetic  or  ganglionic  nerves.  It  is  not  sufficient 
to  be  told  that  these  nerves  are  destined  for  the  supply  of  the  vege- 
tative system  of  the  viscera,  while  the  cerebro-spinal  nerves  supply 
the  animal  system; — that  they  have  the  office  of  uniting  the  nerves, 
one  with  another,  into  one  harmonious  whole;— or,  that  they  are  the 
cause  of  the  sympathies.  The  important  labours  of  Sir  C.  Bell, 
relative  to  the  sensitive  and  motor  roots  of  the  nerves,  left  us  in 
ignorance  concerning  the  sympatlietic;  but  they  suggested  to  intel* 
ligent  minds  the  necessity  of  a  complete  reform  of  our  notions  regard- 
ing this  nerve.  It  is  but  recently  that  the  facts  and  ideas  contributing 
to  this  reform  have  been  published. 

On  this  subject  I  founded  my  opinions  on  the  observations  of 
Retzius  and  on  my  own  investigations  relative  to  the  presence  of 
organic  grey  fibres  running  in  the  peripheral  direction  in  the  cere- 
bral nerves — on  the  fact  of  the  primitive  fibres  of  nerves  not  uniting 
with  each  other  in  their  course -*on  the  origin  of  the  ganglionic 
nerve  frpm  the  motor  and  sensitive  roots  of  the  spinal  nerves— 
and  on  the  facts  relative  to  the  refiex  actions  of  the  nervous  system* 
I  expressed*  my  conviction,  not  merely  that  the  coumionly  received 
notions  respecting  the  supposed  use  of  the  connections  of  the  gan- 
glionic with  other  nerves, — namely,  the  transmission  of  sympathetic 
influences, — are  erroneous;  but  that  the  ganglionic,  as  well  as  the 
cerebro-spinal  nerves,  are  compound  in  structure.  I  suggested  that 
tiiey  contain  motor,  sensitive,  and  organic  fibres,  of  which  the  latter 
kind  alone  have  the  function  of  regulating  the  vegetative  processes, 
and  have  a  special  relation  to  the  ganglia;  that  the  cerebro-spinal 
nerves  are  likewise  composed  of  motor,  sensitive,  and  organic  fibres^ 
of  which  those  of  each  kind  have  their  specific  destination,  and  run 
their  course  together  without  uniting  with  the  others;  that  the  gan- 
glionic nerve  consequently  differs  only  in  having  numerous  ganglia, 
and  in  containing  a  large  number  of  grey  fibres,  which  give  it  a 
proportionally  greyer  colour;  while,  in  the  cerebro-spinal  system, 
the  grey  fibres  are  less  numerous,  and  are  seen  as  grey  fasciculi 
lying  in  the  larger  mass  of  white  fibres.  The  ganglionic  nerve  is 
not,  however,  I  observed,  equally  grey  in  all  parts;  the  main  lateral 
cords  are  whitish;  the  branches  of  the  abdominal  ganglia,  which  are 

*  In  the  second  part  of  the  first  volame  of  the  Handbach  der  Phjsioloffie,  pab- 
lishsd  in  1834}  p.  6i6^.4W,  and  p.  780. 
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dtffributed  to  the  viscera  of  vegetatiTe  life,  principally  grey.  This  is 
the  history  of  the  progress  of  our  knowledge  of  this  subject  np  t6 
the  present  time.  Remak  has  brought  it  to  a  state  of  far  greater 
certainty. 

1.  Grey  or  organic  Jihrts  in  the  cerebrospinal  nervM.— The 
facts  relative  to  this  subject^  which  were  given  in  the  first  edition  of 
this  work,  are  the  following: — First,  the  remarkable  and  important 
observation  of  Retzius  (/m,  18i97,  p.  997),  that  in  the  nervus  trige- 
minus of  the  horse,  and  partk^ularly  in  its  second  division^  there  are 
distinct  grey  sympathetic  fibres,  derived  from  the  spheno-palatins 
ganglion,  which  form  small  grey  ganglia  in  their  course,  and  can  be 
traced  upon  the  surface,  and  within  the  substance  of  the  second 
division  of  the  nerve,  as  far  as  the  nasal  branches  and  the  pitnitaif 
Bienibrane^  as  well  as  upwards  into  the  orbit  and  to  the  ciliarf 
ganglion. 

In  the  human  subject,  too,  fibrils  have  been  seen  by  Varrentrapp* 
to  be  given  off  from  the  cavei^ous  plexus  to  the  first  division  of 
the  nervus  trigeminus.  Moreover,  in  the  calf,  I  have  seen  a  thick 
jfasciculus  of  organic  fibres,  sent  from  the  sympathetic  within  the 
cranium  to  join  the  second  division  of  the  fifth  nerve,  just  below  the^ 
Qasserian  ganglion. 

Several  new  facts  have  been  made  known  by  M.  Giltay  {Ih 
nervo  sympalhico  Diss.  Lugd.  1834),  showing  that  organic  fibres 
can  be  traced  accompanying  cerebral  and  spinal  nerves  as  far  as  ths^ 
organs  to  which  they  are  distributed. 

From  a  variety  of  facts,  but  which  are  dented  by  Valentin,  I 
arrived  at  the  conclusion,  that  in  the  cerebro-spinai  nerves  three 
kinds  of  fibres  must  be  distinguished;  the  sensitive  and  motor,  both 
of  which  are  white,  and  come  from  the  roots  of  the  cerebro-spinab 
nerves, — and  grey  organic  fibres,  which  have  their  origin  in  the 
ganglia  of  the  ganglionic  or  sympathetic  nerve  itself. 

The  observations  of  Remak,  also  disputed  on  the  ground  of  inac« 
curacy  by  Valentin,  have  made  us  acquainted  with  the  peculiar 
microscopic  characters  of  the  grey  fibres,  by  which  they  may  be- 
distinguished  from  the  tubniar,  sensitive,  and  motor  fibres.  They 
are,  namely,  much  more  minute;  they  are  perfectly  homogeneofi8y 
that  is  to  say,  not  composed,  as  far  as  can  be  distinguished  with  the 
microscope,  of  a  tube  and  contained  portion;  and  are  so  pale  and 
transparent,  that  in  a  strong  light  they  are  not  visible;  lastly,  a  com- 
pletely characteristic  appearance  is  produced  by  the  small  roundisfab 
ct  oval  bodies  which  here  and  there  beset  their  surface. 

All  the  grey  nervous  fasciculi  which  we  have  described  as  ac-^ 
companying  in  their  peripheral  distribution  the  first  and  second 
division  of  the  fifth  nerve,  are  composed  of  such  fibres.  The  grey 
fibres  are  also  contained  in  the  grey  fasciculi,  which,  coming  from 
the  otic  ganglion,  or  plexus  gangliiformis  Santorini,  accompany  the 
third  divbion  of  the  fifth  nerve,  and  particularly  the  buccinator 
branch. 

*  Obe»  anst  de  parte  cephaliei  n.  lympathiei,    Franeof.  1831* 
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In  the  difference  of  microscopic  ehamcter  between  the  sensitiTe 
and  motor  and  the  organic  fibres,  an  excellent  means  is  afforded  us 
of  ascertaining  how  far  the  branches  of  communication  between  the 
cerebro>«pinai  and  ganglionic  nerves  belong  to  the  one  system  -ot  to 
the  othen  Many  nerves,  which  were  formerly  regarded  as  wholly 
sympathetic,  are  thus  found  to  be  in  part  of  the  nature  of  cerebro- 
•pjKial.  nerves. 

2w  Orey  or  organic  fibres  in  iht.  gangKonie  or  sympatheiie 
nerves.— In  the  former  edition  of  this  work  the  existence  of  two 
kinds  of  fibres  in  the  sympathetic  nerve  also  could  only  be  riiown  to 
be  probable,  it  could  not  then  be  satisfactorily  proved.  It  was  even 
then  suggested,  however,  that  the  ganglia  of  the  sympathetic  belong 
to  its  organic  fibres.  Remak  has  by  minute  examination  been  able 
to  distinguish  even  externally  in  many  parts  of  the  sympathetic  nerve 
grey  and  white  fasciculi:  and  the  microscope  has  in  every  instance 
revealed  to  him  tubular  fibres  in  the  latter,  and  the  peculiar  oi^nic 
fibres  in  the  former  kind  of  fascicul].  The  results  of  his  long  and 
patient  investigation  render  it  very  probable  also  that  the  organic 
fibres  arise  from  the  globular  bodies  in  the  ganglia,  and  from  the 
caudal  prolongations  cf  these  bodies;  he  regards  it  indeed  as  a  fiicf, 
that  they  do  arise  thus,  for  he  has  very  frequently  seen  commg  off 
from  the  globules  of  the  ganglia  filaments  beset  with  granules  similar 
to  those  observed  on  the  organic  i|bres.  The  accuracy  of  these  ob- 
aervations  is  denied,  however,  by  Valentin^ 

The  mere  existence  of  distinct  sensitive  and  motor  fibres  would^d 
priori^  lead  us  to  expect  that  there  should  be  other  special  fibres  to 
rule  ever  (he  vegetative  processes  of  the  body.  The  nerves  have  a^ 
most  marked  influence  on  secretions,  and,  if  there  were  but  one  kind 
of  nerves  for  the  regulation  of  the  movements  and  the  chemical  pro- 
cesses, the  increase  of  a  secretion  by  nervous  influence  ought  to  be 
always  attended  with  spasm,  and  spasm  with  increased  secretion; 
while  the  two  phenomena  are  oAen  met  with  separately,  just  as 
paralysis  of  the  motor  power  occurs  without  loss  of  sensation,  and 
paralysis  of  sensation  without  loss  of  motion.  If,  moreover,  we  con- 
sider how  frequently  the  grey  fibres  join  the  trigeminus,  abducens, 
and  facial  nerves,  in  the  first  of  whicli  they  can  be  traced  distinctly 
in  their  course  towards  the  mucous  membranes  of  the  mouth  and 
nose;  if  we  recollect  that  in  the  tympanum  there  is  a  plexus,  formed 
principally  of  organic  filaments,  destined  for  the  supply  of  the  mu- 
cous membrane;  and  that  no  involuntary  motions  are  performed  by 
the  mucous  membranes,  or  even  by  the  parts  to  which  the  second 
division  of  the  fifth  nerve  and  the  nervus  abducens  are  distributed; 
we  shall -at  once  perceive  the  much  greater  probability  of  the  second 
opinion— namely,  that  the  organic  fibres  in  the  cerebro-spinal,  as 
well  as  in  the  ganglionic  nerves,  have  the  function  of  regulaling  the 
organic  processes  of  nutrition  and  secretion.  This  view  is  much 
fiivoured,  too,  by  the  fact  that  the  sympathetic  receives  from  the 
motor  roots  of  the  spinal  nerves  motor  tubular  fibres,  on  which  the 
involuntary  motions  must  be  dependent.  If  this  be  really  the  func- 
tion of  the  organic  fibres,  the  motor  nerves  of  the  heart  ought  to  con- 
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sift  principally  of  the  white  tubular  fibres.'  And  such  is  in  fact  the 
case*.  Microscopic  examination  of  the  cardiac  nerves  of  the  calf 
shows  them  to  contain  a  great  number  of  tubular  fibres^  which  differ 
from  the  nervous  fibres  distributed  to  voluntary  muscles  merely  in 
having  a  smaller  diameter;  and,  if  we  compare  the  cardiac  nervee 
with  the  splanchnic  nerves  which  supply  the  secreting  viscera,  the 
much  greater  tendency  to  the  formation  of  ganglia  in  the  latter  nerves 
will  striking^  distinguish  them  from  the  former.  The  cardiac  nerves 
develope  no  central  ganglia,  the  splanchnic  swell  out  to  form  the 
great  cceliac  ganglion.  There  is  the  same  difference  between  the 
nerves  of  the  heart  and  those  of  the  generative  organs  supplied  from 
the  hypogastric  plexus.  Those,  too,  which  accompany  the  renal 
vessels  to  the  kidneys,  are  composed  in  by  far  the  greater  part  of 
grey  organic  fibres.  The  organic  nerves  of  the  penis,  which  I  have 
described  as  entering  the  corpora  cavernosa  at  their  root,  and  on 
which  erection  is  dependent,  are  grey. 

In  many  cases  the  organic  fibres  appear  to  be  wholly  interwoven 
with  the  cerebro-spinal  nerves.  In  this  way  we  might  explain 
the  absence  of  a  proper  sympathetic  nerve  in  the  cyclostomatoos 
fishes  (in  the  petromyzon  as  well  as  in  the  myxinoidea):  the  nefvus 
intestinalis  formed  by  the  two  nervi  vagi  runs,  in  the  myxinoid  fishes, 
along  the  line  of  insertion  of  the  mesentery  as  far  as  the  anus.  And 
on  this  supposition  only  can  we  explain  the  fact,  that  in  the  human 
mammary  gland  there  are,  according  to  my  observation,  no  special 
organic  nerves.  All  the  nerves  of  the  glandular  substance  of  the 
mamma  are  derived  from  the  third  and  fourth  intercostal  nerves. 


SECTION  III. 

or  THE  MODX   OP   PROPAGATION  OP  NERVOUS  ACTION  IN  THE  DIPPSR- 

£NT   NERVES. 

It  is  yet  uncertain  whether  nervous  action,  which  is  propagated 
with  such  immeasurable  rapidity,  is  owing  to  the  passage  of  an  im<- 
ponderable  matter  along  the  nerves, — whether  the  action  of  a  nerve 
separated  from  the  nervous  centres  when  irritated,  is  owing  to  a 
current  of  such  imponderable  matter  taking  place  through  it;  or 
whether  nervous  action  consists  merely  in  oscillations  or  vibrations 
excited  by  the  braiu  or  the  external  stimulus,  in  an  imponderable 
nervous  principle  present  in  the  nerves;  and  it  is  a  problem  at  present 
as  little  capable  of  solution  as  the  same  question  with  reference  to 
light,  namely,  whether  the  theory  of  emanation  or  that  of  undulation 
of  light  is  correct.  But  the  decision  of  this  difficulty  is  no  more 
necessary  to  the  study  of  the  laws  of  nervous  action,  than  is  the 
knowledge  of  the  true  theory  of  light  necessary  for  ascertaining  the 
laws  of  its  reflection,  refraction,  &c. 

In  comparing  the  different  parts  of  the  nervous  system,  we  find 
conductors  and  exciters  of  nervous  action.    The  conductors  are  the 
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Benret;  the  ezdtorB,  the  central  organs.  The  nerveiBy  however,  halre 
Qot  merely  the  quality  of  condactors;  for,  after  separation  from  Che 
Imiin,  they  are  for  a  certain  time  capable  of  ezeiting,  when  irritated, 
contractionaof  the  mnscles;  but,  after  they  are  thus  cut  off  from  com* 
munication  with  the  central  organs,  they  gradually  lose  this  faculty. 
Regarding  the  nenres  as  conductors,  the  propagation  as  well  as  the 
action  of  the  nerFOus  principle  may  be  explained  by  either  of  the 
theories  above  mentioned.  Either  the  imponderable  fluid  is  trans- 
mitted  in  a  certain  direction  through  the  nenres  as -a  current,  or  there 
is  merely  an  oscillation  excited  iu  this  fluid  within  tlienervous  fibres. 

y  The  rapidity  of  nenrous  action^  again,  may  depend  either  upon  the 
tepidity  x>(  the  transmission  of  the  nervous  fluid  between  the  brain 
and  the  peripheral  parts,  or  on  the  velocity  with  which  a  vibration 
eommencing  at  the  brain  or  any  given  point  of  a  nerve,  is  propagated 
to  its  peripheral  extremity,  or  vice  versd. 
The  attempts  made  to  estimate  the  velocity  of  nervous  action 
/  have  not  been  founded  on  sound  experimental  principles.    Ijaller 

^  calculated  that  the  nenrous  fluid  moves  with  the  velocity  of  JOOO 
ftet  in  a  minute;  Sauvages  estimated  the  rate  of  its  motion  at  S8,400, 
aind^  another  physiologist,  at  57,600  million  feet  in  a  second.  (Sea 
MaUer^s  Elmtntu^  t  iv.  p.  572.)  Whilst  the  galvanic  principle 
and  the  nervous  principle  were  regarded  as  identical,  the  rate  at 
which  the  latter  acts  was  calculated  from  the  rapidity  with  which 
electricity  is  transmitted  through  conductors.  We  shall  probabljr 
never  attain  the  power  of  measuring  the  velocity  of  nervous  action; 
for  we  have  not  the  opportunity  of  comparing  its  propagation  through 
immense  space,  as  we  have  in  the  case  of  light. 

The  time  required  for  the  propagation  of  a  sensation  from  the  sur- 
jEace  to  the  brain  and  spinal  marrow,  and  for  the  reflected  action 
producing  contractions  of  the  muscles,  is  immeasurably  short  Frogs 
poisoned  with  opium  or  nux  vomica  are,  at  first,  in  a  state  of  such 
excessive  sensibility,  that  the  slightest  touch  on  the  skin  excites  con- 
vulsions of  the  whole  body.  Here  the  impression  made  on  the  skin 
]s  propagated  first  to  the  spinal  cord,  and  from  the  cord  to  all  the 
muscles;  and,  nevertheless,  I  have  been  unable  to  detect  the  slightest 
interval  between  the  moment  when  the  skin  was  touclied  and  the 
occurrence  of  the  muscular  spasms. 


CHAPTER  I. 

OF  THE  LAWS  OF  THE  ACTION  OF  MOTOR  NERVES; 

«.  Of  the  lawn  of  the  troMmUHon  of  nervous  influence  in  motor  nerost. 

I.  The  motor  influence  it  propagated  onhf  in  the  direction  of  the  not^ 
vous  flbret  going  to  the  musclee^  or  in  the  tHrection  of  the  ramificoHmi 
nf  the  nerve;  and  never  in  a  retrograde  eourte.— It  is  a  fact  generally 
known,  that  by  irritation  of  a  motor  nerve,  aontraotiona  are  excited 
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in  no  Other  muscles  than  those  to  which  the  nerve  distributes 
branches.  When  a  nerve  is  irritated,  either  by  chemical,  mechanical, 
or  electric  stimuli,  or  by  the  application  of  both  poles  of  a  galvanic 
circle  to  the  nerve  itself,  all  the  muscles  supplied  by  the  branches 
given  oflf  by  the  nerve  below  the  point  irritated  are  thrown  into  con- 
tractions, and  those  muscles  only.  The  muscles  supplied  by  the 
branches  which  come  oflf  from  the  nerve  at  a  higher  point  than  that 
to  which  the  stimuli  are  applied,  are  never  excited  to  contractions. 
Not  the  slightest  twitchings  are  ever  produced  in  the  muscles  of  the 
tbigh  by  irritating  the  lower  part  of  the  ischiadic  nerve. 

n.  The  application  of  mechamcal  or  galvanic  irritation  to  a  part  of 
Aejibrea  of  a  nerve  does  not  affect  the  motor  power  of  the  whole  trunks 
but  only  that  of  the  insulated  portion  to  which  the  aiimulue  is  applied. 
•—This  experiment  can  be  best  performed  on  rabbits,  on  account  of 
the  larger  size  of  the  nerves  in  them  than  in  frogs.  The  ischiMic 
nerve  being  laid  bare  where  it  issues  from  the  pelvis,  different  por- 
tions of  it,  which  afterwards  separate  from  the  truuk  as  branches, 
may  be  easily  irritated  individually  with  a  needle;  and  it  will  be 
.satisfactorily  seen,  that  those  muscles  only  are  thrown  into  cpntrac- 
•tions  to  which  the  irritated  portion  is  ultimately  distributed.  To  be 
Able  to  see  the  slightest  twitchings  of  the  muscles,  the  skin  must  be 
removed  from  the  whole  limb  as  far  as  the  foot. 

III.  Jl  spinal  nerve  entering  a  plexus^  and  contributing  with  other 
nerves  to  the  formation  of  a  great  nervous  trunks  does  not  impart  its 
motor  power  to  the  whole  trunks  hut  only  to  the  fibres  which  form  its 
continuation  in  the  branches  of  timt  trunk, — This  is  shown  by  experi- 
ments of  Van  Deeu,  myself,  and  Kronenberg. 

Facts  are  every  day  observed  which  confirm  the  above  remarks, 
and  show  that,  although  the  same  nerves  frequently  give  branches 
to  many  ditferent  muscles,  the  cerebral  influence  can  nevertheless  be 
limited  to  particular  branches  or  single  fasciculi  of  a  nervous  trunk. 
The  nervous  influence  transmitted  from  the  brain,  for  example,  in 
diseases  of  that  organ,  is  frequently  confined  to  most  minute  portions 
of  muscles,  which  then  are  affected  with  tremors.  Moreover,  vrb 
know  that  the  primitive  fibres  of  the  nerves  are  anatomically  distinct; 
80  that,  taking  into  consideration  both  the  anatomical  and  physio- 
logical facts,  we  are  justified  in  the  conclusion  that  even  the  indi- 
vidual primitive  fibres  in  the  nerves  and  their  branches  maintain 
their  motor  power  insulated  within  themselves. 

b.  Of  the  associate  or  consensual  movements. 

I  here  refer  to  those  movements  which,  contrary  to  our  will,  ac- 
company other,  voluntary,  motions.  Several  of  these  phenomena 
were  formerly  confounded  with  others  of  a  different  nature.  Ex- 
amples of  the  true  consensual  movements  are  very  frequent,  even 
in  the  healthy  state  of  the  body.  When  we  endeavour  to  contract 
the  muscles  of  the  external  ear,  we  induce  motion  of  the  occipito- 
frontalis  muscle  also,  and  of  several  muscles  of  the  face.  When  we 
wish  to  elevate  and  depress  the  alae  nasi,  we  corrogate  at  the  same 
time^  without  willing  it,  the  eyebrows.     Very  few  persons  indeed 
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can  catise  the  different  musdes  of  the  face  to  act  singly;  they  cannot 
in  most  instances  make  the  individual  muscles  act,  except  in  groups 
with  other  muscles.  The  perineal  muscles,  the  sphincter  ani,  levator 
ani,  trans  versus  perinssi,  accelerator  u  rinse,  and  compressor  urethras, 
nearly  always  act  simultaneously  when  volition  is  directed  to  one 
only.  This  association  of  movements  is  most  striking  in  the  case  of 
the  iris.  [We  cannot  move  the  eye  inwards  by  the  action  of  the 
rectus  internus,  without  contraction  of  the  iris  being  produce(L|  The 
iris  contracts  likewise  whenever  the  eye^  is  turned  upwards  and  iii- 
wards  by  the  action  of  the  obliquus  inferior.  The  motor  influence 
both  for  the  two  muscles  here  named  and  for  the  iris  is  derived  from 
Ae  same  nerve,  namely,  the  nervus  motorius  oculi,  which  supplies 
the  short  motor  root  to  the  ciliary  ganglion.  When,  therefore,  the 
iniuence  t>f  volition  is  directed  upon  the  motorius  oculi  nerve,  or 
rather  upon  those  of  its  fibres  which  supply  the  muscles  in  question, 
the  nervous  stimulus  is  always  communicated  in  a  certain  degree  to 
other  primitive  fibres  of  the  nerve,— to  those,  namely,  which  form 
the  short  root  of  the  ciliary  ganglion. 

Similar  phenomena  are  indeed  observed  in  all  parts  of  the  body. 
Most  persons  find  a  difBculty  in  calling  into  action  separately  the 
individual  portions  of  the  musculus  extensor  com.  digitonim,  so  as 
to  extend  singly  separate  fingers;  for  example,  the  third  or  fourth, 
which  have  no  special  extensor  muscles.  During  violent  bodily  ex- 
ertion many  muscles  act  by  association,  although  their  action  serves 
no  apparent  purpose;  a  man  using  great  muscular  exertion  moves 
the  muscles  of  his  face,  as  if  they  were  aiding  him  in  raising  his  load; 
during  laboured  respiration,  and  in  persons  iu  a  state  of  debility,  the 
muscles  of  the  face  act  simultaneously  but  involuntarily;  although, 
except  by  raising  the  alse  nasi,  they  can  in  no  way  assist  respiration. 
The  phenomena  of  this  kind  are  so  numerous,  so  frequent,  and  so 
constantly  the  same,  that  the  few  examples  which  we  have  cited 
will  be  sufficient.  I  must,  however,  mention  one  fact  as  worthy  of 
special  attention,  since  it  is  the  most  complete  example  of  the  ten- 
dency to  consent  of  muscular  action  between  similar  parts  of  the 
right  and  left  side  of  the  body.  It  is  the  involuntary  motion  of  the 
iris.  The  motion  of  the  iris  is  always  simultaneous  in  the  two_eyes, 
as  well  when  it  is  excited  by  an  external  stimulus,  as  when  it  is  the 
effect  of  volition:  even  when  the  stimulus,  be  it  external  or  internal, 
acts  on  one  eye  only,  both  irides  contract  equally.  If  but  one  eye 
be  opened,  the  contraction  of  the  pupils  will  be  less  than  when  an 
equal  impression  of  light  falls  upon  both  eyes.  If  the  impression  of 
light  on  the  two  eyes  be  unequal,  the  size  of  the  pupil  in  the  two 
will  still  be  equal;  but  it  will  be  the  mean  between  those  which  the 
two  different  impressions  of  light  would  produce.  The  same  law 
prevails  when  the  motions  of  the  iris  are  determined  by  internal 
volition.  We  can  at  any  time  voluntarily  excite  consensual  motion 
of  the  iris,  as  I  have  already  stated,  by  rotating  the  eye  inwards,  or 
inwards  and  upwards;  but  the  most  remarkable  circumstance  is,  that 
the  irides  of  both  eyes  contract  when  one  eye  only  is  turned  inwards, 
the  other  being  still  directed  forwards.    The  power  wliich  every  one 
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lias  of  contracting  the  iris  by  turning  inwards  the  eye,  I  possess  in 
ma  extraordinary  degree.  If  I  cover  one  eye.  A,  and  look  directly 
forwards  with  the  other  eye,  B,  I  can  moveihe  iris  of  this  eye,  which 
I  keep  fixed,  at  will,  contracting  it  or  dilating  it  according  as  I  rotate 
tbe  covered  eye.  A,  inwards  or  outwards.  In  this  experiment,  the 
cause  of  the  motion  of  the  iris  is  concealed,  and  the  motions  are  the 
more  striking  from  the  eye  in  which  it  is  seen  to  take  place  being 
fixed.  The  cause,  however,  is  immediately  evident  when  I  open  the 
eye,  A;  it  is  then  perceived  that  to  produce  a  contraction  of  the  iris 
in  .the  fixed  eye,  B,  I  always  rotate  inwards  the  other  eye,  A.  It  is 
obvious  that  there  must  be  a  certain  arrangement  of  the  fibres  in  the 
brain,  whiqh  gives  rise  to  the  tendency  to  association  in  action  of 
those  fibres  of  the  two  motores  ocuii  which  go  to  form  the  ciliary 
nerves.  An  interjesting  fact,  easily  explicable  according  to  the  prin- 
dples  here  laid  down,  is  the  contracted  state  of  both  irides  in  sleep. 
It  is  a  consensual  motion  dependent  on  the  position  of  the  eyes, 
which  are  turned  upwards  and  inwards  by  the  inferior  oblique 
jnuscles.  Many  other  muscles  of  the  two  sides  of  the  body,  besides 
the  irides,  have  a  tendency  to  association  in  their  movements.  Thus 
the  muscles  of  the  eyes  have  this  tendency;  it  is  impossible,  for  ex- 
ample, to  turn  one  eye  downwards,  the  other  outwards,  or  both 
i>Qtwards  at  the  same  time.  When  one  eye  is  turned  outwards,  the 
other  is  always  rotated  involuntarily  inwards.  It  requires  practice 
to  be  able  to  keep  one  eye  open  while  the  other  is  shut;  that  is  to 
My,  to  contract  the  levator  palpebrse  of  one  side  only  by  the  influence 
of  the  motor  ocuii  nerve.  Few  persons  have  the  power  of  moving, 
by  the  influence  of  the  facial  nerve,  the  muscles  of  one  side  of  the 
face  difi'erently  from  those  of  the  other  side.  I  can  move  the  muscles 
of  the  ear,  even  the  smaller  ear-muscles,  the  anti-tragicus  at  least, 
quite  distinctly;  but  when  I  determine  voluntarily  these  motions  in 
one  ear,  they  always  take  place  on  the  other  side  also.  I  do  not 
know  whether  it  is  possible  to  cause  the  musculus  stylo-hyoideus  of 
one  side  to  contract  alone.  There  is  a  similar  tendencv  to  consen- 
taneous motion  between  the  corresponding  muscles  of  the  two  sides 
of  the  trunk,  but  it  is  much  less  marked:  the  abdominal  and  perineal 
muscles,  and  the  diaphragm,  nearly  constantly  act  simultaneously  on 
the  two  sides;  and  even  the  nerves  and  muscles  of  the  extremities, 
although  they  are  more  independent  in  this  respect,  are  not  wholly 
exempt  from  the  general  law.  The  difiiculty  of  executing  simulta- 
neously with  the  two  upper  or  the  two  lower  extremities,  rotatory 
motions  in  opposite  directions,  for  example,  around  a  common  axis, 
is.  well  known;  while  similar  motions  with  both  extremities  are  much 
more  easily  performed. 

The  explanation  of  all  these  phenomena  is  evident.  The  primi- 
tive  fibres  of  all  the  voluntary  nerves  being  at  their  central  extremity 
spread  out  in  the  brain  to  receive  the  influence  of  (fie  wilt,  we  may 
compare  them,  as  they  lie  side  by  side  in  the  organ  of  the  mind,  to 
thefkeys  of  a  pianoforte,  on  which  our  thoughts  plajtJor  strike,  and 
thusgive  rise  to  currents  or  vibrations  of  the  nervous  principle  in  a 
certain  number  of  primitive  nervous  fibres,  and  consequently  to 
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motions.  From  the  condacting  power  of  the  cerebral  snbstance  at 
the  origin  of  the  nervous  fibres,  however,  those  which  are  contigu- 
ous to  each  other  must  be  liable  to  be  affected  simultaneously,  and 
the  influence  of  volition  will  with  difficulty  be  confined  to  single 
fibres.  The  faculty  of  insulating  the  influence  of  the  will  is,  however, 
acquired  by  repeated  exercise;  that  is  to  say,  the  more  frequently 
a  certain  number  of  nervous  fibres  are  exposed  to  the  influence  of 
volition>  the  more  prone  do  they  become  to  obey  it  independently  of 
other  surrounding  fibres;  or,  in  other  words,  certain  paths  for  the 
more  ready  transmission  of  the  cerebral  influence  are  gradually 
developed.  This  faculty  of  insulation  of  the  influence  of  volition  b 
seen  to  reach  the  highest  degree  of  perfection  in  certain  arts,  for 
example,  in  the  use  of  musical  instruments^  particularly  of  the  piano- 
forte- 
All  associate  movements  have  their  source  in  the  brain  itself;  they 
cannot  be  attributed  to  a  communication  between  the  primitive  fibres 
in  the  motor  nerves;  for,  in  the  first  place,  the  primitive  fibres  do  not 
communicate  with  each  other;  and,  secondly,  irritation  of  a  portion 
only  of  a  great  nervous  tritnk  never  influences  the  rest  of  the  nerve, 
but  is  propagated  only  to  those  branches  of  it  which  are  formed  of 
the  fibres  irritated. 

The  associate  movements  cannot,  moreover,  be  ascribed  to  the 
action  of  the  sympathetic  nerve,  which  maintains  communications 
neither  between  different  portions  of  a  motor  nerve,  nor  between  the 
corresponding  nerves  of  the  two  sides  of  the  body;  sn^h  rnmmnni- 
cations  are  effected  solely  by  the  brain  and  spinal  cord. 


CHAPTER  IL 

OF    THE    LAWS    OP    THE    ACTION   OF    SENSITIVE    NERVES. 

a.  Of  the  laxo  of  the  propagation  of  the  nervous  influence  in  the 

sensitive  nerves, 

A  NERVE  preserves  ifssensitive  power  only  so  long  as  it  maintains 
its  communication  with  the  sensorium^  either  directly,  or  indirectly 
through  the  medium  of  the  spinal  cord.  We  will  now  consider  here, 
as  in  the  case  of  the  motor  nerves,  the  relation  which  subsists  be- 
tween the  trunks  and  branches. 

I.  When  the  trunk  of  a  nerve  is  irritated^  the  sensation  is  felt  in  all 
the  parts  which  receive  branches  from  it;  the  effect  is  the  same  as  if  all 
the  ultimate  ra$nuscules  had  been  irritated. — It  one  branch  only  of  a 
nerve  is  irritated,  the  sensation  produced  is  confined  to  the  part  to 
which  that  branch  is  distributed:  if  the  irritation  is  applied  to  the 
trunk  itself,  the  sensation  is  felt  in  all  the  parts  to  which  the  nerve 
sends  branches.  These  experiments  can  of  course  be  instituted  only 
in  one's  own  person;  biit  the  results  they  afford  are  as  certain  as 
those  of  the  experiments  on  motor  nerves  in  animals.    If  we  stretch 
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or  pinch  the  ulnar  nenre  intentionany,  by  pnshing  it  from  side  to 
ade,  or  by  compressing  it  with  the  fingers,  where  it  lies  at  the  inner 
ride  of  the  elbow-joint  above  the  internal  condyle,  we  hare  the  sen- 
sation of  **  pins  and  needles,^'  or  of  u  shocks  in  the  parts  to  which  its 
ultimate  ramuscules  are  distributed;  namely,  in  the  palm  and  back  of 
the  band,  and  in  the  fourth  and  fifth  finger.  If  stronger  pressure  is 
made,  the  sensations  are  felt  in  the  fore-arm  also.  By  drawing  the 
diomb  up  and  down,  at  the  same  time  exerting  pressure  along  the 
inner  side  of  the  upper  arm,  and  by  pressing  deeply  quite  at  the  upper 
pert  of  the  arm  at  the  inner  side,  we  may  easily  reach  the  median 
and  radial  nerves,  and  excite  similar  sensations  in  the  parts  to  which 
tbey  are  distributed.  Pressure  on  the  main  nervous  trunk  of  a  limb 
—for  example,  on  the  nervous  ischiadicus,— produces  the  well- 
known'  sensation  of  pins  and  needles  in  the  whole  limb,  or  the  sen- 
sation of  the  limb  being  <<  asleep.^'  By  sl  particular  position  of  the 
thigh  in  the  sitting  posture,  the  ischiadic  nerve  may  be  compressed 
at  its  very  exit  from  the  pelvis.  Having  ascertained  the  situations 
wtiere  other,  even  small  nerves,  can  be  subjected  to  such  mechanical 
farritation,  we  may  in  this  way  institute  experiments  in  our  own  person 
analogous  to  those  performed  on  animals  with  reference  to  the  motor 
fonction. 

II.  7^0  aenaoHon  produced  by  irtUaiianofa  branch  of  a  nerve^  u  can" 
Jbudto  the  parts  to  which  that  branch  U  autributed^  and  generally^  at 
ieaitf  does  not  affect  the  branches  which  come  off  from  the^nerve  highof 
tfi,  or  from  the  eame  ptexta.^-^The  facts  by  which  this  is  proved  are 
■0  well  known  that  it  is  unnecessary  to  detail  them  singly.  Irritation 
of  the  skin  is  ordinarily  felt  only  in  the  spot  where  the  irritant  is 
applied.  The  irritation  never  reacts,  for  example,  upon  the  brachial 
plexus,  and  on  the  other  nerves  which  arise  from  it. 

ID.  ffhien^  in  a  part  of  the  body  which  receives  two  nerves  of  similar 
funetion^  one  is  paralysed^  the  other  is  inadequate  to  maintain  the  sens^ 
biiUy  of  the  entire  partj  on  the  contrary ^  the  extent  to  which  the  sensi- 
biHty  IS  preserved  corresponds  to  the  munber  of  the  primitive  ^fibres  un- 
tffected  by  the  Usion^F^When  two  nerves  anastomose,  they  have  not 
the  power  of  compensating  for  the  inactivity  of  each  other,  as  is  the 
case  when  two  arteries  anastomose;  wherever  two  cerebro-spinal 
nerves  unite  to  form  a  thicker  trunk,  the  paralysis  of  one  root  of  this 
trunk  deprives  of  their  power  all  the  primitive  fibres  deriv^  from 
that  root  Thus,  when  the  ulnar  nerve,  which  supplies  the  fourth 
and  firth  fingers  and  a  part  of  the  third,  is  divided,  the  sensibility  of 
those  parts  is  not  supplied  through  the  medium  of  the  anastomoses 
of  the  ulnar  with  the  median,  nerve;  but  the  fourth  and  fifth  fingers 
are  permanently  deprived  of  sensibility.  If  the  ou|er  side  of  the 
fourth  finger  retains  a  slight  degree  of  sensibility,  it  must  be  due  to 
the  primitive  fibres  of  the  median  nerve  which  join  the  volar  branch 
of  the  ulnar. 

IV.  When  different  parts  of  the  thickness  of  the  same  nerve  are  sepa-  j  / 
ratehf  subjected  to  irritation^  the  same  sensations  are  produced  as  if  the  V  ^ 
different  terminal  branches  of  these  parts  of  the  nerve  had  been  irritated. 
— If  the  ulnar  nerve  be  irritated  mechanically  in  the  manner  already 
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deseribed,  particularly  by  preamngil  from  side  to  side  vith  Uie  finger, 
the  eenfliation  of  pins  and  needles  is  produced  in  the  palm  and  back 
of  the  handy  and  in  the  fourth  and  fiAh  finger^  But,  according  as 
the  pressure  is  Faried,  the  pricking  sensation  is  felt  by  turns  in  the 
fourth  finger,  in  the  fifth,  in  the  palm  of  the  hand,  or  in  the  back  of 
the  hand;  and,  both  on  the  palinand  on  the  back  of  the  hand,  the 
situation  of  the  pricking  sensation  is  different  according  as  the  preSi* 
sure  on  the  nerve  is  varied,  that  is  to  say,. according  as  different  fibres 
or  fiuNsiculi  of  fibres  are  more  pressed  upon  than  others. 

y.  77^  8en$aium$  excited  in  the  minuie  elemeniury  fibres  are  trmn»^ 
miiiedfrom  the  eiwrface  to  the  ftmin,  without  being  communieated  to  the 
other  fikrUe  of  the  eame  tiervoue  Inini.— Tliis  is  a  necessary  inference 
from  the  facts  and  lavirs  already  detailed. 

a.  Irritation  of  jthe  trunk  of  a  nerve  produces  the  same  sensatioa 
as  if  all  the  primitive  fibres  distributed  to  the  peripheral  parts  were 
irritated;  and  the  sensation  is  felt  iu  those  peripheral. parts,  just  as  if 
the  irritation  had  been  there  applied  to  the  fibres. 

b.  When  different  primitive  fibres  composing  a  nerve  are  irritated 
separately,  the  sensations  are  felt  in  different  points  of  the  periphery 
of  the  body.    ... 

c.  Irritation  of  the  branch  of  the  nerve  is  attended  with  sensation 
in  the  parts  to  which  that  branch  is  distributed. 

It  would  appear,  therefore,  to  be  a  matter  of  indifference  whether 
the  stimulus  be  applied  to  the  primitive  fibres,  where  they  are 
assembled  in  the  nervous  trunk;  in  the  branches,  where  they  are 
distributed  in  fasciculi;  or  in  the  peripheral  parts,  where  they  are 
isolated  from  each  other.  The  same  sensations  as  are  produced  by 
pricking  the  skin  with  needles,  or  by  the  creeping  of  ants  over  it,  are 
also  excited  by  exerting  pressure  on  the  primitive  fibres  where  they 
lie  aggregated  in  a  small  twig  of  a. nerve  going  to  a  finger,  in  which 
case  the  sensations  are  confined  to  the  skin  of  the  finger;  or  by  pres- 
sure on  the  trunk  of  the  nerve  when  they  are  felt  in  the  skin  of  all 
the  parts  which  the  nerve  supplies. 

Since  each  primitive  fibre,  in  its  whole  length,  from  the  brain  to 
the  skin,  is  in  connection  with  the  brain  by  one  point  only,  namely, 
by  its  extremity,  it  would  be  expected  that  at  whatever  part  it  is 
affected,  whether  at  its  peripheral  extremity,  in  the  middle  of  its 
course,  or  in  the  nervous  trunk,  the  same  sensation  must  be  pro- 
duced; for  all  the  impressions  made  upon  the  primitive  fibre,  in  its 
whole  length,  can  be  communicated  but  to  one  point  of  the  brain. 
The  primitive  fibres  of  a  nerve,  whether  long  or  short,  would  ap- 
pear, therefore,  to  represent  each  but  one  point  in  the  brain,  which 
makes  us  conscious  of  the  same  sensation  at  whatever  part  of  its 
course  the  primitive  fibre  may  have  been  irritated.  The  reason  why 
the  sensation  appears  to  have  its  seat  always  in  the  skin,  at  what- 
ever point  of  their  length  the  nervous  fibres  are  irritated,  seems  to 
be^  that  the  sensations  are  ordinarily  produced  by  an  action  on  the 
skin,  or  on  the  cutaneous  extremities  of  the  fibres.  Although,  how- 
ever, these  are  ju^t  conclusions  from  the  observations  we  have  de- 
tailed, still,  the  following  facts  show  that  the  theory  of  sensations 
here  given,  is  far  from  being  completely  established. 
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VI.  Jllitiovgh  prtasvre  on  a  nerve  gives  rise  to  seiuaHons  which 
are  felt  in  the  peripheral  partSj  yet  a  stronger  prenure  produces 
pain  in  the  nerve  itse(f  at  the  paint  to  which  it  is  vppHed.-^Yf^ 
experience  this  but  rarely,  as  when  we  ^ufier  violent  blowtf  on  the 
ulnar  nerve.  But  the  ezpeTiment  may  be  made  by  pressing  the 
Binar  nerve  with  gradoaify  increased  force  against  the  bone  above 
the  internal  condyle,  when,  in  addition  to  the  sensations  excited  in 
the  parts  which  the  nerve  supplies,  a  pain  will  be  produced  at  the 
•eat  of  the  pressure;  not  merely  in  the  surrounding  ^rts,  but  io  the 
serve  itself.  From  the  facts  already  detailed,  and  others  that  follow, 
this  would  not  be  expected;  and  there  seems  to  be  somethings  here 
with  which  we  are  unacquainted,  but  which  is  important  with  rela^ 
tion  to  the  theory  of  sensation.  Something  similar  i^  observed  in  the 
case  of  the  tumours  of  nerves,  erf"  which  the  characteristic  symptoms 
are  pains  in  all  parts  which  the  nerve  supplies;  and  violent  pains  ia 
all  those  parts  attend  the  division  of  the  nerve  above  the  tumour,  as 
I  observed  on  the  occasion  of  the  division  of  the  ulnar  nerve  in  the 
upper  arm,  above  such  a  tumour,  by  Prof.  Wutzer.  But  the  gan- 
glion, or  tumour,  of  the  nerve  is  itself  frequently  sensitive  and  very 
painful.  In  cases  of  disease  of  the  spinal  cord,  likewise,  the  pains 
are  commonly  felt  in  alt  the  peripheral  parts  which  lie  below  the 
point  affected;  but  sometimes,  though  rarely,  as  in  neuralgia  dorsalis, 
there  is  pain  along  the  middle  line  of  the  back. 

It  is  to  be  lamented  that  operating  surgeons  have  hitherto  neglected 
the  excellent  opportunities  they  enjoy  of  observing  the  phenomena 
which  attend  the  division  of  nerves. 

The  direction  which  the  pain  takes  in  cases  of  neuralgia,  namely, 
along  the  course  of-  the  nerves,  appears,  likewise,  not  to  agree  with 
the  theory  of  sensations  above  proposed.  It  must,  however,  be  re* 
marked  that  neuralgic  pains  by  no  means  constantly  follow  the  course 
of  the  nerves.  I  have  examined  several  cases  of  true  neuralgia  in 
Berlin,  in  which  the  pain  did  hot  pursue  the  course  of  the  anatomiod 
distribution  of  the  nerves. 

We  are  are  in  want  of  information  calculated  to  elucidate  these 
apparent  contradictions.  The  following  facts  are  favourable  to  our 
theory. 

VII.  When  the  extreme  parts  are  complete^  deprived  of  sensi* 
bUity  by  pressure  on  a  nerve^or  by  its  division^  irritation  ofthepor^ 
Hon  of  the  nerve  connectedwith  the  brainstill  exeitessensations  which 
are  felt  as  if  in  the  parts  to  which  the  peripheral  extremities  of  the 
nerve  are  distributed. — Thus  there  are  casesof  paralysis  in  which 
the  limbs  are  totally  insensible  to  external  stimuli;  but  in  which^ 
nevertheless,  they  are  the  seat  of  most  violent  pain. 

The  innumerable  cases  showing  that  division  of  the  nerve  fot 
neuralgic  pain  is  generally  attended  with  an  unfavourable  result, 
and  that  the  pains  frequently  return  with  as  great  violence  as 
before,  although  the  nerves  be  divided,  and  even  portions  of  them 
reaaoved,  afford  another  confirmation  of  the  above  statement.  In 
ftct,  when  the  cause  of  the  neuralgia  is  seated  in  the  tnmk  of  the 
nerve,— for  example,  of  the  facial  or  infraporbital  ];ierve,--divisum 
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af  it  can  be  of  no  lervicn;  for  the  stuiiip  remaining  in  eonnection 
with  tiie  brain,  and  containing  iu  itself  all  the  primitive  fibres  d» 
tributcd  in  the  branches  of  the  nerve  to  the  skin,  gives  rise,  as  we 
know,  when  irritated,  to  the  same  sensations  as  are  felt  when  the 
peripheral  parts  themselves  are  affected.  It  is  rarely  that  division 
of  the  nerve,  or  removal  of  a  part  of  it,  relieves  the  neuralgic  pain; 
aach  a  result  can  occur  only  when  the  cause  of  the  disease  is  sealed 
in  the  branches,  not  iii  the  trunk  of  the  nerve.  . 

Division  of  a  nerve,  then,  merely  prevents  the  possibility  of  ez* 
ternal  impressions  on  the  cutaneous  extremity  of  its  fibres  being 
felt;  the  impressions  being  no  longer  communicated  to  the  brain. 
But  the  same  sensations  which  were  before  produced  by  external 
impressions  may  arise  from  internal  causes,  as  long  as  the  primi^ 
five  fibres  of  the  trunk  remain  in  connection  with  the  brain  or 
qpinal  cord. 

When  a  nerve-— of  a  finger,  for  example ->-is  accidentally  divided^ 
the  paralysed  portion  of  the  finger,  although  insensible  to  external 
stimuli,  becomes  the  seat  of  pain,  during  the  existence  of  inflamma* 
tion  in  the  wound.  When  the  inflammation  has  subsided,  the  sense 
of  pain  ceases,  and  the  part  remains  quite  devoid  of  sensation^ 
The  observations  of  Gruithuisen  with  respect  to  these  phenomena 
in  his  own  person,  which  were  related  at  page  13d,  are  particulariy 
interesting.  Sir  Everard  Home  (Phihs.  TVan^aei.)  relates  a  case 
in  which  a  nerve  of  the  face  wss  divided  for  neuralgia,  and  where, 
the  wound  not  uniting  by  the  first  intention,  the  inflammatory  staM 
of  the  divided  extremities  of  the  nerve,  gave  rise  to  attacks  similar 
to  those  suffered  t>efore  the  operation;  though,  when  the  wound  had 
oomplelely  healed,  there  was  no  return  of  the  pain. 
.  The  phenomena  attending  the  slate  of  a  limb  <(asleep,''  in  conee* 
quence  of  pressure  on  the  nerves,  are  of  a  similar  kind.  The  pressure 
puts  a  stop  to  the  nervous  communication  from  the  periphery  to  the 
brain;  but  the  same  pressure,  by  affecting  the  upper  part  of  the 
nerve,  gives  rise  to  the  sensation  of  "creeping"  (^^/ormicaiio^*) 
and  pricking  in  the  limb,  which  has  lost  its  sensibility  to  external 
impressions. 

The  sensation  of  creeping  in  the  surface  frequently  attends  affec* 
tions  even  of  the  origins  of  the  nerves  from  the  spinal  cord  or  brain, 
or  of  these  latter  organs  themselves.  When  the  sensation  of  tin- 
gling is  felt  in  the  skin,  it  is  impossible  to  know  whether  the  cause  of 
it  is  seated  in  the  skin,  in  the  nerves  themselves,  or  at  the  origin  of 
their  fibres  from  the  spinal  cord.  It  is  frequently  the  spinal  cord 
itself.  In  nearly  all  diseases  of  the  spinal  cord,  tingling  in  the  skin 
is  a  symptom;  the  tingling  is  also  frequently  felt  in  the  paralysed 
parts  which  receive  their  nerves  from  the  cord  below  the  seat  of  the 
disease;  in  tabes  dorsalis  there  is  formicatio  or  tingling,  rK>t  merely  in 
the  mesial  line  of  the  back,  but  in  the  skin  of  the  whole  body,  or  of 
its  lower  half. 

From  the  foregoing  remarks  it  will  be  conceived  that  the  aum 
epileptics,  (a  kind  of  ^formicatio^^^)  which  b  felt  in  the  extreme 
parts  of  the  body  beforo  an  attack  of  jepilepsy,  has  its  cause  and  true 
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seat,  not  in  those  parts,  but  in  the  spinal  marrow  or  brain.  It  is  the  \/^ 
first  symptom  of  the  aflfections  of  the  spinal  marrow  and  brain  which 
show  themselves  during  the  attack.  Should  an  epileptic  fit  be  occa*- 
sionally  arrested  by  the  application  of  a  ligature  to  the  limb  aboFe 
the  seat  of  the  aura  epileptica,  it  roust  be  owing»  not  to  the  ligature 
preventing  the  transmission  of  any  morbid  matter,  but  to  its  pro- 
oiicing  a  strong  impression  on  the  sensorium.  It  must  be  remarked, 
however,  that  in  the  form  of  epilepsy  which  is  dependent  on  tumours 
of  the  nerves,  a  ligature  applied  to  the  limb  really  arrests  the  propa- 
gation of  the  irritation  to  the  spinal  cord. 

If  «  tourniquet  is  applied  to  the  arm  above  the  elbow-joint,  the 
first  effect  is  the  sensation  of  pins  and  needles  in  aH  parts  of  the  hand, 
then  gradually  numbness  and  the  sensation  of  cold  ensue,  and  at  last 
insensibility  to  external  stimuli.  If  now  the  nerves  in  the  axilla  and 
arm,  above  the  tourniquet,  are  irritated  mechanically  by  means  of 
the  fingers,  the  sensation  of  an  electric  shock  will  be  felt  in  the  hand 
aa  distinctly  as  when  the  nerves  of  the  fore-arm  and  hand  are  not 
paralysed  by  pressure. 

VIII.  When  a  limb  has  been  removed  by  ampuiaiion^  the  re* 
tnaining  portion  of  the  nerve  which  ramified  in  it  may  still  be  the 
Beat  of  sensations,  which  are  referred  to  the  lost  part, — This  is  a 
ikct  known  to  all  surgeons,  and  is  subject  to  no  exception.     It  is 
usually  said  that  the  illusion  continues  for  some  time,  namely,  as  long 
as  the  patient  is  under  the  care  of  the  surgeon;  but  the  truth  is,  that 
in  most  cases  it  persists  throughout  life:  ofihis  it  is  easy  to  convince 
oneself  by  questioning  a  person  whose  limb  has  been  amputated,  at 
any  periad  after  the  operation.     The  sensations  are  most  vivid  while 
the  surface  of  the  stump  and  the  divided  nerves  are  the  seat  of  in- 
flamoMition,  and  the  patient  then  complains  of  severe  pain  felt,  as  if 
in  the  whole  limb  which  has  been  removed.   (When  the  stump  is 
healed,  the  sensations  wliich  we  are  accustomea  to  have  in  a  sound 
limb  are  still  felt;  and  frequently  throughout  life  tingling,  and  often        ^ 
pains,  are  felt,  which  are  referred  to  the  parts  that  are  lost.    These 
sensations  are  not  of  an  nndefined  character;  the  pains  and  tingling 
are  distinctly  referred  to  single  toes,  to  the  sole  of  the  foot,  to  the      /  / 
dorsum  of  the  foot,  to  the  skin,  &c.     These  important  phenomena  ^  v  v 
have  been  absurdly  attributed  to  the  action  of  the  imagination,  &c^ 
They  have  been  treated  merely  as  a  curiosity;  but  I  have  convinced 
myself  of  their  constancy,  and  of  their  continuance  throughout  life, — ^ 
although  patients  become  so  accdstomed  to  the  sensations  that  they'^ 
cease  to  remark  them.     The  feeling  of  tingling  or  creeping  of  ants 
in  the  hand,  foot,  or  whole  extremity,  with  the  same  distinctness  as 
when  the  limb  is  still  present,  may  be  excited  much  more  vividly  by 
applying  a  ligature  or  tourniqtiet  to  the  stump,  or  by  exerting  pressure 
on  its  nerve;  hence  patients  have  the  feeling  of  their  lost  limb  most 
distinctly,  when  from  any  cause  the  application  of  the  tourniquet  is 
again  necessary.     If  the  patient  have  suffered  before  amputation 
from  a  local  painful  affection  of  the  limb,  the  whole  limb  will  still  be    y 
felt  as  if  in  pain  after  its  removal;  and  pain  will  be  felt  as  if  in  the 
46 
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whole  limb,  at  the  moment  tirhen  the  nerve  is  divided,  and  during 
the  inflammation  of  the  stump.* 

*  The  following  are  examples  of  these  phenomena: ^- 

o.  A  woman  who  had  lost  the  8<ni8ibility  of  one  arm,  had  the  same  limb  firao- 
tared;  mortification  ensued  in  it,  and  it  was  amputated  in  the  sorgical  clinical  ward 
at  Bonn.  The  amputation  was  not  felt;  but  the  division  of  the  nerre  most  hmvo 
excited  its  sensitive  power,  for  in  the  same  night  the  woman  complained  of  palns^ 
felt  as  if  in  the  fingers. 

'  6.  Job.  Wolff,  a  journeyman  tailor  In  Bonn,  had  bis  leg  amputated  at  the  first 
third  of  the  thigh,  twelve  years  ago.  Immediately  after  the  operation  his  seiit»> 
tions  were  those  of  his  limb  being  still  present;  and,  on  the  following  day,  heoom- 
plained  much  of  paius  in  the  le^r,  extending  to  the  toes.  On  the  same  day  tbe 
arm  was  removed  in  another  patient,  and  he  likewise  complained  afterwards  of 
pains  in  the  hand  and  whole  arm.  Wolff  1  found,  after  the  expiration  of  twelve 
Vtars,  to  baye  still  feelings  which  seemed  to  he  seated  in  the  toes  and  sole  of  the 
lost  foot,  and  occasionally  severe  pains  referable  to  the  sole.  Sometimes,  from 
preesore  in  lying,  the  stump  had  the  sensation  of  being  asleep;  and  then,  aa  well 
as  frequently  at  other  times,  he  felt  a  tingling  as  if  in  the  toes.  I  applied  a  toomi- 
^oet  to  the  stump,  so  as  to  press  upon  the  ischiadic  nerve;  and  he  immedia^ly 
said  that  he  felt  his  leg  asleep,  and  a  very  distinct  tingling  in  the  toes. 

e.  A  student  in  surgery,  a  Jew,  had  his  arm  amputated  above  the  elbow,  oa 
account  of  disease  of  the  joint.  As  long  as  we  had  an  opportunity  of  obsefTing 
him,  he  could  still  feel  the  lost  arm. 

d.  A  student  named  Schmidts,  from  Aix,  had  his  arm  amputated  above  tha 
elbow,  thirteen  years  ago;  he  has  never  ceased  to  have  sensations  as  if  in  the 
fingers.  He  imagines  that  he  feels  the  hand  in  a  bent  position.  He  feels  a  prick* 
log  in  the  fingers,  particularly  when  he  lies  upon  the  stomp,  so  as  to  press  tha 
brachial  nerves.  I  applied  pressure  to  the  nerves  in  the  stump;  and  M.  Schmidia 
immediately  felt  the  whole  arm,  even  the  fingers,  as  if  asleep. 

e.  My  **  commissionaire,*'  during  my  stay  in  Leyden,  baa  lost  his  arm  by  am- 
pQtation  above  the  elbow,  twelve  years  before;  but  he  had  still  occasionally  tha 
aansation  of  tingling,  as  if  in  the  fin^rs,  particularly  when  he  la^  upon  his  arm. 

/.  Vir  quidam  in  nosocomio  Judaico  Berolinensi,  eui  pes  sinister,  et  alter  eai 
brachium  slnistrum  amputatum  erat,  dicebant  arobo,  alter  post  hebd.  14  alter  17« 
S6  per  operationem  nihil  comniodi  nactos  esse;  alter  querebatur  de  dolore  vehe- 
menti  pedis,  et  alter  brachii,  cum  tamen  non  tarn  male  eos  habuisset  quam  in 
primis  hebdomadibus  post  factam  operationem,  et  uterqne  non  per  hebdomades, 
sed  per  menses  hosce,  sensus  hujus  fallacis  diminutlonem  habere  fatebaiur.  (La- 
mos.  Dissert,  inaug.  quse  dolorem  membri  amputati  remanentem  explicat.  Hal. 
1798,  p.  33.) 

^,  Nunc  temporis  etiam  ibi  versatar  juvenis  cui  ante  novem  menses  brachium 
ainistrum  demtum  est.  In  hoc  eadem  sensatio  sub  quinto  et  sexto  mense  post 
operationem  decessit,  sed  mense  octavo  aliquot  dies,  ubi  vehementior  esse  ccepit, 
habult,  ut  interdiu  tantum  ope  oculi  et  nocte  ope  manus  alteriotT  jactune  hujus  se 
convineere  possit.  (Ibid.  p.  33.)  The  author  of  the  dissertation  from  which  these 
cases  are  extracted,  attributes  the  phenomena  to  the  association  between  the  two 
extremities,  which  is  not  a  satisfactory  explanation,  for  this  association  should  first 
be  explained. 

A.  A  toll-keeper  in  the  neighbourhood  of  Halle,  whose  right  arm  had  been  shat- 
tered by  a  cannon*bal1  in  battle,  above  the  elbow,  twenty  years  ago,  and  afterwards 
amputated,  has  still,  (in  1833,)  at  the  time  of  changes  of  the  weather,  distinct 
rheumatic  pains,  which  seem  to  him  to  exist  in  the  whole  arm;  and  though  re* 
moved  so  long  ago,  the  lost  part  is  at  those  times  felt  as  if  sensible  to  draughts  of 
air.  This  man  also  completely  confirmed  our  statement,  that  the  sense  of  tha 
integrity  of  the  limb  is  never  lost. 

t.  A  man  whose  hand  had  been  amputated,  had  still,  seyen  years  afterwards, 
namely,  at  the  time  of  his  death,  pains  which  seemed  to  him  to  have  their  seat  in 
the  hand.  (Klein,  in  Graefe  u.  WaUher*s  Journ.  f.  Chirurg.  iii.  408.)  Professor 
Valentin  (Reporter,  fur  AnaU  and  Physiol.  1836,  p.  339,)  has  observed,  that  indi- 
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I  do  not  speak  of  the  dreams  of  individuals  who  hare  lost  limbs 
by  amputation,  nor  of  the  vivid  perceptions  such  persons  have  of 
sensations,  apparently  in  the  entire  limb  which  is  lost,  when  the 
stump  is  pressed  upon  from  the  position  of  the  body;  for  these  are 
necessary  consequences  of  the  persistence  of  the  internal  sensations 
of  the  limb  generally  throughout  Kfe. 

IX.  The  r^aiive  position  of  the  primitive  fibrts  of  the  nerves  alt  their 
origins  and  in  the  nervous  trunks^  is  not  altered  by  a  change  of  the  rda^ 
Uoe  position  of  their  peripheral  extremities;  and  hence  wejbid  that^  when 
the  relation  of  the  fibres  at  their  peripheral  extremity  is  dianged^  the 
sensations  of  which  tliey  are  the  seat^  are  referred  to  the  same  spots 
as  before. — This  is  exemplified  in  the  phenomena  observed  when 
the  peripheral  extremities  of  nerves  have  their  relative  position 
changed  artificially,  as  in  the  transposition  of  portions  of  skin. 
When,  in  the  restoration  of  a  nose,  a  flap  of  skin  is  turned  down 
from  the  forehead  and  made  to  unite  with  the  stump  of  the  nose, 
the  new  nose  thus  formed  has,  as  long  as  the  isthmus  of  skin  by 
which  it  maintains  its  original  connection  remains  undivided,  the 
tame  sensations  as  if  it  were  still  on  the  forehead;  in  other  words, 
when  the  nose  is  touched  the  patient  feels  the  impression  in  the  fore* 
head.  This  is  a  fact  well  known  to  surgeons,  and  was  first  observed 
by  Lisfranc.  When  the  communication  of  the  nervous  fibres  of  the 
new  nose  with  those  of  the  forehead  is  cut  off  by  division  of  the 
isthmus  of  skin,  the  sensations  are  of  course  no  longer  referred  to 
the  forehead;  the  sensibility  of  the  nose  is  at  first  absent,  but  is 
gradually  developed. 

Another  phenomenon,  perfectly  similar  in  its  nature  to  the  fore- 
going, and  explicable  on  the  same  principles,  is  that,  when  we  cross 
the  fore  and  middle  fingers,  and  roll  a  small  globular  body— for 
example,  a  pea — between  the  opposed  surfaces  of  the  fingers,  these 
■nrfaces  being  those  which  in  the  natural  state  are  turned  from  each 
Other,  we  seem  to  feel  two  globular  bodies.  Wheh  we  touch  a  smal( 
q)herical  body  with  two  fingers  in  their  natural  position,  we  do  not 
in  fact  feel  a  globe,  but  merely  two  convex  surfaces,  which  we 
imagine,  or  infer,  to  belong  to  a  globular  body.     If,  now,  we  cross 

vidoalB  who  are  the  sabjeets  of  congrenltal  imperfection,  or  absence  o(  the  eitremi* 
lies*  have  noTerthelesB  the  internal  aenaationa  of  such  limba  in  their  perfect  atato* 
A  girl,  a|[ed  19  years,  in  whom  the  metacarpal  bones  of  the  left  hand  were  very 
short,  and  all  the  bones  of  the  phalangrea  absent,— a  row  of  imperfectly  organised 
wart-like  projections  rppresentinj^  the  fingers,— assured  M.  Valentin  tnat  she  had 
•onatantly  the  internal  aensation  of  a  palm  of  the  hand  and  five  fingera  on  the 
Mi  aide  aa  perfect  aa  on  the  right.  When  a  ligature  waa  placed  around  the  stump, 
•he  had  the  sensation  of  **  formication**  in  the  hand  and  fingers;  and  pressure  oa 
the  olnar  nerve  gave  rise  to  the  ordinary  feeling  of  the  third,  fourth,  and  fiAh 
fingers  being  asleep,  although  these  fingers  did  not  exist.  The  examination  of 
three  other  individuals  gave  the  same  results.  These  observations  would  seem  to 
•how,  that  in  such  imperfectly  developed  limbs  the  primitive  nervous  fibres  des- 
tined for  the  absent  parts  are  present.  And  if  the  cases  examined  by  Prof.  Valen« 
tin  were  not  examplea  of  spontaneous  amputation  during  the  fcetal  state,  similar  to 
those  deacribed  by  Dr.  Montgomery  (Dublin  Journal,  vola.  i.  and  ii.),  and  Dr. 
Simpson  (Ihid.  vol.  z.),  they  would  prove  that  arreat  of  development  doea  ngt 
•Iwaja  depend  oa  deficiency  of  the  nervea  of  th«  pvU 
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the  fingers,  and  make  the  two  sides,  which  were  preyiously  external 
and  turned  from  each  other,  internal  and  opposed  to  each  other,  the 
sensations,  like  the  fibres  in  their  connection  with  the  brain,  main- 
tain the  same  relative  position  as  if  the  fingers  had  not  been  crossed. 

b.  Of  the  radiaiian  of  $ensahoiu* 

Occasionally  it  happens  that  one  sensation  excites  another,  or  that 
sensations  in  disease  extend  to  parts  not  actually  aflfected.  These 
phenomena  are  not  rare  in  the  state  of  health.  Thus,  tlie  tickling 
sensation  in  the  nose,  excited  by  the  influence  of  a  strong  light  on 
the  eyes,  the  extensive  sensations  arising  from  the  excitement  of  a 
N  limited  spot  by  ticklings  the  general  sensations  consequent  on  the 
^'  irritation  of  the  organs  of  generation  In  coitus,  are  of  this  nature;  as 
also  those  excited  by  the  near  and  startling  report  of  a  gun,  and  the 
sensations  of  trickling  of  water  over  the  surface,  and  of  shuddering, 
caused  by  hearing  certain  sounds,  such  as  the  scratching  of  glass,  or 
by  biting  sandy  substances.  The  pathological  phenomena  of  this  kind 
are,  however,  much  more  numerous:  for  example,  the  toothache  ex- 
tends from  the  situation  of  the  irritating  cause  over  the  whole  face; 
pain  in  one  finger  extends  to  the  hand,  arm,  and  the  other  fingers, 
without  our  being  able  in  all  cases  to  suppose  that  the  exciting  cause 
jof  the  pain  has  been  actually  communicated  to  all  these  parts.  The 
radiated  sensations  are  more  especially  extended  when  excited  by  a 
tumour  of  a  nerve,  as  in  a  case  related  in  the  Medical  Gazette,  1834.* 
After  amputation  of  the  thigh,  a  swelling  formed  in  the  ischiadic 
nerve  at  its  extremity,  where  it  was  also  firmly  united  to  the  cicatrix 
and  bone;  after  a  short  time  the  skin  of  the  entire  stump,  and  some- 
times even  distant  parts,  such  as  the  integuments  of  the  abdomen, 
became  afiiBcted  with  severe  pain  without  any  inflammatory  symp- 
toms; but  the  stump  being  amputated  at  a  higher  point,  the  pains  did 
not  return.  It  is  only  necessary  to  hold  for  a  certain  time  to  a  point 
of  the  skin  a  body  of  a  burning  temperature,  to  convince  oneself  that 
sensations  can  be  produced  in  surrounding  nervous  fibres,  which  are 
not  themselves  immediately  affected  by  the  exciting  cause.  In  the 
healthy  state,  such  sympathetic  sensations  would  be  very  inconve- 
nient; hence  nature  has  avoided  their  occurrence,  by  making  the 
individual  nervous  fibres  insulated  in  their  action;  for  if  the  fibres 
from  ten  different  points  of  the  skin  united  to  form  one  fibre  before 
reaching  the  brain,  only  one  impression  from  these  ten  points  could 
be  perceived  by  the  sensorium,  and  it  could  be  referred  only  to  one 
spot;  and  if  each  primitive  fibre  in  its  course  became  united  with 
nine  other  fibres  which  were  afterwards  continued  isolated  to  the 
brain,  the  irritation  of  a  single  spot  of  the  skin,  even  in  the  state  of 
health,  would  be  attended  in  its  propagation  to  the  brain  by  nine 
other  sensations  in  other  parts.  Now,  in  tlie  healthy  state  this  does 
not  usually  occur;  and  it  cannot,  because  of  the  isolation  of  the  ner- 
vous fibres  in  their  course  to  the  brain.    But  there  are  cases  which 

*  OhBerTaiions  on  the  Neuralgic  Affections  of  stomps  aAer  amputaiion,  by  Mr. 
J.  F.  Crookes.  The  rationale  of  the  phenomena  stif^gf^sted  by  Mr.  Crookea  ia 
very  similar  to  the  second  explanation  mentioned  by  Prof.  Muller. 


aie  exceptions  to  this  rule;  and  how  can  the  secondary  sensations  i« 
each  instances  be  accounted  for? 

In  what  light  now  are  w^  to  regard  the  action  of  the  sensitive 
fibres  or  sensitive  nerves  thus  secondarily  affected?  Is  it  reflex  actiom 
derived  from  the  brain  and  spinal  cord?  Does  a  current  pass  from 
the  cerebral  or  spinal  extremity  of  the  nerve  in  a  retrograde  course 
to  its  peripheral  e^ctremity?  or»  if  there  is  no  current,  but  merely  o»- 
ciUlation  of  a  nervous  principle,  does  the  impression  conveyed  to  the 
brain  by  the  nerve  primarily  excited,  give  rise  to  a  reflex  oscillation 
in  another  nerve  from  its  cerebral  to  its  peripheral  extremity?  It  is 
exceedingly  probable  that  there  is,  at  all  events,  a  reflection  of  the 
irritation  from  the  spinal  marrow  or  brain  upon  the  nerve  of  seosiir 
tipn.  It  must  be  remarked,  however,  that  if  we  explain  the  sympa- 
thetic sensations  by  such  reflex  action,  we  must  presuppose  that 
currents  or  oscillations  can  be  propagated  in  the  sensitive  nerves  in 
both  directions, ~ from  the  brain  as  well  as  towards  it.  It  is  not 
known  whether  this  be  possible,  or  whether  the  sensitive  nerves  can 
propagate  their  actions  in  the  centripetal  direction  only.  It  is  inter- 
esting, therefore,  to  know  that  we  can  explain  the  phenomena,  even 
though  the  sensitive  nerves  dp  not  act  in  the  centrifugal  direction. 
We  have  seen  that  the  same  sensation  seems  to  be  produced 
at  whatever  point  of  its  length  a  nervous  fibre  is  irritated^  whe- 
ther at  its  peripheral  extremity,  at  its  middle,  or  at  its  origin  in 
the  brain  and  spinal  cord;  and  that  this  sensation  is  felt  in  the  parts 
to  which  the  nerve  is  ultimately  distributed:  the  mere  <<  radiation" 
of  an  impression,  therefore,  from  one  sensitive  nerve  in  the  substance 
of  the  brain  or  cord,  so  as  to  affect  the  origins  of  other  sensitive 
fibres,  will  be  sufficient  to  produce  sympathetic  sensations.  We 
know  in  fact  that,  in  affections  of  the  spinal  cord,  the  sensations  are 
felt  in  the  peripheral  parts  of  the  body;  thus  inflammation  of  the 
spinal  cord  is  attended  with  violent  pain  in  the  limbs.  The  radia- 
tion of  sensations  may  have  a  similar  cause. 

c.  Of  the  coincidence  of  several  sensations. 

Sensations  appear  to  be  clearly  defined  and  distinct  in  proportion 
to  the  number  of  primitive  fibres  distributed  to  the  part  in  which 
they  are  excited;  the  fewer  the  primitive  fibres  which  an  organ  re- 
ceives, the  more  likely  is  it  that  several  impressions  on  different  con- 
tiguous points  will  act  only  on  one  nervous  fibre,  and  hence  be 
confounded  together,  producing  but  one  sensation.  Prof.  E.  H. 
Weber  {•^nnotai.  ^nai.  et  PhysioL  p.  44 — 81,}  has  made  some 
interesting  observations  relative  to  the  degree  of  distinctness  of  sen- 
sations in  different  parts  of  the  body,  as  measured  by  the  power  of 
distinguishing  distances.  The  experiments  consisted  in  touching  the 
skin,  while  tTie  eyes  were  closed,  with  the  points  of  a  pair  of  com- 
passes sheathed  with  cork,  and  in  ascertaining  how  close  the  points 
itfthe  compasses  might  be  brought  to  each  other  and  still  be  felt  as 
two  bodies.  The  experiments  were  numerous;  the  following  are 
the  results: — The  extremity  of  the  third  finger  and  the  point  of  the 
tongue  were  found  to  be  the  parts  of  which  the  sensibility  was  most 
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•cote;  a  distance  of  as  little  as  )  of  a  line  being  here  distinguished. 
On  the  dorsum  of  the  tongue  the  two  points  of  the  compasses  to  be 
ftit  distinctly,  that  is,  to  excite  two  sensations,  required  to  be  sepa- 
rated to  the  extent  of  two  lines.  With  the  extremities  of  the  fingers, 
and  the  point  of  the  tongue,  the  distance  could  be  distinguished  most 
easily  in  the  longitudinal  direction;  on  the  dorsum  of  the  tongue,  the 
fiice,  the  hairy  scalp,  the  neck,  the  whole  arm,  and  the  foot,  the  dis- 
tance between  the  pohits  of  the  compasses  could  be  recognised  best 
when  they  were  placed  transversely.  The  following  table  shows 
the  degree  of  sensibility  of  diflerent  parts  as  evidenced  by  the  dis- 
tances at  which  the  two  points  of  the  instrument  could  be  felt  as  two 
distinct  bodies: — 


Point  of  the  ton|roe  . 

Palmar  ■orfaoe  of  third  fingnr 
Red  Mirface  of  the  lipa 
Palmar  aorface  of  aecond  finger  . 
Doraal  aorface  of  third  finger 
Tip  of  the  noae 

The  palm  over  the  headaof  the  metacarpal  bones 
Borsom  of  the  tongoe  one  inch  from  the  tip 
Part  of  the  lipe  covered  by  the  akin    . 
Border  of  the  toogoe  an  inch  from  the  tip  . 
Metacarpal  bone  of  the  tiiumb 
Extremitj  of  tlie  great  toe 
Doraal  aorface  of  the  second  finger 
Palm  of  the  hand  • 

Sliin  of  the  cheeli 

External  aor&oe  of  the  eyelids    .  • 

Mocooa  membrane  of  tho  hard  palate 
Bkin  oyer  the  anterior  part  of  the  lygoma  • 
Plantar  aorface  of  the  metataraal  bone  of  the  great  toe 
Duraai  aorface  of  the  first  finger 
On  the  doraom  of  the  hand  over  the  beads  of  the  metacarpal  bones 
Mocous  membrane  of  the  gums  . 
Skin  over  the  posterbr  part  of  the  zygoma 
Lower  purt  of  the  forehead  .  • 

Lower  part  of  the  occiput    .  • 

Back  of  the  hand  .  .  . 

Neck,  onder  the  lower  jaw  • 
Vertex  .... 

Skin  over  tlie  patella  . 

eacruro  . 


acromion 


llie  leg  near  the  knee  and  foot    • 

Doraom  of  the  foot  near  the  toes 

The  skin  over  the  sternum 

— '*~— '  over  the  five  opper  vertebro 

■  over  the  spine  near  the  occiput    . 

— — .._.,^_.*«—  in  the  lumbar  region 

in  the  middle  of  the  neck 

— in  the  middle  of  the  back 

Tlie  middle  of  the  arm 

.  thigh     . 


I  a  line. 
1  line. 
9  lines. 

a  « 


3 
3 
3 

4 

4 

4 

4 

5 

5 

5 

5 

5 

6 

7 

7 

7 

8 

9 

10 

10 

12 

14 

15 

15 

16 

18 

18 

18 

18 

SO 

24 

24 

24 

30 

30 

30 

30 


«• 


The  distance  between  the  points  of  the  compasses  seemed  to  be 
\|  greater  when  felt  by  the  more  sensitive  parts  than  when  it  was  esti- 
mated by  parts  of  less  distinct  sensibility.  When  the  points  of  the 
instrument  were  applied  in  a  line  drawn  round  the  thorax,  two  spots 
were  found,  namely,  in  the  middle  line  before  and  behind,  at  which 
the  sensibility  was  more  defined  than  elsewhere.    If  the  points  of 
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the  compasses  were  applied  in  the  same  line^  but  in  the  direction 
pfirallel  with  the  axis  of  the  body,  four  spots  were  found  especially 
sensitive;  two  of  these  were  situated  before  and  behind,  in  the 
middle  line,  and  two  at  the  sides.  If  the  points  of  the  instrument 
irere  placed  either  transversely  or  longitudinally  in  a  line  drawn 
from  the  chin  to  the  pubes,  the  sensibility  was  found  to  be  most  dis^ 
tinct  on  the  chin,  less  on  the  neck,  again  more  distinct  over  the 
sternum,  less  so  at  the  upper  part  of  the  abdomen,  again  more  dis- 
tinct at  the  navel,  and  indistinct  in  the  neighbourhood  of  the  os  pubis. 
In  the  middle  of  the  back  the  most  defined  sensibility  was  found  just 
below  the  occiput  and  over  the  coccyx.  Along  the  side  of  the 
trunk,  the  most  distinct  sensibility,\ii(fia|XOundin  the  axilla  and  in  the 
groin.* 

The  accuracy  with  which  impressions  are  perceived  does  not 
depend  essentially  on  the  i presence  and  number  of  thei  papillae;  for 
the  sensibility  of  the  nipple. is  indistinct,  and  the  most ^cpte  sensi- 
bility of  the  tongue  is  limited  to  the  tip:  hence  Weber  supposea  the 
difference  of  sensibility  to  depen()  on  the  number,  course^  apd 
JQiode  of  termination  of  the  nervous  fibres.  I  coincide  entirely  in 
this  opinion,  and  will  merely  remark,  that  the  greater  or  less  facility 
for  the  radiation  of  impressions  in  different  parts  of  the  brain  and 
spinal  marrow  may  have  some  share  in  the  production  of  these 
differences.  ^ 

The  greatest  power  of  distinguishmg  distances  by  sensation  if 
possessed  by  the  retina.  It  is  interesting,  with  reference  tp  the  laws 
of  sensations,  to  know  that  the  size  of  the  globules  of  .the  retina 
corresponds  to  that  of  the  smallest  s^n^ble  points  on  it.  Weber 
found  that  the  globules  of  the  retina  measured  from  j^^f  to  ^\if  of 
an  inch  in  diameter;  and  the  smallest  angle  of  vision  at  which  two 
points  can  be  distinguished  is  40";  from  which  Smith  calculated  that 
the  most  minute  sensitive  point  of  the  retina  measured  ^vW  ^^  ^^ 
inch.  Weber  remarks,  that  when  two  impressions  fall  upon  such  a 
point,  they  will  give  rise  to  but  one  sensation.t  Baumgaertner:^  at- 
tributes our  indistinct  perception  of  objects,  of  which  the  ezteqt  is 
seen  at  a  less  angle  than  13  seconds,  to  the  physiological  radiation 
of  sensations. 

A  very  remarkable  instance  of  the  coincidence  or  <<  identification" 
of  sensations  is  afforded  by  two  corresponding  nerves  of  the  op- 
posite sides  of  the  body,  namely,  the  optic  nerves;  no  parallel  case 
can  be  found  in  the  whole  body,  and  it  must  here  depend  on  some 
special  provision  of  structure.  Impressions  on  the  corresponding 
sensitive  nerves  of  the  right  and  left  sides  in  no  other  instance  give 
rise  to  a  single  sensation.    Similar  impressions  on  the  two  hands 

*  Valentin  has  repeated  these  experiments  on  himself  and  four  other  persons, 
with  results  which  agree  in  the  main  with  those  obtained  by  Weber,  but  whieh 
prove  that  the  same  parts  of  the  surface  may  diflPer  very  considerably  in  the  acote- 
iieM  of  their  sensibility  in  different  individuals.  See  Valentin,  De  Function. 
Nervor.  p.  119.      . 

I  Weber*8  edition  of  Hildebrandt's  Anat.  i.  p.  165. 

%  Zeitschri(\  fur  Physik  and  verwandte  Wisaench.  it.  Bd.  3  Hft  p.  236. 
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are  felt  distioctiy,  not  as  one  sensation;  on  the  contrary,  the  two 
being  conveyed  to  the  sensorium  give  rise  in  it  to  two  distinct  sensa* 
tions.  In  the  eyes  or  optic  nerves,  however,  we  meet  with  the 
anomaly  that  certain  fibres  of  the  one  nerve  with  certain  fibres  of 
the  other  have  but  one  and  the  same  sensation,  hence  the  phenofueoon 
of  single  vision  with  two  eyes. 


CHAPTER  III. 

OV  THE  BEVLEX  ACTION  BT  WHICH  IMPRESSIONS  ON  8ENSITITB 

NERVES  GIVE  RISE  TO  MOTIONS. 

The  occurrence  of  motions  consequent  on  sensitive  impressions 
has  been  known,  not  merely  to  the  earlier  physiologists,  but  to  the 
cultivators  of  medicine  in  all  ages.  Physiologists  have  generally 
followed  Willis  in  ascribing  them  to  nervous  communication  by 
means  of  the  ganglionic  or  sympathetic  nerve,  which  hence  ac- 
quired the  latter  epithet.  Comparetti  {Occursus  Medici.  Vcnetiis, 
1780,)  wrote  an  entire  work,  for  the  purpose  of  explaining  the 
morbid  consensual  phenomena  by  communications  between  nervet. 
These  views  were  adopted  by  most  physiologists;  and  even  very 
recently,  ^see  T^demarij  2ieitschr\fi  fur  Physiol,  i.  1825,)  new 
anatomical  facts  relating  to  the  nerves  have  received  applications 
agreeing  with  them.* 

Some  even  of  the  earlier  physiologists,  however,  as  Haller,  CnU 
len,t  Whytt,t  Monro,§  and  others,  were  dissatisfied  with  this  theory 
of  sympathies.  Whytt  and  Cullen  believed  the  phenomena  to  take 
place  through  the  intervention  of  the  sensorium,  and  to  be  conse- 
quent on  sensations.  It  is  but  very  recently,  however,  that  these 
sympathetic  motions  have  been  investigated  in  an  exact  and  ex- 
perimental manner.  Several  important  facts,  unfavourable  to  the 
hypothesis  of  these  phenomena  being  dependent  on  the  sympathetic 
nerve,  were  noticed  by  Mayo  {^nalom.  and  Physiol.  Com- 
tnentaries,)  in  1823.  It  had  been  usual  to  attempt  to  account  for 
the  fact  of  the  motions  of  the  iris  being  determiiied  by  the  influence 
of  light  on  the  retina  by  communications  supposed  to  exist  between 

*  The  tympathetie  movements  seem  to  have  been  ^nerally  attributed  by 
physidogiste  in  Germany,  during  the  last  few  years,  to  nervoas  communicatioot; 
•Qch,  however,  has  not  been  ttM  case  in  this  eoantry.  The  opposite  view  has 
been  adopted  by  the  modern  Enorlish  authors  who  have  published  original  works 
on  Physiology.  See  Dr.  Alison  s  Outlines  of  Physiology,  1831,  and  Transact* 
of  the  Med.  Chir.  Society  of  Edinb.  vol.  ii.;  Dr.  Bostock's  Elements  of  Physio- 
logy, 1827,  vol.  iii.  p.  224,  and  Mr.  Mayo's  Outlines  of  Physiol.  2d  ediu  1829, 
paffes  339  and  344. 

T  Institutes  of  Medicine,  pU  i. 

4  On  Sympathy  and  Nervoas  Difeaies  (in  fh«  German  edition  of  WhyU*f 
works,  p.  241.)— An  Essay  on  the  Vital  tnd  other  Involuntary  Motions.  Edinb. 
1751,  p.  248. 

5  On  ibe  Nenron'  gHpib  1V87.) 
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the  optic  nerve  and  the  sympathetic.  But  Mr.  Mdyo's  etperiRients 
on  the  nerves  of  the  eye^^with  reference  to  the  motions  of  the  iriSyin 
which  it  was  shown  that  these  motions  are  effected  by  the  action  of 
the  third  nerve^  and  may  he  excited  by  irritation  of  the  optic  nerve  y 
(as  by  stretching  it}(proved  that  the  phenomenon  must  be  produced  v 
through  the  medium  of  the  braini  After  dividing  the  optic  nerve 
within  the  cranial  cavity  in  a  pigeon^  he  was  still  able  to  excite  con- 
traction of  the  pupil  by  exerting  traction  on  the  portion  of  the  optic 
nerve  connected  with  the  brain.  The^  principle  of  the  reflection  of 
the  irritation  from  the  sensitive  upon  the  motor  nerves  through  the 
medium  of  the  central  organs  of  the  nervous  systemf  was,  however, 
first  shown  to  be  generally  applicable  in  the  explanation  of-  all 
motions  consequent  on  sensations,  by  the  researches  of  Dr..  Marshall 
Hatl"^  and  myself,  published  in  1833,  in  which  the  theory  was  estab- 
lished by  new  facts  to  be  the  true  mode  of  explaining  a  great 
onmber  of  known  but  ill-understood  phenomena.t 

A  later  work  {Memoirs  on  the  Nerv.  Syst,  Lond.  1837,)  by  Dr. 
Hall  contains  the  continuation  of  his  researches.  The  facts  observed 
by  Dr.  Hall  and  myself  are  very  similar,  but  we  differ  much  in  our 
mode  of  explaining  them.  I  have  brought  forward  arguments  in 
fiivour  of  the  old  opinion  of  the  reflection  of  impressions  from  sensi- 
tive  nerves  upon  motor  nerves  through  the  intervention  of  the  central 
organs.  Dr.  Marshall  Hall,  on»the  contrary,  iti  his  la^t  work,  intro- 
duces an  entirely  new  principle  into  the  explanation,  which  is  thereby 
rendered  quite  distinct  from  that  which  I  adopt.  Volkmann  has  added 
several  important  facts  confirmatory  of  the  doctrine  of  reflex  action. 
The  following  is  my  view  of  the  subject,  as  given  in  the  former 
edition  of  this  work,  together  with  a  sketch  of  Dr.  Hall's  investiga- 
tions, and  a  comparison  of  the  difierent  views  offered  to  explain  this 
phenomena: — 

When  impreasians^  made  by  the  action  of  external  itimuli  on  $ensitive 
nerveif  give  rise  to  motions  in  other  parte ^  these  are  never  the  restdt  of  the 

*  The  paper  of  Dr.  Hall,  which  is  here  referred  to,  appeared  in  the  second  pari 
of  the  Philos.  Transactiona  for  1833.  I  first  stated  my  views  in  the  first,  edition 
of  the  first  part  of  this  work,  which  appeared  in  the  sprin^r  of  that  year,  in  the 
chapter  on  the  Respiratory  Movements,  and  more  fully  in  the  second  part  of  the 
work  in  the  following  year,  1634,  after  Dr.  Hairs  paper  had  appeared.  A  paper 
bj  Dr,  Hall  had,  however,  been  read  at  the  Zoological  Society  on  this  snbject  in 
18S8;  he  has,  therefore,  the  priority.  Dr.  Hall  published  an  account  of  my 
views,  and  a  comparison  of  them  with  his  own,  in  the  Lond.  and  Edinb.  Mag. 
vol.  X.  No.  68. 

f  Here  Professor  Mailer  is  certainly  in  error.  Earlier  physiologists  have  taken 
an  extended  view  of  the  sympathetic  or  reflected  motions;  they  have  reenj|rnised 
the  principle  of  their  dependence  on  an  impression  conveyed  to  the  brain  and 
spinal  cord,  have  distinguished  them  from  the  motions  dependent  on  conscious- 
ness and  volition,  and  have  even  indicated  the  parts  of  the  central  organs  of  the 
nervous  system  which  are  capable  of  reflecting  impressions  communicated  to  them 
by  seneiiive  nerves,  so  as  to  excite  motions.  See  e»perially  Dr.  Henry  Ridley 
(Anatomy  of  the  Brain,  cap.  xviii.  p.  162,  et  seq.).  Dr.  Whytt  (On  the  vital  and 
other  Involuntary  Motions  of  Animals.  Edinb.  1751.  Works,  p.  153,  16i),  506« 
and  511).  Cullen  (Works,  vol.  i.  p.  109,  et  seq.),  and  Prochaska  (AnnotaU 
Academics,  1784.  Opera  Minora,  1800.  Lehrsatze  aus  der  Physiologic.  Wien. 
1797.)..7Vafi«/ator. 
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Mreei  nation  of  the  imiitive  and  motor  fibres  of  the  nerves  on  each  others 
tike  irritation  is  conve^d  by  the  sensitive  fibres  to  the  brmn  and  spinal, 
cord,  and  is  by  them  communieated  to  the  motor  fibres.^^This  law, 
which  is  of  extreme  imporcanoe  in  physiology  and  pathology,  from 
Its  explaining  a  great  number  of  phenomena,  requires  to  be  strictly 
proved,  and  this  can  be  done  by  experiment. 

I  will,  in  the  first  place,  demonstrate  that,  after  the  union  of  the 
two  roots  of  a  nerve,  the  sensitive  and  motor  fibres  themselves  do  not 
Qnite,  but  are  continued  quite  distinct  from  each  other  to  the  parts 
which  they  respectively  supply;  and  hence,  that  in  the  cases  also 
where  nervous  sympathy  is  not  in  play,  the  sensitive  and  motor 
fibres  in  the  nerve  itself  have  no  reciprocal  action  on  each  other. 
This  may  be  easily  proved  in  the  following  manner: — Having 
divided  a  mixed  (motor  and  sensitive)  nerve,  irritate  the  portion  of  it 
which  is  connected  with  the  brain  or  spinal  cord;  violent  pain  will 
be  produced,  which  the  animal  may  express  by  movements  of  flight, 
by  cries,  &c. ;  but  the  motor  fibres  of  the  branches  coming  off  from 
the  irritated. portion  of  the  nerve  are  not  excited  to  action,  no  con* 
tractions  of  the  muscles  to  which  they  are  distributed  take  place. 

1.  In  many  animals,  by  the  mere  division  and  contusion  of  the 
spinal  cord.  Thus,  every  touch  excites  general  spasms  in  the  tor- 
toise after  its  decapitation;  the  same  phenomenon  is  produced  in  very 
young  birds,  i(  they  are  touched  the  very  moment  after  they  are  de- 
capitated, and,  as  we  have  shown,  in  all  parts  of  the  trunk  of  the 
land  salamander  after  it  had  been  cut  into  many  segments. 

8.  The  same  degree  of  irritation  of  the  spinal  cord  exists  in  frogs 
during  the  first  stage  of  poisoning  by  narcotics;  and  also  in  Mam* 
malia,  in  which,  after  poisoning  by  nux  vomica,  general  spasms  are 
immediately  prodnced,  when  they  are  laid  hold  of  at  any  part  or  in 
any  manner.  This  state  of  excitable  exhaustion  (reizbare  Schwiche) 
almost  always  precedes  the  stage  of  paralytic  exhaustion. 

3.  Other  causes,  &!so,  which  produce  exhaustion  of  the  brain  and 
spinal  marrow,  by  excessively  exciting  them,  give  rise  to  the  same 
phenomenon.  In  persons  in  whom  the  nervous  system  is  in  that 
state  of  exhaustion  which  is  accompanied  with  great  excitability, 
every  sudden  impression  on  the  nerves,  whether  by  sound,  touch,  or 
mechanical  shock,  causes  the  whole  frame  to  start.  Such  a  state  of 
the  spinal  cord  is  produced  by  excitement  of  the  generative  organs, 
and  through  them  of  the  spinal  cord,  and  by  other  causes.  We  may 
here  remark,  that  any  excitement  of  the  nervous  system  may  induce 
three  states  in  succession:  First,  the  state  of  excitement  with  the 
powers  unimpaired;  secondly,  in  proportion  as  the  excitation  is  re- 
peated, a  state  of  exhaustion  with  excitability;  and  thirdly,  atonic 
exhaustion. 

4.  Severe  local  irritation  of  the  sensitive  nerve  may,  by  the  in- 
tensity of  the  impression  conveyed  to  the  brain  and  spinal  marrow, 
give  rise  to  twitchings  of  the  muscles  and  tremours,  as  we  observe 
to  be  produced  by  severe  local  burns,  extraction  of  a  tooth,  &c. 

5.  Local  irritation  of  the  nerves,  from  inflammation  or  ganglionic 
enlargements,  also  frequently  gives  rise  to  general  spasms,  even  to 
epilepsy. 
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6.  The  irritation  of  the  spinal  cord,  ariaing  from  local  ezcitement 
communicated  bjr  sensitive  fibres,  may  be  so  intense  that  the  spasms 
are  constant,  and  continue  without  any  new  stimulus,  sudi  as  the 
contact  of  a  substance  with  the  snrface.  Such  is  tetanus  traumaticu% 
k  violent  irritation  of  the  spinal  cord,  arising  from  severe  injuries  of 
the  nerves.  Every  intense  irritation  of  the  spinal  marrow  generally 
is  tetanus,  whether  it  be  caused  by  narcotic  poisons  acting  directly 
upon  it,  or  by  local  irritations  conveyed  to  it  through  the  nerves. 
Tlie  production  of  tetanus  is  intelligible,  if  the  above  facts  established 
by  experiment  are  taken  into  consideration. 

.  7.  Great  irritation  of  the  sympathetic  nerves  in  the  intestinal  canal 
likewise,  being  propagated  to  the  central  organs  of  the  nervous  sya* 
tem,  gives  rise  to  secondary  general  cramps:  it  is  thus  that  we  most 
explain  the  cramps  which  attend  sporadic  cholera,  and  the  intestinal 
affections  of  childron. 

The  facts  thus  far  considered,  merely  lead  us  to  admits  as  a  law, 
that,  whetiever  general  spasms  aro  excited  by  local  impressions,  the 
phenomenon  depends  on  no  other  communication  between  the  sensi- 
tive and  motor  fibres  than  what  exists  in  the  spinal  cord.  In  very 
many  cases,  however,  local  irritation  of  the  perves  gives  rise,  not  to 
general,  but  to  local  muscular  spasms;  in  which  case,  again,  the 

Sinai  cord  is  to  be  regarded  as  the  bond  of  communication  between 
s  sensitive  and  motor  fibres.    The  cases  of  this  kind  are  the  fol* 
lowing: — 

1.  The  most  simple  is  that  in  which  the  local  irritation  of  the  sen- 
sitive fibres  being  propagated  to  the  spinal  cord  or  brain,  excites 
merely  local  spasms, — spasms,  namely, -of  those  muscles,  the  motor 
fibres  of  which  arise  from  the  same  part  of  the  spinal  cord  as  the 
sensitive  fibres  that  are  irritated.  Of  such  a  case  we  have  instances 
in  the  spasms  and  tremours  of  limbs  on  which  a  severe  bum  »  in* 
flicted,  &C.  Certain  parts  of  the  frame  which  are  exceedingly  ex- 
citable,— ^for  example,  the  iris, — aro  very  readily  made  to  contract, 
even  when  only  feeble  stimuli  affect  other  sensitive  nerves.  It  has 
been  long  known  that  the  action  of  light  on  the  iris  itself  does  not 
excite  its  contraction,  that  the  light  effects  the  iris  through  the 
medium  of  the  optic  nerve  and  brain;  for  this  was  proved  by  the  ex* 
periments  of  Liambert,  Fontana,  and  Caldani.  Rays  of  light,  passed 
through  a  small  cone  of  paper,  or  through  a  hole  in  a  sheet  of  paper, 
and  directed  so  as  to  fall  through  the  pupil  upon  the  rotina,  excite 
immediate  contraction  of  the  iris,  but  have  no  such  influence  when 
made  to  fall  upon  the  iris  itself.  The  iris  of  an  amaurotic  eye,  again, 
is  fixed  as  long  as  the  sound  eye  is  closed,  but  contracts  when  the 
•oond  retina  is  exposed  to  the  stimulus  of  light.  The  exceptions  to 
this  rule,  in  yrhich  the  iris  of  amaurotic  eyes  has  possessed  mobility, 
(see  Tiedemann*s  2ieitschr\ft^  i.  p.  252,)  may  have  beeu  cases  of 
imperfect  amaurosis;  or,  if  only  one  eye  was  amaurotic,  the  motion 
of  the  iris  in  the  diseased  eye  might  have  arisien  from  the  other  eye 
being  open.  Apong  the  most  simple  cases  of  reflected  excitation, 
may  be  instanced  also  the  winking  of  the  eyelids  under  long-continued 
influence  of  light,  or  in  consequence  of  a  loud  Hoise,  or  a  threatening 
mpression  on  vision. 
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.  In  the  case  also  of  the  contractions  of  all  the  perineal  muscles  in 
iixpeliing  the  semen,  which  are  excited  by  irritation  of  the  sensitive 
nerves  of  the  pepis,  the  spinal  cord  is  the  medium  of  commuuicatioa 
between  the  sensorial  impressions  and  the  movements. 

8.  The  second  case  is  that,  where  the  excitement  of  the  sensitive 
nerves  is  entirely  local,  but  the  reflected  influence  from  the  brain 
more  extended.  Of  this  we  have  an  instance  in  the  phenomena  ac* 
companying  coughing;  in  which  not  merely  the  vagi,  but,  to  pro* 
duce  the  contractions  of  the  thoracic  and  abdominal  muscles,  the 
spinal  nerves  also  are  called  into  action.  A  luimber  of  spasmodic 
movements  of  the  organs  of  respiration,  as  sneezing,  hiccough,  vomit- 
ing, &c.  are  produced  in  the  same  manner;  they  all  arise  from  irrita- 
tion of  the  pulmonic  and  intestinal  tracts  of  mucous  membrane,  that 
is  to  say,  from  irritation  of  the  sensitive  nerves  of  these  parts,  which 
is  propagated  to  the  brain,  and  there  excites  to  action  the  source  of 
motor  power  for  the  respiratory  movements  which  is  tlie  medulla 
oblongata.  It  appears  almost  certain  that  the  ordinary  respiratory 
movements  also  are  the  result  of  a  reflex  nervous  action,  (see  the 
aocouHt  of  the  respiratory  movements  in  the  4th  Book.)  We  have 
already  noticed  in  thesection  on  respiration  the  remarkable  circuai- 
stance,  that  the  whole  system  of  respiratory  nerves  can  be  excited  to 
action  by  irritation  of  any  part  of  the  mucous  membranes,  from  the 
mouth  to  the  anus,  from  the  nostrils  to  the  lungs.  The  mode  of  pro- 
duction of  sneezing  we  have  already  explained. 

Any  considerable  irritation  in  the  intestines  or  urinary  organs  has 
a  tendei]cy  to  cause  contraction  of  the  diaphragm  and  abdominal 
muscles,  by  which  a  diminution  of  the  cavity  of  the  abdomen  is 
produced  and  its  contents  expelled  by  the  mouth  when  in  the  sto- 
mach, or  otherwise  by  the  anus,  by  the  urinary  organs,  or  by  the 
generative  organs,  as  in  parturition.  The  expulsion  of  the  foetus  in 
some  cases  after  the  death  of  the  mother,  and  the  fact  that  the  finger 
introduced  into  the  pharynx  of  a  decapitated  animal  is  tightly  seized, 
show  us  the  importance  and  intimate  connection  with  life  of  this 
property  which  the  spinal  cord  enjoys  of  issuing  its  motor  influence 
when  its  sensitive  nerves  are  aflectcd  by  a  local  stimulus.  If  the 
sympathetic  plays  any  part  in  the  production  of  these  phenomena, 
for  instance,  in  voniiiitig,  it  can  do  so  only  by  transmitting  to  the 
central  organs,  like  all  other  sensitive  nerves,  the  impression  made 
upon  its  peripheral  extremities.  And  it  certainly  may  have  this 
action,  for  by  irritating  the  splanchnic  nerve  with  a  needle,  I  have 
been  ajiUe  to  produce  contractions  of  the  abdoi^iinal  muscles  in  rab- 
bits. 

3.  In  the  second  kind  of  cases,  the  reflex  action  affects  a  large 
group  of  nerves— the  respiratory  nerves,  and  jt  is  excited  most  fre- 
quently by  irritation  of  a  mucous  membrane.  ^When  this  irritation, 
however,  is  more  intense,  the  irritation  of  the  spinal  cord  becomes 
extensive,  and  is  reflected  upon  almost  all  the  nerves  of  the  trunk. 
Thus,  in  severe  cases  of  sporadic  cholera  (the  Asiatic  cholera  I  do 
not  refer  to,  on  account  of  the  obscurity  of  its  nature),  cramps  some- 
times aflect  even  the  trunk. 
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4.  In  the  reflected  motions  produced  by  violent  impressions  on  the 
sensitive  nerves  of  the  skin,  and  not  of  the  mucous  membranes,  the 
respiratory  movements  are  not  syihpathetically  excited,**  but  rather 
spasmodic  contractions  of  the  muscles  supplied  by  the  whole  system 
of  nerves  of  the  trunk,  without  any  spasmodic  movements  of  respi* 
ration.  Of  the  extreme  degree  of  such  an  afiection  we  have  instanced 
in  the  epileptic  convulsions  from  local  affections  of  the  nerves,  and  in 
traumatic  tetanus  from  injury  of  a  nerve. 

Dr.  Marshall  Hall  distinguishes  four  kinds  of  muscular  con- 
traction:— 

1.  The  voluntary,  which  appears  to  be  dependent  on  the  brain. 

5.  The  respiratory,  for  which  the  nervous  influence  is  apparently 
derived  from  the  medulla  oblongata.  With  regard  to  these  move- 
ments Dr.  Hall  has  since  altered  his  opinion.  He  now  classes  them 
with  the  excited  movements  dependent  on  reflex  nervous  action. 

3.  The  involuntary,  dependent  merely  on  the  nerves  and  muscles, 
and  requiring  the  direct  application  of  the  stimulus  to  the  muscles 
provided  with  nerves,  or  to  the  nerves  of  the  muscles. 

And,  4.  The  reflected  muscular  motion,  which  subsists  in'part  after 
the  voluntary  and  respiratory  motions  have  ceased,  and  which  is  at- 
tached to  the  spinal  cord,  ceasing  itself  when  this  is  removed,  and 
leaving  the  mere  muscular  irritability  undiminished. 

All  the  phenomena  agree  in  the  circumstance  of  the  spinal  cord 
being  the  medium  of  communication  between  the  centripetal  ner- 
vous action  produced  by  the  exciting  stimulus,  and  the  subsequent 
motor  action  of  the  nerves;  but  the  dtfierent  **  paths"  of  communi- 
cation in  the  spinal  cord  may  be  more  distinctly  defined.  The  niost 
common  form  of  reflected  motion  is  that  where  violent  impression  on 
sensitive  nerves  excites  muscular  contractions  in  the  same  limb:  this  , 
is  observed  when  the  skin  is  burnt;  and,  in  the  first  stage  of  narcoti-  '^ 
satiOB  of  an  animal,  a  stimulus  applied  to  the  skin  excites  contractions 
most  readily  in  the  irritated  part:  thus,  also,  the  Stimulus  of  the  food 
ill  the  fauces  excites  the  act  of  deglutition;  dust  on  the  conjunctiva, 
closure  of  the  eyelids;  and  the  irritation  of  the  urine  and  faeces,  the 
oontraction  of  the  sphincters.  Hence  we  see  that  irritation  propa- 
gated to  the  spinal  cord  most  readily  aflfects  those  motor  nerves  which 
arise  nearest  to  the  roots  of  the  exciting  sensitive  nerves:  in  other 
words,  that  it  is  most  prone  to  pass  from  the  posterior  roots,  or  the 
individual  fibres  of  these  roots,  to  the  anterior  root  of  the  same  nerve, 
like  electricity,  leaping  by  the  most  direct  course  from  one  pole  to 
the  other.  To  express  it  more  correctly,  and  in  the  language  of  phy- 
siology, we  may  say  that  when  the  motor  influence  of  the  spinal  cord 
is  strongly  excited  by  a  sensitive  nerve,  that  part  only  is  at  first  af- 
fected which  is  nearest  to  the  root  of  that  nerve;  and  that  the 
irritation  of  the  cord,  and  of  the  motor  nerves  arising  from  it,  dimi- 
nishes in  proportion  with  the  distance  from  that  point.  In  the  same 
way,  in  the  brain  the  irritation  is  communicated  from  certain  sen- 

*  A  sodden  application  of  cold  to  the  surface,  however,  is  well  known  to  excite 
a  spasmodic  movement  of  inspiration. 
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sitive  to  certain  motor  nerves.  Thus,  as  we  have  shown,  the  optic 
and  acoustic  nerves,  and  the  sensitive  branches  of  the  fifth  nerve,  are 
prone  to  excite  reflex  actions  of  the  ciliary  branches  of  the  third  pair 
and  of  the  facial  nerve.  In  their  original  formation,  indeed,  somj^ 
provision  must  have  been  made  for  the  reaction  of  the  roots  of  these 
nerves  on  each  other.  Mr.  Mayo^  seems  to  maintain  that  proximity 
of  origin  is  a  general  condition  when  sentient  and  motor  nerves  are 
thus  associated  in  their  functions. 

The  sensitive  and  motor  nerves  which  thus  react  on  each  other 
through  the  medium  of  the  brain  and  spinal  cord,  seem  to  stand  in 
such  a  mutual  relation,  that  a  change  in  the  condition  of  one  produces 
a  change  in  the  other;  just  as  one  scale  of  a  balance  rising  causes 
the  other  to  descend,  or  as  the  sinking  of  a  fluid  in  one  branch  of  a 
bent  tube  makes  it  rise  in  the  other. 

The  form  of  reflex  action  next  in  frequency  to  that  just  described, 
is  the  production  of  spasmodic  contractions  of  the  respiratory  muscles 
from  irritation  of  the  mucous  membranes.  Hence  there  must  pre- 
exist in  the  medulla  oblongata  and  spinal  cord  some  means  of  ready 
communication  between  the  sensitive  nerves  of  the  mucous  mem- 
branes (the  fifth  nerve  in  the  Qostrits;  the  vagus  nerve  in  the  trachea, 
.  lungs,  pharynx,  oesophagus,  and  stomach;  the  sympathetic  nerve  in 
the  intestines  and  uterus;  and  branches  of  the  sacral  plexus  and  the 
sympathetic  nerve  in  the  urinary  bladder  and  rectum,)  on  the  one 
band,  and  the  motor  nerves  of  the  respiratory  muscles  (the  facial, 
accessory,  and  certain  spinal  nerves,)  on  the  other;  while  the  spinal 
nerves  which  go  to  the  extremities  are  excluded  from  this  harmony 
of  action. 
V'  There  are,  however,  certain  states  of  irritation  of  the  spinal  cord 

^nd  brain,  produced  by  the  action  of  narcotic  poisons,  or  other  causes, 
in  which  every  impression  on  a  sensitive  nerve  is  capable  pf  exciting 
the  spinal  marrow  to  a  discharge  of  motor  influence  by  all  the  motor 
nerves,  even  by  those  which  are  least  prone  to  be  afl*ected  by  reflex 
action, — namely,  the  motor  nerves  of  the  extremities.  Volkmana 
has,  indeed,  shown  that  even  dividing  the  spinal  cord  longitudinally 
in  frogs  previously  decapitated  does  not  prevent  the  extension  of  the 
reflex  motions  to  the  muscles  of  both  sides  of  the  body,  so  long  its 
the  two  halves  of  the  spinal  cord  remain  connected  at  any  point. 
This  experiment  has  been  repeated  with  the  same  result  by  Va- 
lentin. {Be  Function.  Nervor.  Cereb.  et  Sympath.  Bern.  1839, 
p.  99.) 

We  have,  lastly,  to  inquire  how  far  true  sensation  is  engaged  in 
the  production  of  the  reflex  motions.  Volkroann  inclines  to  the 
opinion  of  Whytt,  that  the  motions  consequent  on  impressions  are 
the  result  of  an  appropriate  voluntary  reaction  of  the  sensorium  ex- 
xuted  by  sensation.t 

That  this  is  in  many  instances  the  case,  appears  to  me  to  be  indu- 

*  See  his  observations  on  (he  origins  of  the  cerebral  nerves,  at  page  343  of  his 
Oatlines  of  Physiology.     Second  Edition,  1829. 

f  WhyU  did  not,  however,  believe  volition  to  be  engaged  in  the  production  of 
all,  at  least,  of  these  motions.    See  pages  153,  163,  and  511,  of  his  works. 
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bitmbte,  particniariy  with  those  reflet  phenomena'  which  oeenr  in  ati 
unimpaired  state  of  the  brain  and  spinal  cord.  Thus  1  regard,  for 
example,  the  closure  of  the  eyes  under  the  stimulus  of  a  strong  light, 
and  the  action  of  ther  respiratory  muscles  induced  by  irritation  of  the 
Blacous  membranes  of  the  respiratory  organs,  intestinal  canal,  or 
urinary  system.  But  when  we  remember  that,  if  we  divide  the 
trunk  of  a  Salamandra  maculata  into  several  portions,  each  part,  if 
it  contain  a  fragment  of  the  spinal  cord,  will  still  evidence  the  reflen 
motions,,  we  can  scarcely  maihtain  the  applicability  of  this  view  to 
all  cases.  CThe  reflex  phenomena  are  observed  also  to  occur  in  parts  \/  uA 
withdrawn  froni  the  influence  of  the  will,  such  as  the  intestinal 
canal  and  heart./  The  general  spasms,  lastly,  which  are  excited  by 
stimulus  of  a  sensitive  nerve  in  animals  in  a  state  of  narcotisation 
do  not  in  the  slightest  degree  resemble  the  phenomena  of  spontane- 
0ns.  reaction.  The  view  which  I  take  of  the  matter  is  the  following: 
Irritation  of  sensitive  fibres  of  a  spinal  nerve  excites  primarily  a 
centripetal  action  of  the  nervous  principle,  conveying  the  impression 
to- the  spinal  cord;  if  this  centripetal  action  can  then  be  continued  to 
the  sensorium  commune,  a  true  sensation  is  the  result;  but  if,  on  l^ 
account  of  division  of  the  spinal  cord,  it  cannot  be  communicated  to 
the  sensorium,  it  still  exerts  its  whole  influence  upon  the  Spinal  cord.  # 
In  both  cases,  a  reflex  motor  action  may  be  the  result.  In  the  former 
case,  the  centripetal  action  excites,  at  the  same  time,  sensation;  in 
the  latter  case  it  does  not,  but  is  still  adequate  to  the  production  of 
nflex  motion,  or  centrifugal  reflection.*  /    / 

Dr.  Hall's  theory  diflers  from  that  of  Whytt,as  well  as  from  my  ^  ' 
own,  and  is  peculiar.  In  the  first  place/he  limits  the  phenomena  of 
reflex  action  to  the  spinal  nerves,  and  denies  to  the  cerebral  nerve»  '  " 
oi  special  sense  the  power  of  exciting  them)  He  supposes  the  reflex 
motor  actions  to  be  in  no  case  excited  by  sensation,  nor  even  by 
means  of  the  sensitive  nervous  fibres.  He  maintains  the  existence 
of  special  nerves,  or  nervous  fibres,  endowed  with  the  <«excito- 

motory'^  function;  and  the  reflex  action  he  supposes  to  be  con veyed^ 

• 

*  Irrefragable  proof  that  the  reflex  movements  are  Independent  of  sensation  is 
afbrded  by  certain  phenomena  of  disease.  In  cases  of  paraplegia  dependent  <m 
lesion  of  the  dorsal  or  cervical  portion  of  the  spinal  cord,  its  lumbar  portion  re- 
mtining'  healthy,  slight  irritation  of  the  surface  of  the  lower  extremities,  as  by 
tickliog  the  sole  of  the  foot,  the  passage  of  a  catheter,  or  the  evacuation  of  this 
f«ces,  wiir  produce  convulsive  movements  of  the  feet  and  legs,  even  though  they 
be  perfectly  devoid  of  voluntary  power  and  sensation.  The  first  cases  of  this 
kind  adduced  in  illustration  of  the  theory  of  reflex  moyements  were  observed  by 
Mr*  Barlow,  Dr.  Budd,  and  Mr.  Barron  fsee  Dr.  HalPs  Memoirs,  p.  63;  and  Mr. 
6rainger*s  Observations  on  the  Spinal  Cord,  p.  93).    They  ate  now  familiar  to 

fiithoIogists.  (See  an  interesting  paper  by  Dr.  W.  Budd,  in  the  SSod  vol.  of  the 
ed.*Cnir.  Transactions.)  In  cases  of  hemiplegia  the  same  phenomena  occcur; 
an  instance  of  which,  ob<ierved  by  the  translator,  was  related  in  the  last  edition  of 
Ikls  woric,  p.  731.  Dr.  Reid  remarks  that  the  sensations  which  attend  some  of 
the  reflex  motions  have  been  added  for  an  alterior  object — that  it  is  necessary  both 
lor  our  comfort  and  well-being,  that  these  movements  (such  as  those  by  which  the 
eontents  of  the  bladder  and  rectum  are  expelled)  should  be  influenced  by  volition, 
and  that  this,  of  course,  could  only  be  accomplished  by  associating  sensation  with 
the  exeiiatioa  of  the  ImpreeeioD.— TVonsJls/or. 
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not  by  the  nerves  of  spontaneous  motionybutbjr  special  fibres, 
he  call^  ^  reflecto-motory." 

(a)  The  chief  facts  connected  with  the  present  doctrine  of  reflex 
movements  may  be  summed  up  in  a  few^  sentences.  It  was  well 
known  that  independently  of  volition,  a  number  of  muscular  move- 
ments  ensued  on  the  excitement  of  a  sensitive  surface;,  as  in  the 
familiar  example  of  a  person  who  is  asleep,  turning  himself  away 
from  the  light  of  a  window,  or  throwing  up  his  hands  to  his  face  to 
remove  anything  tickling  his  nose  or  eyelids,  but  without  in  either 
case  awaking.  Observations  on  anencephalous  infants  and  experi- 
ments on  animals  by  ablation  of  the  cerebrum,  leaving  only  the 
nerves  at  the  basis  of  the  brain  and  the  medulla  oblongata  un- 
touched, also,  proved  thatC^^  circle  could  be  established  without 
the  intervention  of  the  scnsorium  at  ally  as  in  the  movements  of 
the  eyelid,  consequent  upon  the  expostfre  of  the  eye  to  light,  or 
efforts  at  mastication  and  deglutition,  when  food  is  introduced  into 
the  mouth.  To  the  same  purport  are  convulsive  movements,  which 
ensue  in  decapitated  cold-blooded  animals,  when  any  part  of  their 
skin  is  pinched  or  even  touched.  The  circle  in  the  first  of  this  class 
of  cases  was,  I  should  say,  by  the  sensitive  nerve  to  the  medulla  oblon- 
gata, and  thence  to  the  motor  nerves  of  the  eye,  mouth  and  fauces.  In 
the  second  the  circle  was  obviously  the  sensitive  nerves,  the  medulla 
8pinali8,and  the  motor  nerves  to  the  locomotive  muscles.  Examples 
of  a  nature  analogous  to  the  last  mentioned  class,  are  met  with  in 
the  human  subject  in  hemiplegia,  an  example  of  which  I  have 
myself  witnessed  in  a  little  patient,  in  whom  the  paralysis  was  the 
consequence  of  injury  of  the  dorsal  vertebrae,  who  could  be  made 
often  to  move  his  legs  by  moderate  and  equable  friction  of  the  skin 
of  these  limbs,  exercised  with  the  hand  of  another  person. 

Physiologists  \yere  acquainted  with  these  and  numerous  other 
phenomena  of  a  kindred  nature;  but  it  is  only  within  a  few  years 

Sast  that  they  have  been  embodied  into  a  system  chiefly  by  Dr. 
larshall  Hall,  who  argues,  that  the  movements  just  described  are 
not  only  executed  independently  of  volition,  but  also  of  sensation, 
and  that  both  at  the  basis  of  the  brain  and  the  spinal  marrow,  the 
nerve  which  is  the  conductor  of  the  impression  or  the  exciter  serves 
as  a  stimulus  to  the  nerve  which  is  distributed  to  the  muscle  or  the 
motor,  and  that  the  two  constitute  a  circle  which,  when  in  activity, 
gives  rise  to  reflex  movements  independently  of  the  fibres  of  the 
central  mass  or  cord— cerebrum  or  spinal  marrow — and  the  com- 
mon sensitive  and  motor  nerves  which  are  united  by  its  intervention. 
Of  course  the  most  that  could  be  said  of  this  view,  however  it  might 
be  illustrated  by  physiological  or  pathological- phenomena,  or  sus- 
tained by  plausible  analogies,  was,  that  it  is  a  mere  hypothesis,  the 
phriaseology  of  which  represented  nothing  new,  but  which  if  adopted 
might  save  some  paraphrases.  Much  of  the  discussion  turned  for  a 
while,  and  indeed,  muse  still  turn  on  the  idea  attached  to  the  word 

(a)  The  three  foUowiDg  paragraphs  are  introdaced  by  the  Editor. 
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sensation.^  They  who  believe  that  s6nsition  must  be  followed  by 
perception  or  consciousness^  will  regard  all  movements  consequent 
on  impressions  on  nerves  or  nervous  conductors  of  which  we  are  not 
tonscious  as  automatic,  and  to  be  explained  by  such  an  hypothesis 
as  that  of  Dr.  Hall.  But  if  we  admit  that  the  same  nerve  which  ta 
a  certain  amount  of  stimulus  is  directly  sensitive,  that  is,  forces  the 
brain  to  be  cognisant  of  its  excitement,  may  with  less  stimulation  be 
a  conductor  of  impression  to  a  common  centre— brain  or  spinal 
marrow — without  consciousness,  but  just  exciting  the  latter  enough, 
for  it  to  transmit  the  impression  into  the  motor  nerves,  we  need  not 
any  additional  hypothesis.  • 

I  will  give  a  familiar  example,  derived  frorh  my  own  person,  in 
illustration,  instead  of  the  mere  supposition  which  I  have  just  intro- 
duced. Frequently,  when  reclining  on  an  easy  chair,  I  extend  my 
legs  on  another,  which  is  a  little  too  high,  and  withal,  hard  and 
uneven,  for  perfect  ease.  Now  it  sometimes  happens  that,  before 
falling  into  a  state  approaching  to  sleep  or  a  doze,  my  lower  limbs 
undergo  a  quick  and  involuntary  contraction,  or  jerk  without  any 
prior  positive  sensation  in  them.  It  is  not  the  start  which  some-  ^ 
tinies  precedes  sleep  when  we  are  in  bed  and  imagine  that  We 
are  about  to  fall  from  some  height;  but  it  is  the  consequence  of  direct 
excitement  of  the  sensitive  nerves  of  my  legs,  caused  by  the  uneven 
borders  of  the  chair  transmitted  to  the  spinal  marrow,  which  irra- 
diates its  motility  on  the  nerves  distributed  to  the  muscles  of  these 
parts.  That  the  movements  of  the  legs  proceed  from  impressions  on 
them,  is  plain  by  the  fact  that  when  the  latter  rest  on  a  pillow,  no 
jerks  or  contractions  are  ever  produced.  The  question  now  pre- 
sents itself— is  the  circle  in  this  case,  different  from  the  circle  acted 
on  when  I  voluntarily  withdraw  my  legs  in  consequence  of  a  pin 
pricking  them,  or  the  skin  being  tickled  with  a  feather,  or  any 
other  universally  admitted  sensation?  Is  the  first  to  be  called  excito<* 
motory  action  or  reflex  tnovement,  in  which  sensation  does  not 
participate,  and  the  second  a  movement  following  sensation?  Or, 
although  we  may  choose  to  use  different  phraseology,  are  we  justi- 
fiable in  assuming  two  different  nervous  circles  to  explain  these  u 
phenomena?  Are  there  two  sets  of  afferent  nerves,  one  for  sen- 
sation, or  sensitive,  and  one  for  impression,  without  sensation,  or 
excito-motory?  And  are  there  two  sets  o{  efferent  or  motor  nerves, 
one  for  voluntary  movements,  and  the  other  for  reflex  movements— 
the  former  in  relation  to  and  connection  with  the  sensitive  nerves,  the 
latter  in  relation  to  and  connection  with  the  reflecto-motory?  Dr. 
Hall  would  reply  in  the  aflirmative  to  these  questions. 

The  posterior  roots  of  the  spinal  nerves,  and  nerves  of  the  medulla 
oblongata,  according  to  Dr.  Hall,  contain  sensitive  and  excito-motory 
fibres;  the  anterior  roots,  spontano-motory  and  reflecto-motory  fibres; 
the  vagus,  too,  he  regards,  not  as  a  nerve  formed  chiefly  of  sensitive 
fibres,  but  as  an  excito-motory  nerve;  for, in  an  experiment  perform- 
ed by  himself  and  Mr.  Broughton,  its  division  gave  rise  to  no  pain, 
but  affected  the  movements  of  respiration.    Dr.  Hall  has  recently 

47* 


/ 


§tp  TBS  ftsvx.8c^u>  Monovs 

developed  these  Tiewt  more  full  jr.  (Memoirs  on  the  Nervous  Sy$* 
tern*  London,  1837.)  Volkmann  disputes  their  validity, and,  among 
other  arguments^  states  as  does  Dr.  Reid  {Edinb.  Med.  and  Suf^. 
Jbum.  Tol.  49  and  51,)  also,  that  Dr.  Hall  is  incorrect  in  asserling 
the  vagus  to  be  insnsceptible  of  painful  sensations^ 

The  theory  of  Dr.  Hall,  that  the  nervous  fibres  engaged  in  the 
production  of  the  reflex  or  excited  movements,  are  distinct  from 
those  which  reach  the  centres  of  sensibility  and  volition  in  the  brain* 
was  not,  says  Dr.  Baly,  established  by  the  facts  which .  he  himself 
adduced  in  its  support  It  has,  however,  acquired  a  great  degree  of 
probability  from  the  argupients  more  recently  brought  to  bear  on  tho 
subject  by  Mr.  Grainger  and  Dr.  Carpenter.  .  Mr.  Grainger*  aeeks 
first  to  prove  that  grey  matter  is  the  source  of  all  power  in  the  ner* 
Tous  system^  and  fhat  the  white  Ifires^  are^mereTy  conciuctorB;  in- 
stancing, that  the  nerves  are  rendered  incapable  of  performing  theijr 
functions  by  separation  from  the  central  organs;  that  the  pow€»;  of 
tboaei  centi^l  Qrgan_9  is  alwaya  pjcoportJioniMs.tft  the  quantity 'pTgrey 
Batter  whiqh  4{iey  contain;  that  the  abundance  of  grey  matter,  in 
the  brain,  for  example,  bears  a  direct  relation  to  the  devdopment  of 
the  cerebral  faculties,  and  its. abundance  in  the  spinal  cord,  to  the 
motor  powers  of  the  animal;  and,  lastly,  that  even  in  particular 

Eirtsof  the  corct  where  large  nerves  enter  and.  issue,  a  corresponding 
creased  deposit  of  grey  substance  is  found.  He  next  directs  atten- 
tion to  the  roots  of  the  spinal  nerves,  and  shows  that  while  a  portion 
of  the  fibres  of  each  root  is  derived  from  the  white  fibrous  sobstanco 
of  the  cord,  another  portion  passes  inwards,  and  is  lost  iu  the  grey 
matter,  as  had  been  stated  by  Bellingeri  and  Weber.  The  latter 
fibres  Mr.  Grainger  regards  as  the  true  excito-motory  and  reflecto- 
qiotory  fibres,  the  former  he  supposes  to  be  the  conductors  of  ten* 
ntion  and  volition  ascending  to  or  descending  from  the  brain.  These 
views  he  extends  to  the  cerebral  nerves,  and  states,  that  they  also 
may  be  traced  to  have  origins  both  from  deposits  of  grey  matter 
where  the  impressions  conveyed  by  incident  fibres  are  communicated 
to  reflex  motor  fibres,  and  also  from  the  white  substance  which 
passes  up  to  the  hemispheres  of  the  cerebrum  and  cerebellum. 
Lastly,  Mr.  Grainger  points  out  the  accordance  of  Dr.  Hall's  theory 
with  the  structure  of  the  nervous  system  in  the  lower  animals;  but 
his  views  respecting  the  Invertebrata,  though  essentially  the  same 
as  those  since  developed  by  Dr.  Carpenter,  were  expressed  in  so 
cursory  a  manner  that  they  attracted  little  notice;  and  seemed  not  to 
add  great  weight  to  his  other  arguments.  The  following  are  some 
of  the  most  important  conclusions  deduced  by  Dr.  Carpentert  from 
a  review  of  the  structure  of  the  nervous  system  of  invertebrate  ani* 
mals: — the  actions  performed  by  the  lowest  animals  have  almost 
entirely  the  character  of  reflex  movements,  the  manifestations  of  true 
sensibility  and  volition  which  they  present  being  very  few.    The 

*  ObseryatioDS  on  the  Spinal  Cord.    London,  1837.    Chap.  II.  and  III.  et 
psaaim. 
tinangnral  Diasertation  on  the  Nefvoaa  Systeaa  of  the  InTertcbrata.    £dia» 
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Murliest  form  of  nervous  system  met  with  in  these  Animals  consists 
of  ganglia  with  nerves  which  convey  to  them  the  impressions  mads 
by  external  agents,  and  others  which  conduct  the  reflex  motor  in- 
fluence; the  principal  sets  of  organs  with  which  such  ganglia  are 
connected  being  those  which  minister  to  the  functions  of  the  ingestion 
of  food,  respiration,  and  locomotion.  In  proportion,  however,  as 
the  development  of  organs  of  sense  and  the  character  of  the  move- 
ments prove  the  participation  of  the  faculties  of  true  sensation  and 
vohtion  in  the  acts  of  the  animal,  particularly  in  those  by  which  food 
IB  acquired,  certain  ganglia,  connected  with  the  organs  of  sense,  and, 
like  them,  always  seated  near  the  mouth,  acquire  a  larger  size,  and 
WBL  evident  predominance  over  the  rest.  Yet^  even  where  this  is  the 
case,  as  in  the  higher  Mollusca  and  Articulate,  the  organs  by  which 
the  food  is.  introduced  into  the  stomach,  the  organs  of  respiration 
and  those  of  locomotion,  still  remain  under  the  immediate  influence 
of  special  ganglionic  reflecting  centres,  while  distinct  fibres  descend 
fiom  the  cephalic  ganglia  and  unite  with  nerves  issuing  from  these 
local  nervous  centres,  for  the  purpose  of  conveying  to  the  difierent 
organs  the  influence  of  the  will,  and  of  receivings  the  impressions 
destined  to  produce  sensations. 

•  It  has  been  long  recognised  that  the  epinal  cord  of  the  higher  ani« 
nab  might  be  regarded  as  containing  a  succession  of  independent  / 

Itflecting  centres;  butjhe  reflecting  su^ioni>fJiie  centres  or  segments 
of  Jtl^  <^rd  seemed  explicable  without  admitting  Dr;  Hall's  theory 
of  thft  flTJatence  of  Special  incident  and  reflex  fibres.  Even  when 
Mr.  Grainger  pointed,  out  the  accordance  of  that  theory  with  the 
mode  of  origin  of  the  spinal  nerves^  it  still  appeared  possible  that 
the  fibres  which  entered  the  grey  substance  oTTHe  cord  might, 
tlirough  the  mediuin  of  it,  act  on  each  other,  and  nevertheless  be 
afterwards  continued  upwards  to  the  brain.  Now,  however,  since 
the  existence  of  two  distinct  classes  of  fibres,  those  for  sensation  and 
volition,  and  the  fibres  which  are  engaged  in  the  production  of  the 
Nflex  movements,  seems  to  be  demonstrated  in  the  invertebrate 
classes,  and  Dr.  Hall's  theory,  therefore,  to  be  correct  with  regard 
to  them,  there  appears  to  be  no  reason  for  the  adoption  of  a  difierent 
explanation  of  the  same  phenomena  in  the  Vertebjrata,  where  the 
fuuction  and  intimate  structure  of  the  nervous  system  are  in  all  other 
»ndal  points  the  same.    No  positive  argument  of  any  weight  was 


ever  urged  against  Dr.  Hall's  theory.  An  additional  one  in  its  favour 
may,  perhaps,  t>e  found  in  the  circumstance  of  the  size  of  the  ence- 
phalon  in  many  fishes  being  apparently  inadequate  for  the  reception 
of  all  the  fibres  of  the  various  nerves  of  the  body,  notwithstanding 
that  their  diameter  is  confessedly  diminished  when  they  enter  the 
central  organs. 

.Volkmann  points  out  a  fact  which  we  have  ourselves  oflen  ob- 
served, namely,  the  great  difference  between  the  nerves  themselves, 
and  their  peripheral  terminations,  in  the  power  of  exciting  reflex 
motions.  No  part  equals  the  skin  in  the  property  of  exciting  reflex 
motions;  the  slightest  touch  applied  to  the  surface,  in  animals  in  a 
state  of  narcotization,  is  frequently  sufficient  to  give  rise  to  strong 
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BpaiiDfl,  while  the  reflex  actions  excited  by  irritation  of  the  Aerns 
theomlTes  are  mnch  slighter.* 


CHAPTER  IV. 

OF  THE  PIFVSRBITT  ACTIOH  OV  THX  SBN8ITIVX  AND  MOTOB  KXKTSS. 

ExpBBiEiroB  has  taught  ns  that^  when  a  ner^e  is  irritaled  at  any 
pointy  the  reaction  of  the  nervous  fibres  is  manifested  through  Cbeur 
whole  length;  in  a  motor  nerre  exciting  the  contraction  of  moselae 
with  which  they  are  connected,  and  in  a  sensitive  nerve,  whose  con- 
nection with  the  central  organs  of  the  nervoos  system  is  not  inter- 
ranted,  sensation.  To  explain  this^  it  might  be  supposed  that  tbm 
effect  of  tlie  irritation  is  propagated  equally  in  both  directions,— « 
towards  the  peripheral  extremity,  of  the  nerves,  and  towards  its 
cerebral  extremity:  but  it  is  equally  conceivable  that  the  inritation 
BBay  be  propagated  in  one  direction  only,  namely,— in  the  fibres 
which  excite  motion,  towards  the  nrHisples;.  in  those  which  excite 
sensation,  towards  the  brain.  The  latter  was  the  view  usually 
adopted  before  it  was  known  that  there  were  distinct  motor  and 
sensitive  fibres.  The  question  as  to  which  supposition  is  correct^^ 
still  presents  itself;  and  its  solution  is  of  extreme  importance  in  re- 
ference to  the  physiology  of  the  nerves.  Is  the  nervous  principle 
or  force  of  the  motor  fibres  different  in  its  qttaiity  frq^n  thai  lyT 
the  sensitive  fibres?  or  are  what  are  here  called  the  motor  and 
sensitive  principles^  actions  qfthe  same  nervous  principle^  differing 
only  in  direction^^^being  centrifugal  in  the  motor ^  and  centripetal 
in  the  sensitive  fibres f 

The  fact  that  the  nerves  of  the  different  senses,  when  affected  by 
the  same  stimulus,  become  each  the  seat  of  its  peculiar  sensation,— 
the  mechanical  or  galvanic  stimulus  exciting  in  the  optic  nerve  the 
sensation  of  light,  in  the  auditory  nerve  that  of  sound,  and  in  the 
nerves  of  touch  that  of  pain, — cannot  be  adduced  in  favour  of  either 
hypothesis;  for  it  is  explicable  not  only  on  the  supposition  that  the 
forces  of  the  different  nerves  are  different,  but  also  on  that  of  the 
centripetal  actions  of  the  same  forces  being  transmitted  to  different 
and  differently  endowed  parts  of  the  brain.  It  is  remarkable,  how- 
ever, that  many  stimuli  act  only  on  particular  nerves.  Thus,  light 
affects  only  the  optic  nerves;  and,  as  a  warming  agent,  the  nerves  of 
touch,  but  no  other  nerves;  and  the  olfactory  nerve  would  appear  to 
become  the  seat  of  smell,  under  the  induence  of  no  other  stimuli  than 
odoriferous  substances  and  electricity. 

However  this  may  be,  it  is  certainly  not  satisfactorily  proved  that 
the  sensitive  fibres  are  capable  only  of  centripetal  action,  and  the 
motor  fibres  only  of  centrifugal.    There  is  one  circumstance,  in  par-: 

*  This  fact  wtt  noticed  by  Dr.  Whytt,  and  was  addncod  by  him  as  an  argument 
for  the  dependenoe  of  the  syiD]iathetio  actions  on  pecaliar  sensations. 
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ticular,  which  excites  still  greater  attention  in  reference  to  this  sub- 
ject It  is  the  fact  noticed  at  page  518,  that  for  the  preservation  of 
the  excitability  of  the  motor  nerves  their  communication  with  the 
central  organs  of  the  nervous  system  is  necessary:  this  is  in  appear- 
ance in  favour  of  all  nerves,  including  the  sensitive  nerves,  being 
equally  dependent  on  the  brain  and  spinal  cord;  in  which  case,  how- 
ever, there  would  be  centrifugal  emanations  from  the  latter  organs 
through  the  sensitive  nerves.  Future  experiments  founded  on  well 
GODceived  ideas  or  new  discoveries  must  decide  the  question:  and 
W6  can,  at  present,  only  congratulate  ourselves  that  the  investigation 
of  this  important  probiem,  on  the  decision  of  which  so  many  others 
depend,  has  by  the  observations  above  detailed  been  at  least  intrp- 
daced  into  the  province  of  experimental  physiology. 

If  this  first  question  cannot  be  decided,  still  less  can  it  be  proved 
that  the  centripetal  and  centrifugal  conductors  form  a  continuous 
dicle  in  which  a  constant  current  of  the  nervous  fluid  is  kept  up  from 
the  central  organs  through  the  motor  nerves,  and  from  the  peripheral 
extremities  of  these  through  the  sensitive  nerves  back  to  the  central 
organs.  It  might  be  imagined  that  life  is  constantly  attended  with  a 
GHCulation  of  the  nervous  fluid,  which  would  be  capable  of  being 
reduced  only  to  such  a  low  degree  of  activity  as  would  give  rise,  on 
the  one  hand,  to  the  imperceptible  constant  play  of  the  muscular 
fibres  in  the  state  of  apparent  rest, — the  antagonistic  action  of  the 
different  muscles;  and,  on  the  other,  to  the  indistinct  feeling  by  which 
a  healthy  person  is  made  conscious  of  the  existence  of  the  different 
pans  of  his  body.  This  hypothesis  of  the  circulation  of  the  nervous 
fluid,  or  of  the  propagation  of  its  vibrations  in  a.cirgb  through  the 
(wo  kinds  uf  nervous  conductors,  is,  however,  for  several  reasons 
yory  improbable;  for,  since  many  nerves  are  sensitive  only,  these 
must  jsither  not  be  the  seat  of  a  circulation,  or  we  must  suppose  again 
that  with  their  sensitive  fibres  they  contain  an  equal  number  of  fibres 
^ocoitrifugal  action,  which  do  not  give  rise  to  motions,  only  because 
tbty  do  not  terminate  in  muscles.  If,  indeed,  we  regard  those  motor 
and  sensitive  nerves  which  communicate  by  anastomoses  of  their 
fasciculi,  as  in  the  instance  of  the  facial  and  infra-orbital  nerves,  still 
iep$  can  we  find  in  them  the  means  for  a  circulation  of  the  nervous 
fluid;  for,  in  the  first  place,  these  anastomoses  are  not  real  com- 
munications of  the  primitive  fibres;  and  secondly,  an  irritation 
oxcited  in  the  facial  nerve  is  proved  by  the  experiments  of  Gae- 
decbeos,  not  to  be  communicated  through  these  anastomoses  to  the 
trunk  of  the  infra-prbital  nerve  so  as  to  excite  pain.  All  these  con- 
sideratious- teach  us  that  the  existence  of  a  regular  circulation  of4he 
nervous  fluid  from  the  brain  and  spinal  cord  through  the  nerves 
back  to  the  central  organs,  not  only  cannot  be  demonstrated,  but  in 
the  present  state  of  our  knowledge  appears  very  improbable. 
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CHAPTER  V. 

•■-    '  ■••  ^  ■      ^ 

dV  THS  LAWS  Of  ACTION  09  THE  8TMPATHBTIG  NERVE,  AND  THE 

FROPAGATION  Of  IMPRESSIONS  IN  IT. 

Our  knowledge  of  the  mechanical  laws  according  to  which  the 
sympathetic  nenre  acts,  is  stril  extremely  incomplete:  in  this  depart- 
ment of  physiology  little  more  has  been  done  than  to  propose  certaiA 
hypotheses,  none  of  which  can  be  either  proved  or  decisively  refuted. 
The  only  way  in  which  we  can  arrive  at  accurate  knowledge  on  the 
subject,  is  to  compare  with  the  phenomena  presented  by  the  sympa- 
thetic iierve,  the  facts  which  are  ascertained  with  regard  to  the  action 
of  the  eerebro-spinal  nerves,  and  to  investigate  by  new  observAtions 
how  fop  the  mode  of  action  of  the  symjpa^etic  diflfers  from  that  of 
other  nerves.  We  have  to  inquire,  therefore,  whether  the  fibres  of 
thesympathetic  are,  like  those  of  the  oerebro-spinal  nerves,  insulated 
in  their  action,  or  whether  they  caii  impart  their  influence  to  each 
other;  whether  the  radiation  of  the  motor  influence,  and  the  coinci- 
dence or  confusion  of  different  impressions,  is  not  the  normal  mode 
of  action  in  this  nerve;  whether  the  ganglia  are  multiplicators  of  the 
nervous  influence,  and  as  it  wei^e  small  ic^dependent  nervous  centres 
or  points  of  radiation;  whether  there  is  not  in  these  ganglia  a  reflect 
tion  of  the  nervous  influence  in  certain  directions;  whether  the 
ganglia  are  the  cause  of  the  indistinct  and  vague  character  of  the 
sensations  in  the  sympathetic;  whether  they  are  organs  on  which 
the  radiation  or  confusion  of  sensations  depend,,  or  impcirfect  condtib* 
tors  which  impede  the  transmission  of  impressions  to  the  brain  and 
spinal  cord,  and  6f  the  influence  of  the  will  to  the  parts  supplied  by 
their  branches;  or  whether  they  are  not  rather  the  central  parts  from 
which  the  organic  influence  of  the  sympathetic  nerve  emanates  for 
the  regulation  of  the  organic  chemical  processes;  lastly,  whether  im* 
pressions  are  propagated  from  an  irritated  point  of  this  nerve  in  the 
centripetal  or  the  centrifugal  direction,  or  in  all  directions.  It  is  to 
be  lamented  that^one  of  these  questions  admit  at  present  of  a  deci- 
sive answer^  Of  the  few  facts  that  we  know  with  certainty  respect- 
ing the  action  of  the  sympathetic  nerve,  part  only  have  relation  to 
them;  and  of  the  hypotheses  respecting  the  uses  of  the  ganglia  espe- 
cially, not  one  can  be  definitely  proved  or  refuted. 

The  sources  whence  the  motor  and  sensitive  fibres  of  the  sympa- 
thetic nerve  are  derived  have  recently  been  investigated  by  M.  Va- 
lentin. From  experiments  performed  on  nearly  three  hundred  animals 
immediately  after  death,  and  consisting  in  irritating  different  nerves 
either  by  mere  division,  by  compression,  or  by  chemical  agents,  he 
has  obtained  the  following  results  respecting  the  roots  in  which  the 
motor  fibres  of  different  internal  organs  issue  from  the  spinal  cord 
and  the  nerves  in  which  they  pursue  their  further  course. 
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Organs. 


1.  Heart 


S^  The  pharjnz 
and  superior  purl 
of  the  oBsopbagus. 


3.  Inferior  cer. 
▼ical  part  of  the 
>phsgus. 


Roots  from  which  their  motor 
fibres  arc  derived. 


4*  The  thoracic 
part  of  the  obso- 
pba^s. 

5.  The  stomach. 


6.    The   intcs- 
tinea. 


7.  The  ureter. 

'8.  The  urinary 
bladder. 

9.  The  Vas  de. 

ierens. 

10.  The  uterus 
and    Fallopian 
tabesl 


The  roots  of  the  nervus  ac 
cessorius  and  of  the  first  three 
(or  four)  cervieal  nerves. 


The  roots  of  the  nervos  ac 
cessorius  (of  the  hypoglossal 
nerve?)  and  of  the  two  or 
three  superior  cervical  Aerves. 


The  roots  of  the  nervus  ac 
cessorius  (the  hypoglossal?) 
and  of  the  middle  cervical 
nerves. 

The  roots  of  the  fourth  and 
fiflh  (tliird  or  sixth)  cervical 
nerves. 


The  roots  of  the  fourth, 
fiflh,  sixth,  and  seventh  cervi- 
cal  nerves  (and  in  the  sheep 
of  those  of  the  two  superior 
thoracic  nerves). 

The  roots  of  the  third  cere- 
bral nerve,  of  the  nervus  ac 
oessorius  (in  the  cat),  and  of 
all  the  dorsal  and  lumbar  spi- 
nal nerves. 

The  lumbar  spinal  nerves. 

The  middle  and  inferior 
lumbar  nerves. 


Nerves  in  which  they  are 
distributed. 


The  roots  of  the  middle  and 
lower  lumbar  nerves. 


The  nervus  accessor i us  before  it 
has  joined  the  vagus;  the  cervical 
portion  of  the  vagus,  particularly  at 
its  superior  and  middle  parts.  The 
inferior  cervical  part  of  the  sympa- 
thetic, an(f  the  inferior  cervical  gan- 
glion. The  first  thoracic  ganglion  of 
the  sympathetic,  the  cardiac  nerves, 
and  the  cardiac  plexus. 

The  pharyngeal  branches  of  the 
vagus.  The  pharyngeal  plexus.  The 
communicating  branches  from  the 
hypoglossal  nerve  to  the  pharyngeal 
branch  of  the  vagus  and  to  the 
pharyngeal  plexus;  (the  coramuni* 
eathig  branch  of  the  first  cervical 
nerve  to  the  pharyngeal  plezoa?) 
The  branches  ,froin  the  sutperior 
cervical  ganglion  to  the  pharyngeal 
plexus. 

The  cervical  part  of  the  sympathe- 
tic nerve  (in  the  rabbity  or  it  con* 
joined  with  the  vigUs  (in  the  horse 
and  dog).  The  contiguous  branches 
of  tho  cervical  nerves. 

The  inferior  cervicsl  ganglion  of 
the  sympathetic.  The  first,  second, 
third,  and  Tower  thoracic  ganglion. 
Tho  thoracic  plexus.  (Tho  cervical 
portion  of  the  vagus?)   • 

Tho  cervical  portion  of  the  vagns. 
The  thoracic  and  abdominal  parts  of 
that  nerve.  (The  great  splanchnic 
nerve?) 

The  thoracic  and  abdominal  por- 
tions of  tho  sympathetic.  Thegreater 
and  less  splanchnic  nerves.  The  ooe* 
liac  and  the  superior  and  inferior  me. 
senteric  plexuses. 

The  middle  and  inferior  lumbar 
portions  of  the  sympathetic. 

The  most  inferior  abdominal  and 
the  superior  sacral  portiona  of  Um 
sympathetic 

The  inferior  pair  of  lumbar  gan- 
glia, and  tho  first  sacral  ganglion  of 
the  sympathetic. 

The  inferior  abdominal  portion, 
and  tiie  superior  sacral  portion  of  the 
sympathetic 


With  respect  to  the  sources  of  the  sensitive  fibres  of  the  sympa* 
thetic,  Valentin  was  not  able  to  ascertain  any  very  new  facts.  He 
satisfied  himself,  however,  by  experiment,  that  the  sensitive,  like  the 
motor  fibres,  descend  some  distance  in  the  trunk  of  the  sympathetic 
before  being  distributed  to  the  different  organs.  He  found  that  when 
the  communicating  branch  connecting  one  of  the  lateral  ganglia  with 
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the  corresponding  spinal  nerve  was  divided,  the  ganglion  and  the 
peripheral  branches  which  issued  from  it  were  still  sensible  (paia 
could  be  produced  by  irritating  them),  provided  the  cord  connecting 
the' ganglion  with  the  one  above  was  perfect.  {Valentin.  De  Fune* 
iionibus  Nervorum.    Bern.  1839,  p.  61-71.) 

a.  Of  the  actions  qf  the  eytnpathetic  nerve  in  involuntary  motions. 

I.  M  the  parti  sutfeet  to  the  influence  of  the  sympathetic  nerve  are 
inutpaUe  of  vokuUqry  motion.'^ThB  heart,  the  intestinal  canal,  the 
efferent  ducts  of  glands,  the  uterus,  and  the  vesicnise  seminales, 
afford  proofs  of  this  statement  It  appears,  indeed,  on  the  first 
view,  that  a  cerebro-spinal  nerve,  when  it  has  numerous  communi- 
cations with  the  sympathetic,  loses  its  voluntary  power;  as  an 
instance  of  this,  the  lower  part  of  the  vagus  might  be  adduced. 
The  motions  of  the  oesophagus  are  involuntary,  although  those  of 
the  pharynx  are  subject  to  the  will.  It  is  doubtful,  however, 
whether  the  motor  nerves  of  the  (esophagus  be  derived  from  the 
vagus  itself.    The  urinary  bladder  receives  nerves  of  two  kinds,— 

«  branches  from  the  sacral  plexus,  and  others  from  the  hypogastric 
plexus  of  the  sympathetic.  This  agrees  with  its  observed  functions. 
The  influence  of  the  will  over  the  bladder  is  very  slight 

On  the  other  hand,  all  muscles  which  receive  nerves  from  t^ 
oerebro*spinal  system  only  are  capable  of  voluntary  motion.  The 
small  muscles  of  the  ear,,  in  some  individuals  at  least,  as  in  myself, 
can  be  moved  voluntarily.  The  cremaster,  a  prolongation  of  the 
obliquus  internus  and  transversus  abdominis  muscles,  can  likewise 
lie  n]|ade  to  act  voluntarily  in  some  persons,  although  very  many 
persons  have  no  power  over  it. 

The  supposition  that  the  admixture  of  fibres  of  the  sympathetic 
may  remove  cerebro-spinal  nerves  from  the  influence  of  the  will, 
seems  opposed  to  one  of  the  fundamental  principles  of  physiology, 
that  of  .the  insulated  course  and  action  of  the  nervous  fibres  in  the 
peripheral  part  of  the  nervous  system.  The  more  probable  cause  of 
the  involuntary  action  of  parts  supplied  by  cerebro-spinal  nerves  (as 
the  vagus),  is,  that(the  motor  fibres  of  such  nerves  do  not  reach  the 
centre  of  volition  in  the  braiiK  but  are  excited  to  action  by  a  reflex 
influence  in  the  spinal  cord^  The  movements  of  the  pharynx,  as 
well  as  those  of  the  cesophagus,  are  involuntary  and  reflex  in  their 
nature. 

II.  The  parti  which  are  supplied  with  motor  power  bv  the  sympathetic 
nerve  stiU  continue  to  move^  though  more  feebly  than  before^  when  they 
are  separated  from  their  natural  connections  unth  the  rest  of  the  sympa- 
thetic system^  and  wholly  removed  from  the  body. — Thus  the  heart, 
after  it  is  taken  from  the  body,  continues  to  beat  for  a  considerable 
time,— in  reptiles  and  Amphibia  for  hours;  and  the  peristaltic  motions 
of  the  intestines  continue  under  the  same  circumstances.  The  sepa- 
rated oviduct  of  a  turtle  has  been  seen  to  contract  and  expel  its 
contents. 

III.  Hence  all  the  parts  endowed  with  mo/ion,  and  supplied  with  nerves 
from  the  sympathetic^  are^  in  a  certain  degree^  independwU  of  the  brain 
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&nd  spinal  cor  J.— The  extent  to  which  this  is  the  case  has  been  ijavesti- 
gated  at  page  302.  We  may  mention  here  as  a  principal  result, 
that  not  merely  the  heart  continues  to  beat  feebly  for  a  long  period 
after  the  destruction  of  the  brain  and  spinal  cord,  but  that  there  are 
well  confirmed  accounts  of  embryos  in  which  the  brain  as  well  as 
the  spinal  cord  have  been  slowly  destroyed  by  disease  during  the  life 
of  the  foetus.* 

IV.  Tlie  central  organs  of  the  nervous  system  con,  however y  exert  an 
aeiive  influence  on  the  sympathetic  nerves  and  their  motor  power.^^li 
results  from  the  experiments  of  Dr.  Wilson  Philip  and  others,  de- 
tailed at  page  205,  that  the  motions  of  the  parts  supplied  with 
nervous  influence  by  the  sympathetic,  do  not  immediately  cease  oa 
the  sudden  destruction  of  the  brain  and  spinal  cord;  but  that,  never- 
theless/lbe  character  and  rapidity  of  the  heart's  beat  may  be  in-  ^ 
fluenced  by  inflicting  injury  or  irritation  on  the  brain  and  spinal  ^ 
cord  previously  in  an  unimpaired  statepthus,  Dr.  Philip  states,  that, 

by  dropping  alcohol  and  infusion  of  tdoacco  upon  the  brain  of  ani- 
mals, he  has  caused  acceleration  of  the  motion  of  the  heart.  The 
influence  of  the  passions  is  much  more  evident. 

V.  The  experiments  of  Dr.  Philip  tend  to  show^  atsOy  that  distmet 
parts  of  the  sympathetic^  and  the  movements  dependent  on  them  {those  of 
the  hearty  for  example)^  do  not  derive  their  nervous  influence  exdusivdif 
from  distinct  regions  of  the  brain  and  spinal  cord;  buty  on  the  contrary^ 
that  the  brain  and  the  whole  spinal  cord,  or  every  part  of  t7,  can  exert  on 
ifjfiuence  on  the  motions  of  the  Aearf.*-Valentin  {De  Function.  Nervor. 
p.  66,)  has  collected  the  observations  of  various  authors  on  the  in- 
fluence of  the  central  organs  of  the  nervous  system  on  the  move- 
ments of  the  different  internal  viscera,  and  from  a  comparison  of 
them  with  his  own  experiments  on  the  origin  and  course  of  the 
motor  fibres  of  those  viscera,  has  deduced  the  conclusion,  that  the 
cerebellum,  medulla  oblongata,  and  cervical  portion  of  the  medulla 
spinalis,  have  a  special  relation  to  the  motions  of  the  heart,  and  also 
to  those  of  the  pharynx,  stomach  and  oesophagus;  that  the  middle 
and  inferior  dorsal,  and  the  lumbar  portions  of  the  cord,  have  the 
same  relation  to  the  motions  of  the  large  intestines;  and  the  lumbar 
part  of  the  cord  to  those  of  the  bladder.  A  German  physician.  Dr. 
budge,  has  recently  (in  Mailer's  Jfrchiv.  for  1899,  p.  389,)  asserted 
that  the  centre  of  motor  influence  for  the  intestinal  canal  lies  in  the 
corpora  quadrigemina  and  corpora  striata.  By  irritating  those  parts 
of  the  brain  in  a  dog,  he  was  able  to  give  rise  to  increased  activity  of 
the  peristaltic  movements. 

Having  divided  the  splanchnic  nerve  in  a  rabbit,  I  laid  the  end  of 
the  distal  portion  on  an  insulating  plate  of  glass,  and  galvanised  it  by 
means  of  a  battery  of  sixty-five  pairs  of  plates.  Increased  peristaltic 
movements  of  the  intestines  ensued,  whence  it  might  be  inferred  that 
this  nerve  exerts  an  influence  on  the  whole  intestinal  canal,  and  not 
on  one  distinct  portion  of  it.  The  result  was  the  same  from  the  ap-* 
plication  of  caustic  potash  to  the  cceliac  ganglion  in  a  rabbit,  in  which 

*  See  page  204;  and  Eschricht,  uber  Gesichts-Terdoppelang  mit  Mangel  ron 
Oebim  and  Ruckenmark.    Muller's  Areiuv.  1834,  p.  268. 
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the  intestines  were  laid  bare,  and  in  which  the  increased  peristaltic 
xn(tvements  excited  by  the  first  exposure  to  the  air  had  again  sub- 
sided and  become  very  feeble;  the  movements  were,  on  the  applica- 
tion of  the  potashy  immediately  rendered  very  lively. 

VI.  Tht  movemenia  excited  in  organs  which  are  under  the  influence  of 
the  sympathetic  nerve^  by  irritation  applied  to  them  or  to  their  nervcM^  are 
not  transitory  and  momentary  contractions;  they  are  either  enduring  con^ 
tractions  f  or  they  consist  of  a  long-continued  modification  of  the  ordinary 
rhythmic  action  of  the  organ:  hmce,  in  these  organs^  the  reaction  const' 
quent  on  the  irritation  is  decidedly  of  longer  duration  than  the  action  of 
the  stimulus. — The  motion  of  the  nervous  principle  in  the  sympa- 
thetic nerve  then  is  slow,  and  itsjTjate  capable  of  being  measured. 
The  abdomen  of  an  animal  being  laid  open.  If  the  intestine  be  irri- 
tated at  any  point  either  by  a  chemical  or  mechanical  stimulus,  or  by 
galvanism,  contraction  of  the  intestine  ensues  very  gradually,  and 
frequently  attains  its  greatest  degree  when  the  exciting  cause  has 
long  ceased  to  act  The  same  takes  place  in  the  heart  in  a  diflferent 
manner:  instead  of  a  persistent,  not  periodic  contraction,  the  momen- 
tary application  of  a  stimulus  to  the  heart  excites  a  continued  series 
of  periodic  beats. 

VII.  Tlie  immediate  cause  of  the  involuntary  motions^  and  the  cause  iff 
their  type^  lies  neither  in  the  brain  nor  in  the  spinal  cordj  but  in  the  symr 
pathetic  nerve  itself;  even  the  influence  of  the  ganglia  is  not  necessary  $ 
the  branches  of  the  sympathetic  going  to  an  organ  may  be  entirely  re* 
moved f  the  twigs  distributed  to  tlu  substance  of  the  organ  only  being  left^ 
and  the  motions  unit  be  maintained  as  before^  the  reciprocal  action  between 
the  muscular  fibres  and  these  ultimate  nervous  twi^s  being  apparently 
adequate  to  their  production. — It  is  a  well-known  fact,  that  the  heart 
removed  from  the  body  of  an  animal,  and  emptied  of  blood,  continues 
to  contract  rhythmically  in  the  frog  for  several  hours;  which  alone 
proves  that  the  cause  of  the  rhythm  of  its  contractions  cannot  be  the 
alternate  influx  and  expulsion  of  the  blood,  but  must  reside  in  the 
organ  itself. 

VIII.  Although  from  the  foregoing  observations  it  is  certain  that  the 
extreme  minute  branches  of  the  sympathetic  have  still  the  power  of  regU' 
latin g  the  movements  of  the  parts  not  subject  to  the  wilU  y^t  it  is  not  less 
true  that  both  the  brain  and  spinal  cord,  and  the  ganglia  themselves,  when 
in  a  state  of  irritation,  exert  an  influence  on  these  movements  as  long  as 
the  contractile  organs  are  connected  with  them  through  the  medium  of  the 
nerves.  7%€  brain  and  spinal  cord  are,  however,  also  to  be  regarded  as 
the  source  of  the  power  of  the  sympathetic  itself,  which  wotdd  unthout 
them  become  exhausted. — We  know  that  every  passion  of  the  mind 
aflects  the  heart's  action,  and  the  motions  of  the  intestines  are  modi- 
fied by  irritation  of  the  spinal  cord.  In  paralytic  affections  of  the 
spinal  cord,  again,  the  movements  of  the  intestines  become  sluggish. 
Irritation  of  the  ganglia  themselves  likewise  affects  all  the  nerves 
which  issue  from  them  to  be  distributed  to  parts  endowed  with  in- 
voluntary motion. 

IX.  //  results  from  the  facts  already  stated  that  the  sympathetic  nerve 
is  charged  as  it  were  with  nervous  power  by  the  brain  and  spinal  cord, 
which  may  be  regarded  as  the  sources  of  nervous  ii^uence;  but  that^ 
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when  once  ehargtdj  it  continues  to  emit  this  influence  in  the  manner  peeur 
Har  to  iiselfj  enen  when  the  further  supply  is  for  a  time  diminished.  This 
qffords  an  explanation  of  a  part  o/*  the  phenomena  of  sleep. 

X.  The  influence  of  narcotics  locally  applied  to  the  sympathetic^  nerve 
does  not  extend  to  the  distant  organs  which  the  nerve  supplies;  but  these 
organs  may  be  paralysed  by  the  direct  narcotisation  of  the  minute  nervous 
fibrils  which  arc  distributed  in  them. — In  this  respect  the  sympathetic 
resembles  the  cerebro-spinal  nerves,  which  are  deprived  of  their  ex- 
citability by  a  narcotic  substance  only  in  the  part  where  it  has  actu- 
ally touched  them.  But  with  reference  to  the  action  of  narcotics  on 
the  organs  under  the  influence  of  the  sympathetic,  there  is  observed 
in  the  case  of  the  heart  a  remarkable,  and  at  present  inexplicable 
difierence  between  the  external  and  internal  surface  of  the  organ.  If 
a  narcotic,  such  as  pure  opium,  or  extract  of  nux  vomica,  is  applied 
to  the  external  surface  of  the  heart,  it  produces  little  or  uq  effect,  or, 
at  all  events,  a  very  slow  one;  the  rhythmic  motions  of  the  heart  of 
the  frog,  removed  from  tiie  body  and  thus  treated,  continue  fo;r  a 
very  long  time;  but  if  a  small  quantity  of  opium  or  extract  of  nux 
vomica  be  brought  into  contact  with  the  inner  wall  of  the  ventricle, 
its  movements  are  permanently  arrested,  frequently  in  a  few  seconds 
after  the  application  of  the  poison.  Of  this  fact,  first  observed  by  Dr. 
Henry,  {Edinb,  Med.  and  Surg.  Journ.  1832,)  I  have  satisfied  my- 
self by  repeated  experime|ita  on  frogs.  It  is  another  proof  that  the 
motor  power  of  the  muscles  is  dependent  on  a  reciprocal  action 
between  them  and  the  nerves,  and  not  a  property  of  the  muscniar 
substance  alone. 

XI.  Tlie  laws  of  reflection  stated  in  the  third  chapter  of  this  section  pre- 
vail  likeunse  in  the  actions  of  the  sympathetic  nerve;  strong  impressions 
on  parts  supplied  by  the  sympathetic  nerve  may  be  propagated  to  the 
spinal  cord,  and  give  rise  to  motions  of  parts  which  derive  their  nerves 

from  the  cer^ro-spinal  system, 

XII.  Impressions  on  parts  of  which  the  nerves  are  derived  from  the 
sympathetic  are  communicated  to  the  spinal  cord  and  brain,  and  excite  the 
motor  influence  of  the  sympathetic  nerve  by  reflection,  although  the  reflex 
action  is  here  less  marked  than  in  the  case  of  the  cerebrospinal  nerves. — 
We  have  an  instance  of  this  in  the  frequent  necessity  to  pass  the 
urine,  or,  in  other  words,  the  more  active  contractions  of  the  bladder 
when  the  urine  is  of  an  irritating  quality;  for  in  this  case  the  irritant 
does  not  act  immediately  on  the  muscular  coat  of  the  bladder,  but 
upon  the  sensitive  nerves  of  the  mucous  membrane. 

.  XIII.  Reflected  action  of  the  sympathetic,  from  an  impression  commu- 
nicated to  the  spiiud  cord  by  cerebrospinal  nerves,  is  a  more  frequent 
occurrence. — As  instances  of  this  we  may  mention  the  effects  on  the 
heart's  action  of  strong  pleasurable  or  painful  sensations  of  the  skin; 
the  movement  of  the  iris  from  impressions  on  the  optic,  auditory,  and 
fifth  nerves;  and  the  contraction  of  the  seminal  vesicles  from  irritation 
of  the  sensitive  nerves  of  the  penis. 

XIV.  Can  re/lex  phenomena  be  produced  in  the  sympathetic  nerve 
through  the  influence  of  the  ganglia,  and  independently  of  the  brain  and 
spincScord? — This  interesting  question  cannot  at  present  be  decided. 

XV.  We  are  at  present  entirely  ignorant^  as  to  whether  irritation  in 
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one  organ  eon,  through  the  medium  of  the  eympathetic  norve^  give  rite 
4o  movemente  in  another^  since  all  the  sympathetic  phenomena  of  this 
kind  can  be  explained  on  the  principle  of  reflection  from  the  brain 
and  spinal  cord. 

XVI.  It  is  not  proved f  {and  several  facte  have  been  observed  which  are 
opposed  to  the  belief)  that  the  ganglia  can  exert  an  insulating  action  so 
as  to  impede  the  transmission  of  motor  influence  from  the  brain  and 
spinal  cord.'-^h  is  not  voluntary  influence,  but  motor  influence  gene- 
rally, which  is  here  referred  to.  Every  one  is  aware  how  readily 
and  quickly  an  impression  on  the  brain  and  spinal  cord  influences  the 
whole  sympathetic  system;  how  quickly  a  mental  emotion  alters  the 
heart's  action,  and  gives  rise  to  movements  of  the  intestines,  together 
With  borborygmi;  how  a  hysterical  fit,  in  which  the  central  organs 
of  the  nervous  system  are  afilected,  terminates  with  a  rumbling  of 
air  in  the  intestines. 

XVII.  It  is  not  certain  that  the  ganglia  are  the  jcause  of  the  parts  stm^ 
plied  by  the  sympathetic  nerve  being  withdrawn  from  the  influence  of  the 
will 

XYIII.  In  certain  organs ^  which  are  subject. to  the  influence  of  the 
sympathetic  and  of  the  spinal  nerves  at  the  same  /tme,  a  voluntary 
nijfluence  seems  to  be  exerted  only  after  the  long  contintumce  of  a  cenir^r 
petal  or  sensitive  impression. — The  urinary  bladder  presents  this  phe- 
i^iomenon.  The  relation  in  which  this  organ  stands  to  the  brain  and 
spinal  cord  is  very  enigmatical.  It  receives  nerves  entirely  of  the 
sympathetic  nature  from  the  hypogastric  plexus ;  and  also  nerves 
not  of  this  system,  namely,  branches  from  the  sacral  nerves.  It  ap- 
pears to  be,  under  ordinary  circumstances,  wholly  withdrawn  from 
the  influence  of  the  will;  and  nevertheless,  when  distended,  we  are 
able  merely  by  a  voluntary  efibrt,  and  without  any  aid  from  the 
diaphragm  and  abdominal  muscles,  to  expel  the  urine.  E.  H.  Weber 
{HildebrandVs  Anatomic^  t.  iii.  p.  354,)  likewise  admits  that  the 
bladder  is  in  sonic  degree  subject  to  the  influence  of  the  will. 

XIX.  Many  parts  which  are  supplied  by  the  sympathetic  nerve  are 
indeed  capable  of  involuntary  motion  only,  but  becom£  associated  fvith 
the  motions  of  parts  subject  to  volition,  a  part  of  the  voluntary  motor 
irifluence  being  communicated  involuntarily  to  them,  just  as  in  the  assO' 
date  motions  of  voluntary  muscles. — The  heart  itself  appears  to  have 
motor  influence  imparted  to  it  in  this  way  during  strong  muscular 
eflforts  of  the  body. 

The  remarkable  phenomenon  of  the  acceleration  of  the  heart's 
action  in  voluntary  muscular  exertions  has  never  been  satisfactorily 
explained.  It  has  been  said  that,  under  these  circumstances,  a 
larger  quantity  of  arterial  blood  is  required,  and  that  on  this  account 
the  heart  must  propel  the  blood  more  quickly  through  the  lungs; 
but  it  does  not  follow  that,  because  there  is  greater  need  of  aeration 
of  the  blood,  the  motion  of  the  heart  should  be  modified  in  ac- 
cordance witli  this  end.  The  phenomenon  has  been  accounted  for 
again,  on  the  supposition  that  the  passage  of  the  blood  through  the 
heart  and  lungs  is  disturbed  in  consequence  of  the  obstruction  to 
the  geiieral  circulation  caused  by  the  contractions  of  so  many  mus- 
cles; the  acceleratioii  of  the  heart's  action  takes  place,  however 
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when  the  lower  extremities  merely  are  nsed^as  in  ascending  moun- 
tains,  running,  &c.  Now,  we  cannot  perceive  how  in  the  latter  case 
the  passage  of  the  blood  through  the  lungs  and  heart  can  be  ob- 
structed; for,  though  by  the  constant  contractions  of  the  muscles  of 
the  lower  extremities  the  circulation  is  impeded  in  them,  the  Mood 
which  is  not  able  to  pass  through  the  capillaries  of  these  Hmbs  will 
not  reach  the  heart,  and  hence  cannot  accumulate  there.  The  effect 
can  be  no  more  than  that  of  the  application  of  a  tourniquet  to  both 
thighs  by  which  the  circulation  in  the  lower  extremities  is  impeded, 
but  by  which  nevertheless  no  acceleration  of  the  heart's  action  is 
induced.  It  is  possible,  therefore,  that  this  phenomenon,  which  is 
so  remarkable  in  persons  in  a  state  of  nervous  debility,  may  be  an 
associate  action  dependent  on  the  communication  of  the  nervous 
principle  from  the  highly  excited  spinal  cord  to  the  sympathetic 
nerves.  Since,  however,  this  explanation  cannot  be  regarded  as 
sftictly  proved,  and  is  merely  supported  by  analogy  with  certain 
facts,  it  must  at  present  be  received  merely  as  a  suggestion  for  further 
inquiry. 

XX.  The  motitms  of  organs  which  derive  their  nerves  from  the  synh 
pathetic  system,  have  a  peristaltic  type.  The  motums  are  progressive  in 
a  certain  direction^  and  the  course  whicfi  they  take  is  dependent  not 
merely  on  the  brain  and  spinal  cord,  hut  likewise  on  the  nerves  of  the 
organs  themselves. — The  cause  of  the  peristaltic  type  is  wholly  un- 
known. The  contractions  of  the  intestinal  canal,  succeeding  each 
Other  like  waves  from  above  downwards,  a  second  commencing 
before  the  jQrst  wave  has  traversed  the  whole  intestine,  are  well 
known.  This  phenomenon  is  not  confined  -to  the  intestine;  the 
ductus  choledochus  also  presents  vermicular  successive  contractions, 
and  even  in  the  heart  the  motions  are  evidently  of  the  same  cha- 
racter. 

The  explanation  of  the  regular  succession  of  the  motions  in  these 
oi^ans  is  one  of  the  most  difficult  problems  in  physiology,  and  has 
not  hitherto  been  made  the  subject  of  any  consideration. 

ft.  Of  the  sensitive  functions  of  the  sympathetic  nerve, 

I.  7%e  sensations  in  parts  ^  the  nerves  of  which  belong  to  the  syinpnh 
ihetic  system,  are  faint,  indistinct,  and  undefined;  distinct  and  defmjsd 
sensations  being  excited  in  them  only  by  violent  causes  of  irritation.-^ 
The  faint  and  undefined  character  of  the  sensations  may  perhaps 
arise  from  the  small  number  of  sensitive  fibres  distributed  to  the  parts 
supplied  by  the  sympathetic  nerve. 

II.  T%e  sensitive  impressions  received  by  the  sympathetic  nerve,  edr 
though  conveyed  to  the  spinal  cord,  may  not  be  perceived  by  the  sensor 
Hum,  the  organ  of  consciousness, 

in.  TTie  impressions  which  give  rise  to  reflex  motions,  when  conveyed 
to  the  spinal  cord  by  the  sympathetic  nerve,  are,  in  most  instances,  not 
productive  of  sensations;  while  those  impressions  which  are  received  by 
cerebrospinal  nerves  always  give  rise  to  sensations, — This  is  true  at 
least  of  the  majority  of  cases.  Irritation  in  the  stomach,  intestine, 
kidneys,  uterus,  or  liver,  which  excites  vomitings  does  not  affect  the 
sensorium  so  as  to  produce  real  sensation.    In  all  cases  of  reflej: 
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aotioinyOB'Ihe  oontrary^  wbieb  ains  exdted.  thionghtha-niediiiinof 
•erebTD-Bpiiial  aemtiTe  nenrei,  Um  exciting  impremon  gives  riee  to 
a  distinct  eenaatiDiu  Irritation  of  the  mooooi  membiane  of  tba 
laetjuxy  tracbea,  or  lungs,  gives  rise -to  a  reflected' action  of  the  spinal 
iMrveSy  so  as  to  produce  cou^hii^  but  a  distinct  sensation  isindoesd 
by  the  irritation.  The  tickling  of  the  faucesi  .which  excites  vomiu 
tog,  id  at  the  same  time  productive  of  a  distinct  sensation.  Distinel 
sensation  attends  likewise  the  irritation  of  the  nostrils,  whidi  induces 
sneesing,  and  the  action  of  light  on  the  retina,, which  causes  the  eon* 
traction  of  the  iris,  or  which,  in  other  cases,  causes  sneezing.* 
'  W.  Tht  gmtflia  of  the  iymfathMc  nerpe  do  nai  prevent  the  from 
mieekm  of  teninpeim  ocHom  in  that  nerve  to  the  epkud  cardg  theu  kerne 
mot  an  ineulqting  power  over  ate  eattripetal  currerUf  iP-*>This  mustM  in* 
fiu^ed  from  the  facts  stated  in  the  foregoing  paragraphs;  for  since 
the  irritation  of  the  sympathetic  nerve,  which  excites  vomitingi  al- 
though  it  does  not  give  rise  to  true  sensation,  is  propagated  to  the 
spinal  cord^  the  ganglia  cannot  exert  an  insulating  power  over  Aose 
centripetal  actions.  That  such  is  the  case,  however,  is  proved  by  a 
dirsct  experiment,  which  has  been  frequently  mentioned,  that  of 
inritating  the  splanchnic  nerve  with  a  needle  in  a  rabbit,  the  abdo^ 
uinal  parietes  of  which  have  been  completely  divided,  when,  in 
many  instances,  a  contraction  of  the  abdominal  muscles  ensues  al 
tbe  moment  of  each  application  of  the  needle.  The  ganglia  of  the 
main  cord  of  the  sympathetic,  from  which  the  splanchnic  derve 
arises,  cannot,  therefore,  have  the  power  of  arresting  the  transmie* 
sion  of  impressions  from  the  8]nnpathetic  nerve  to  the  spinal  cord: 
and  the  experiments  of  Volkmann  on  decapitated  frogs  prove  tbe 
same  fact  with  reference  to  the  ganglia  of  the  abdomen;  for,  by 
irritating  the  intestinal  canal  and  other  organs  supplied  by  the  sym* 
pathetic  nerve,  he  gave  rise  to  very  extensive  reflex  movements  of 
the  trunk. 

v.  The  gangKa  are  likewise  not  the  cause  of  the  impressions  on  the 
sympathetic  nerve  being  unattended  with  true  ««fwa/i(m.— This  also  re- 
sults from  facts  already  detailed. 

YI.  In  many  casesj  irritation  of  a  violent  nature  in  organs  supplied 
by  the  sympatKetic  nerve^  Kives  nse  to  sensations  in  those  parts;  in  other 
tases^  the  irritation  bein^less  violent^  the  sensations  in  the  parts  c^ffected 
are  indistinct f  while  distinct  sensations  are  present  in  other  parts  supj^ed 
with  cerebrospinal  nerves. — We  have  examples  of  cases  of  the  first 
kind  in  inflammations  of  the  intestinal  canal  and  liver;  of  those  of 
the  second  kind,  in  the  troublesome  itching  which  is  observed  to 
affect  the  nose  and  anus  in  afiections  of  the  intestinal  canal, — for 
example,  when  they  are  infested  by  worms;  and  at  the  glans  penis 
in  chronic  discfases  of  the  kidneys  and  bladder;  while  frequently  no 
distinct  sensations  are  perceived  at  the  actual  seat  of  irritation.  The 
pains  which  are  sometimes  felt  in  the  upper  extremities  in  diseases 
of  the  heart,  and  in  the  shoulder  in  diseases  of  the  liver,  are  also 

*  xThe  moToments  of  the  cBSopha^s  in  degiotition  Would  appear,  from  Dr. 
IMd't  experiments,  lo  be  owing  to  a  rpOez  action,  eieited  through  the  mediam  of 
assrebro-epiiial  nerre,  thoogk  umttended  with  eeimUon, 
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€8868  of  the  latter  kind.  They  are  instances  of  the  radiation  of 
sensations  wholly  analogous  to  the  phenomena  described  as  the 
lesults  of  the  radiation  of  sensations  in  cerebro-spinal  nerves. 

YU.  7%e  stcondary  sensations  in  eerebro-spinal  nerves^  eansequmi  an 
irritaium  of  branches  of  ths' sympathetic^  occur  esfeciaily  at  the  extreme 
forts  of  the  organs  affected. — ^Thus  we.  have  itching  ot  the  nose  from 
the  irritation  of  worms  in  the  intestinal  canal,  itching  of  the  anus 
from  irritation  of  worms  in  the  large  intestine,  itching  and  pain  io 
the  glans  penis  from  disease  of  the  kidneys  and  urinary  passages. 

YIIL  That  the  ganglia  exert  a  refkx  action  m  the  production  of  the 
sympathetic  sensations  is  not  proved^  and  many  facts  are  opposed  to  the 
idea  cf  their  having  such  a  junction. — The  secondary  sensations  in 
cerebro-spinal  nerves  have  been  commonly  attributed  to  connections 
of  the  sympathetic  with  those  nerves;  and  great  influence  has  been 
ascribed  to  the  ganglia  of  the  sensitive  roots  of  the  spinal  nerves^i 
through  which  the  primitive  fibres  of  the  roots  of  the  sympathetic  as 
well  as  those  of  the  cerebro-spinal  nerves  pass.  But  from  various 
observations  it  may  be  gathered  that  the  theory  of  the  reflected 
sensations  excited  by  impressions  on  the  sympathetic^  is  still  very 
obscure,  and  that,  at  all  events,  the  mode  of  accounting  for  them 
is  a  subject  of  doubt. 

c.  0/ the  organic  functions  qf  the  sympathetic  nerve. 

We  are  most  unacquainted  with  the  laws  of  the  organic  actions  of 
the  sympathetic  nerve;  for  we  have  but  just  learnt  that  there  are  in 
all  nerves,  even  in  the  cerebro*spinal,  peculiar  grey  fasciculi,  or  or- 
ganic fibres,  on  which  depend  the  organic  actions  of  the  nerves  in 
secretion  and  in  nutrition.  We  have  now  to  inquire  whether  in 
these  nerves  the  motion  or  oscillation  of  the  nervous  principle  can 
be  propagated  only  in  the  centrifugal  direction  from  the  trunks 
and  ganglia  to  the  branches,  or  in  the  contrary  direction  also;  or 
whether  the  action  of  the  nervous  principle  in  them  can  be  exerted 
in  all  directions,  a  particular  fibre  of  these  nerves  being  capable 
both  of  transmitting  a  vivifying  influence  to  a  gland,  and  of  exet*- 
cising  a  reflex  action  so  as  to  communicate  the  irritation  in  one 
gland  to  other  organic  nerves.  It  would  be  desirable  also  to  know 
whether  the  organic  nerves  are,  by  virtue  of  their  anastomoses, 
enabled  to  re-act  on  each  other  in  such  a  manner  that  increased  se- 
cretion from  a  whole  surface  may  be  excited  by  irritating  one  point, 
or  whether  all  such  reflex  actions  are  effected  through  the  medium 
of  the  spinal  cord.  The  facts  known  relative  to  this  subject  admit  of 
two  explanations,  and  it  cannot  be  determined  with  certainty  which 
is  the  correct  one.  There  are  certain  cases,  however,  in  which  either 
one  or  the  other  theory  is  more  probable. 

I.  When,  in  consequence  of  impressions  on  sensitive  nerves^  se- 
cretions take  place  in  distant  parts j  the  brain  and  spinal  cord  are 
probably  the  medium  of  communication.ri-The  cases  of  sympathetic 
affections  of  organic  nerves  hero  alluded  to  are  very  frequent.  Im- 
pressions on  internal  mucous  membranes — for  example  by  drinks— 
frequently  give  rise  immediately  to  a  general  sweat    Violent  im- 
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mgttative  influence  is  distributed  to  the  different  organs. — InflaOK 
mation  of  the  eye^  and  even  the  general  phenomena  of  impaired 
natrition^  have  been  ot»erved  to  foltow  injury  of  the  first  cervical 
ganglion. 

v.  This  radiating  influence  of  the  ganglia  appears  to  be-in  a 
certain  degree  independent  of  the  brain  and  spinal  cordj  since  the 
embryo  may  be  developed  while  the  brain  and  epinal  marrow  are 
destroyed.     (See  MUller^s  ^rchiv.  1834,  p.  286.) 

VI.  //  oppearBy  however^  that  the  brain  and  tpinal  eord  are  the  nudn 
source  whence  the  power  of  the  organic  nerves  is  graduaUy  renovated^  since 
eertmn  effeetione  of  the  brain  a$ia  spinal  cord^  attended  with  paralyaie^  are 
Hkewiie  productive  of  atrophy » 

In  concluding  our  inquiry  respecting  the  sympathetic  nerve,  wa 
can  but  lament  the  obscurity  in  which  much  regarding  it  is  involved* 
We  thinkf  however,  that  we  have  shown  how  investigations  on  this 
•abject  must  be  prosecuted;  and  that,  by  applying  the  laws  govern- 
ing the  action  of  cerebro-spinal  nerves  to  the  sympathetic,  much  light 
has  been  thrown  on  the  properties  of  this  nerve,  of  which  M..Mar 
gendie  seemed  to  think  so  little  known  that  he  hesitated  to  regard  it 
as  a  nerve. 


CHAPTER  VI. 

OF    SYMPATHIES. 

Its  the  preceding  Chapters  so  many  forms  of  sympathetic  phe- 
nomena have  been  shown  to  depend  on  known  laws  of  action  of  the 
CBrebro*8pinal  nerves,  independently  of  the  sympathetic,  that  the  latter 
nerve  appears  now  to  have  little  share  in  their  production.  The  phe- 
nomena of  the  radiation  and  coincidence  of  sensations,  of  the  asso- 
ciated and  the  reflected  motions,  are  independent  of  the  action  of  the 
sympathetic,  and  comprehend  by  far  the  greater  part  of  the  sympa- 
thetic phenomena  formerly  attributed  to  its  influence. 

We  will  now  reconsider  the  sympathies  under  more  general 
physiological  points  of  view. 

The  sympathetic  relations  of  the  diflerent  parts  of  the  system  may 
be  arranged  under  the  following  heads. 

!•  Sympathies  of  the  different  parts  qfone  tissue  with  each  other. 

This  is  one  of  the  most  frequent  kinds  of  sympathy.  When  dif- 
ferent parts  of  a  tissue  sufler  by  consent  one  with  another,  the 
secondary  affection  is  ordinarily  of  the  same  kind  as  the  original  one. 

a.  Cellular  tissue, — There  is  a  great  tendency  in  the  cellular  tissue 
to  the  extension  of  any  particular  state  from  one  part  through  all  its 
prolongations.  The  diseases  of  the  cellular  tissue,— emphysema, 
Qsdema,  induration,  fatty  degeneration,  inflammation,  and  suppura-^ 
tion,— afibrd  examples  of  this  tendency.  They  often  spread  over 
large  tracts  between  the  muscles,  vessels,  and  aponeuroses,  following 
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merely  the  oonnectkmt  of  the  interatitnl  eelkllar  timie;  Hence  it  ii 
that  a  kno wiedg^of  the  nataral  boandariee  of  the  ceHalar  membraney 
namely 9  the  faacisBy  is  so  important  in  forming  our  jndgnMit  of  anp- 
purations  in  it 

b.  iSih'n.— Ahhongh  there  is  a  marked  sympathy  between  the  ddn 
and  internal  organs,  yet  between  the  different  parts  of  the  skin  itself 
there  does  not  appear  to  exist  any  great  reeipnHml  influence.  Simple 
inflammation  of  the  skin  may  be  confined  to  one  part  But  the  skin 
may  become  the  seat  of  extensive  exanthematous  inflammation,  acote 
as  well  as  chronic,  from  its  having,  by  virtue  of  its  office  of  a  secreting 
organ,  a  certain  affinity  for  morbid  matters  circulating  in  the  fluids  m 
the  body.  It  sympathizes  much  more  frequently,  however,  with  in^ 
teniial  parts,  for  which  it  forms  the  common  exterior  envelope. 
Instances  of  such  sympathies  will  be  given  hereafter. 

Ci  Mucous  membranes. — In  the  mdcous  membranes  there  is,  it  fi 
well  known,  a  great  tendency  to  the  communication  of  a  particular 
slate,  of  one  tratct  to  others  with  which  it  is  continuous,  as,  for  Uh 
stance,  in  catarrh. 

d.  Serousmnembranes. — ^A  primary  afiection  of  one  seroin  mem* 
brane  is  often  followed  by  a  similar  aflection  of  all  the  others.  TMb, 
hydro-thorax  frequently  supervenes  to  ascites;  all  cases  of  dropsy 
affecting  different  parts  are  not,  however,  examples-  of  sympathy. 
Dropsy  frequently  arises  from  the  introduction  of  morbid  matter  into 
the  blood  in  several  parts  simultaneously,  or  even  from  obstruction 
to  the  circulation  in  one  important  organ.  In  these  cases,  therefore, 
the  simultaneous  affection  of  the  different  serous  membranes  is  owing, 
not  so  much  to  sympathy  of  the  membranes  themselves,  as  to  the  cir- 
eomstance  of  the  original  cause  having  An  extensive  sj^here  of  action. 

It  is  really  owing  to  sympathy,'  however,  when,  m  consequetiosr 
of  inflammation  of  one  serous  membrane,  others  become  inflahsed. 
Thus,  sometimes  inflammation  of  the  peritoneum  is- followed  by 
pleuritis  and  arachnitis. 

e.  Fibrous  membranes.^-There  is  such  a  close  sympathetic  con- 
nection between  the  fibrous  membraned,  that  a  local  lesion  very 
frequently  induces  an  extensive  and  violent  affection  of  them.  A 
local  rheumatic  affection  is  very  prone  to  extend  to  all  the  fibrous 
tissues  connected  with  its  original  seat,  and  even  to  change  its 
locality:  always  following,  however,  most  readily  the  connections 
of  the  fibrous  membranes.  Injury  of  the  ligaments,  aponeuroses, 
and  fibrous  ligamentous  tissties  of  the  foot  or  hand,  frequently  gives 
rise  to  extensive  inflammation,  swelling,  and  pain,  which  spread 
from  the  first  point  of  irritation  over  the  sheaths  of  the  muscles,- and 
sometimes  attack  even  the  periosteum. 

It  may  be  inferred  that  the  nerves  have  a  share  in  the  sympathies 
of  the  fibrous  membranes,  partly  from  the  presence  of  organic  nerves 
accompanying  the  vessels  in  all  vascular  tissues,  and  partly  from  the 
actual  existence  of  nerves  in  the  dura  mater.  Nerves  have  been 
seen  in  the  dura  mater  by  Comparetti,  Arnold,  Schlemm«  Bidder, 
and  myself:  they  are  in  part  referable  to  the  system  of  organic 
fibres. 
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/  Bane  and  cartilage.'^InsiBXices  of  sympathy  in  the  osseous 
system  are  rare.  In  many  diseases,  as  in  rhachitis  and  secondary 
syphilis,  the  osseous  tissue  throughout  the  body  is  affected,  but  these 
structural  diseases  can  scarcely  be  arranged  among  the  sympathies; 
there  is  here  general  irritation,  with  morbid  formation  of  the  osseous 
matter.  Distinct  examples  of  sympathy,  however,  occur  also  in  the 
bony  tissue.  Thus,  when  an  irritating  influence  acts  upon  the  sur- 
face of  a  cylindrical  bone,  the  inflammation  which  ensues  is  seldom 
confined  to  the  surface,  but  affects  the  whole  thickness  of  the  bone^ 
even  to  the  medullary  membrane:  the  texture  of  the  bone  becomes 
changed  in  its  whole  thickness.  So  likewise,  when  the  medullary 
membrane  of  a  bone  is  destroyed,  the  bone  becomes  inflamed  and 
swelled  internally,  and  also  externally,  to  its  very  surface.  We  are 
at  present  unacquainted  with  the  nerves  of  the' bones,  but  must  pre- 
suppose the  existence  of  organic  nerves  accompanying  the  vessels  in 
them,  as  in  all  vascular  parts. 

g.  Muscle. — Muscle  has  been  supposed  to  enjoy,  in  a  high  degree, 
the  property  of  being  excited  by  sympathy.  In  proof  of  this  it  has 
been  stated  that  the  irritation  which  causes  the  contnM^tion  of  one 
muscle,  is  frequently  attended  with  a  number  of  sympathetic  actions 
of  other  muscles;  but  here  the  sympathy  is  not  a  property  of  the 
tissue  itself,  but  of  the  motor  nerves:  a  muscle  of  which  the  nerve 
is  cut  off  from  the  rest  of  the  nervous  system  is,  it  is  true,  still 
irritable,  contracting  under  the  influence  of  an  external  stimulus;  but 
the  irritation  is  never  communicated  to  other  muscular  parts, — no 
sympathetic  motions  ensue. 

The  sympathetic  convulsions  of  the  muscular  system  are,  there- 
fore, not  properly  sympathies  of  the  muscular  tissue,  but  nervous 
sympathies.  The  remaining  small  number  of  morbid  actions  which 
occur  in  muscles,  as  inflammation  and  suppuration,  are  always 
limited  in  extent,  and  do  not  spread  beyond  the  original  seat  of  the 
irritation,  as  in  other  tissues.  In  addition  to  the  very  rare  inflamma- 
tory affections  of  muscle,  its  degenerations,  and  the  spasmodic  affec- 
tions, scarcely  any  other  disease  is  known  to  attack  this  tissue.  It 
is  evident,  from  a  consideration  of  all  these  facts,  that  in  the  muscular 
tissue  no  very  great  sympathy  prevails,  either  between  its  different 
parts,  or  between  it  and  other  tissues. 

h.  The  lymphatic  system  comprehends  the  lymphatic  vessels  and 
glands. 

Diseases  of  the  lymphatic  system  are  very  rarely  local.  Affec- 
tions originally  seated  in  the  lymphatics,  and  not  sympathetic  of 
diseases  of  other  organs,  usually  affect  them  generally,  constituting 
a  morbid  diathesis.  Some  diseases,  indeed,  as  scrofula,  seem  to  be 
confined  nearly  entirely  to  the  lymphatic  system.  A  state  of  irrita- 
tion, which  is  at  first  local,  rapidly  spreads  in  these  vessels  by  sym- 
pathy. When  a  lymphatic  gland  becomes  inflamed  in  consequence 
of  external  irritation,  the  surrounding  glands  soon  become  affected; 
they  become  swollen,  if  not  actually  inflamed.  Many  primary  irri- 
tations of  the  lymphatics  are  produced  by  irritatuig  substances  (poi- 
sons) absorbed  into  them.    The  inunction  of  mercury  at  one  part  of 
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the  surface  often  gives  rise  to  extensive  irritation  of  the  lymphatics, 
and  the  glands  of  different  parts  of  the  body  become  simultaueously 
affected.  Inflammation  of  the  lymphatics  from  the  local  action  of  a 
poisonous  substance  rapidly  extends  to  all  the  lymphatics  in  the 
limb;  and  in  such  cases  the  skin  is  everywhere  traversed  by  red  lines, 
indicating  the  course  of  the  inflamed  vessels. 

Of  equally  frequent  occurrence  are  instances  of  the  sympathy  of 
the  lymphatic  vessels  with  lymphatic  glands.  One  of  the  most  com- 
mon symptoms  in  structural  diseases  of  the  great  viscera,  is  enlarge* 
ment  of  the  lymphatic  glands  in  their  neighbourhood. 

Sympathetic  enlargement  of  the  lymphatic  glands  is  equally  fire* 
quent  in  inflammatory  affections  of  a  neighbouring  part. 
-  These  sympathetic  enlargements  of  the  glands  differ  chiefly  from 
the  original  affection  in  disappearing  as  soon  as  the  disease  of  th« 
oi^an  primarily  affected  is  removed;  in  being  chronic  when  excited 
by  a  chronic  disease,  acute  when  the  primary  disease  is  acute;  and, 
lastly,  in  consisting  simply  of  tumefaction,  generally  without  any 
other  change  from  the  natural  state  of  the  tissue. 

We  may^tate  generally  that  an  extensive  irritation  of  the  iymr 
phatic  system  may  be  excited  from  any  point  of  the  surface  which  is 
supplied  with  lymphatic  vessels.  The  exciting  cause  may  either  be 
the  actual  introduction  of  an  irritating  matter,  or  a  lesion  unattended 
by  absorption;  for  example,  a  mechanical  injury,  or  a  burn.  Hence, 
we  see  that  for  the  excitement  of  this  sympathy  it  is,  at  least,  not  in* 
dispensable  that  a  morbid  matter  be  actually  carried  along  the  ves* 
sels.  The  irritation  of  the  lymphatics  may  be  excited,  too,  by  origi* 
nal  irritation  of  an  internal  surface  of  the  body,  as  well  as  by  lesion  of 
the  external  surface,  when  a  corresponding  series  of  phenomena 
ensues.  Just  as  inflammation  of  the  skin  from  a  burn  is  followed  by 
irritation  of  the  surrounding  lymphatics,  extending  to  the  nearest 
lymphatic  glands,  so  inflammation  of  the  mucous  membrane  of  Che 
intestinal  canal,  when  it  continues  for  any  length  of  time,  as  in 
typhus,  induces  inflammation  of  the  lactcals  and  mesenteric  glands,— 
those  lacteals  and  glands,  namely,  which  correspond  to  the  inflamed 
part  of  the  intestine. 

Sometimes  the  lymphatics,  as  well  as  the  veins,  coming  from  a 
suppurating  part,  contain  pus.  The  corresponding  lymphatic  glands 
also  occasionally  suppurate.  It  would  be  an  error  to  infer  that  the 
pus  in  these  cases  had  been  absorbed  by  the  lymphatics;  it  is  pro- 
duced in  the  vessels  themselves  by  the  inflammation  which  has  ex- 
tended into  them,  just  as  the  pus  in  the  veins  of  the  stump  of  an 
amputated  limb  is  produced  by  inflammation  of  their  coats.  The 
inflammation  and  suppuration  of  the  mesenteric  glands,  consequent 
on  ulceration  of  the  intestines  in  typhus,  afford  us  a  distinct  proof 
that  in  this  case,  at  least,  the  pus  is  formed  in  the  absorbent  vessels 
and  glands  themselves. 

a.  Blood-vessels. -^Whcn  it  is  remembered  that  the  sympathy  of 
the  pulse  with  the  diseases  of  individual  organs  depends  on  a  symr 
pathy  of  the  heart,  rather  than  of  the  arteries  themselves;  and  when, 
moreover,  it  is  taken  into  consideration  that  the  local  diseases  of 
arteries,  such  as  inflammation  and  dilatation,  are  in  a  great  measure 
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limited  to  the  point  to  which  their  exciting  cause  was  applied,  and 
have  no  tendency  to  spread;  we  are  justified  in  the  conclnsion  that 
the  sympathies  of  arteries  are  in  general  inconsiderable:  we  must,  at 
least,  adopt  this  opinion  with  regard  to  the  coats  of  the  larger  arteries 
and  their  branches.  Bat  we  cannot  doubt  that  the  nervous  sjrstem 
may  exert  an  influence  over  the  state  of  the  arteries  independently 
of  the  heart;  this  influence  is  seen  in  the  varying  state  of  turgescenoe 
of  the  skin  during  mental  emotions, — the  local  congestions  and  suc- 
ceeding collapse  which  are  observed  to  occur  in  different  parts  of  the 
surface  under  such  circumstances. 

In  cases  of  a  general  affection  of  veins,  it  is  difficult  to  determine 
whether  this  has  originated  at  one  point,  and  gradually  spread  from 
sympathy  of  tissue,  or  whether  the  immediate  cause  of  the  disease 
has  acted  simultaneously  on  a  great  extent  of  the  venous  system.  It 
is,  however,  a  character  of  this  system  of  vessels,  that  its  diseases  are, 
generally,  not  local. 

We  have  direct  proof  of  the  extended  sympathy  of  the  veins  in 
phlebitis,  which  being  excited  at  any  point,  by  causes  capable  of 
giving  rise  to  inflammation,  extends  so  rapidly,  that  in  a  short  space 
of  time  all  the  venous  trunks  of  the  limb  become  affected. 

k.  Glandular  tissues. — Although  certain  diseases,  as  scrofula  and 
cancer,  attack  principally  the  glandular  tissue,  yet  these  general 
affections  of  the  glands  cannot  be  attributed  to  sympathy,  but  arise 
from  the  nature  of  the  diseases  themselves,  which  have  an  especial 
tsodency  to  affect  glandular  structures;  and  their  extension  is  not  so 
much  the  consequence  of  an  original  local  irritation,  propagated  by 
sympathy,  as  of  a  general  morbid  disposition  of  the  tissue  developed 
to  a  complete  disease  under  the  influence  of  local  irritation.  There 
is  no  doubt,  however,  that  when  a  disease  commences  in  a  single 
gland,  it  will,  from  the  sympathy  of  the  different  parts  of  the  gland, 
more  readily  affect  the  whole  of  its  substance  than  other  surrounding 
textures.  The  following  are  instances,  however,  of  sympathetic 
iffritation  of  glands. 

All  secreting  organs,  just  as  they  reflect  irritation  in  themselves 
upon  their  efferent  ducts,  are  also  sympathetically  affected  with  irri- 
tation when  their  efferent  ducts  are  first  affected;  thus  the  presence 
oi  food  in  the  mouth  gives  rise  to  an  increased  flow  of  saliva  from 
the  salivary  glands,  the  presence  of  a  sound  in  the  bladder  excites  an 
increased  secretion  of  urine(?),  irritation  of  the  glans  penis  an  in- 
creased secretion  of  semen,  and  irritation  of  the  mucous  membrane 
of  the  eye  a  more  abundant  secretion  of  tears.  Thus  also,  while  the 
food  is  in  the  stomach,  the  bile  flows  into  the  small  intestine  in  small 
quantity;  but,  when  the  chyme  has  come  into  contact  with  the  mu- 
cous coat  of  the  duodenum,  it  is  poured  out  in  much  greater  abun- 
dance; while,  during  fasting,  on  the  contrary,  the  amount  of  bile 
excreted  is  very  scanty.^ 

*  The  facta  coneidered  in  this  section  hare  been  elacidated  by  the  principles  of 
physiological  anatomy,  chiefly  through  the  labours  of  Bichat,  whose  work  on 
general  anatomy  contains  more  of  the  true  principles  of  general  pathology  than, 
most  of  oar  treatises  on  that  subject. 
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It  is  difficult  to  account  for  the  sympathy  evinced  by  different  parts 
of  a  tissue  for  each  other.  It  has  been  supposed  to  be  independent 
of  nerTous  action,  and  to  be  owing  to  the  identity  of  structure  and 
continuity  of  the  tissue.  But  can  inflammation,  for  example,  really 
spread  in  a  tissue  by  this  kind  of  contagion?  Can  the  component 
substance  of  a  tissue,  independently  of  nervous  influence,  by  a  kind 
of  aflinity  of  its  different  parts,  communicate  a  state  of  irritation  from 
one  point  to  those  contiguous?  We  cannot  decide  this  question. 
Other  physiologists  have  attributed  these  sympathies  of  a  single  tissue 
to  the  influence  of  the  nerves,  inasmuch  as  mucous  membranes  which 
are  not  anatomically  connected,  and  serous  membranes  which  do  not 
communicate  in  any  way,  present  phenomena  of  sympathetic  con- 
sent. But  still  another  explanation  of  such  cases  might  be  offered, 
namely,  that  all  the  phenomena  are  owing  to  a  noxious  matter  ab- 
sorbed into  the  blood  or  generated  in  it,  which  has  an  aflinity  for  all 
'  -  ^mucous  or  all  serous  membranes,  &c.  The  nerves  are,  however, 
evidently  engaged  in  the  cases  of  the  extension  of  sensations  over 
the  different  parts  of  the  same  tissue;  but  whether  by  virtue  of  a 
connection  of  their  peripheral  extremities,  or  through  the  interven- 
tion of  the  central  organs  of  the  nervous  system,  is  another  question. 

II.  Sympathies  of  different  Tissues  with  each  other. 

This  second  form  of  sympathy  is  of  much  less  frequent  occurrenoe 
than  the  first.  Ordinarily  a  disease  has  a  much  greater  tendency  to 
affect  the  same  tissue  in  a  different  organ  from  that  first  affected, 
than  to  be  communicated  from  one  tissue  to  another  even  in  the 
same  organ.  The  mucous  coat  may  take  on  a  morbid  secreting 
action,  without  the  muscular  coat  suffering;  the  serous  covering  of 
the  heajt  may  be  the  seat  of  disease,  while  the  muscular  substance 
under  it  remains  healthy;  the  muscular  coat  of  the  intestinal  canal 
may  be  affected  with  spasm,  the  mucous  and  serous  coats  remaining 
in  their  normal  state;  and  the  serous  tunic  of  an  organ  may  secrete 
a  watery  fluid  without  the  other  tunics  being  affected.  There  are 
instances,  however,  of  sympathy  between  different  tissues.  It  is 
here  to  be  observed,  that  when  different  tissues  sympathise  with 
each  other,  the  phenomena  vary  in  them  according  to  the  properties 
of  each;  while  in  the  sympathy  of  different  parts  of  the  same 
tissue,  the  secondary  affection  is  ordinarily  identical  in  its  nature 
with  the  original  one.  Inflammation  alone  manifests  itself  with 
the  same  characters  even  when  it  affects  different  textures.    The 

J)rincipal  examples  of  this  second  form  of  sympathy  are  the  foU 
owing: — 

I.  Between  the  skin  and  mucous  membranes, — These  textures 
very  frequently  sympathise.  Many  diseases  of  the  mucous  mem- 
branes, particularly  inflammation  and  increased  secretion,  are  fre- 
quently excited  by  the  action  of  a  noxious  influence  of  the  skin, 
and  vice  versd.  The  action  of  cold  upon  the  skin  gives  rise  to  in- 
flammation of  the  lungs,  throat,  or  intestines,  or  to  catarrhal  affec- 
tions of  these  or  other  mucous  membranes;  the  mucous  membrane 
of  that  organ  being  always  attacked,  which,  from  idiosyncrasy  of 
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the  indiTidnal,  is  more  disposed  to  disease  than  the  skin.  On  the 
other  hand)  a  diseased  state  of  the  mucous  membrane,  of  that  of 
the  stomach,  for  example,  induces  an  altered  condition  of  the-secre- 
tion  of  the  skin,  of  the  circulation  in  it,  and  of  its  colour.  Owing  to 
the  sympathy  of  the  mucous  membranes  with  the  skin,  we  can  arrest 
hemorrhages  from  the  former  by  the  application  of  cold  to  the  latter 
structure. 

d.  Between  the  skin  and  serous  membranes.^-^The  effusion  of  a 
watery  fluid  from  the  serous  membranes  is  always  attended  with 
diminished  secretion  from  the  skin;  and  suppression  of  the  cuta- 
neous secretion  sometimes  gives  rise,  on  the  other  hand,  to  effusions 
into  the  serous  cavities,  as  well  when  the  skin  is  in  a  healthy  state, 
as  when  it  is  the  seat  of  an  exanthematous  eruption,  whose  couite 
is  disturbed.  Lastly,  inflammations  of  the  serous  membranes  are 
not  infrequently  excited  by  the  action  of  noxious  influences  upon 
the  skin. 

3.  Between  the  glandular  tissue  and  the  mucous  membranes,'^ 
rhave  already  mentioned  how  close  a  sympathy  prevails  between 
the  mucous  membranes,  and  the  glands  which  pour  their  secretion 
into  them.  At  this  we  must  not  be  surprised;  since  the  glandular 
tissue  is  not  merely  a  development,  as  it  were,  of  the  efferent  duct, 
and  this  a  prolongation  of  the  mucous  membrane,  but  the  glatkis 
connected  with  the  intestinal  canal  are  originally  formed  as  diverti- 
cula from  it. 

4.  Between  the  mucous  membranes  and  the  serous  membranes, 
such  reaction  is  of  more  rare  occurrence. 

5.  Between  the  fibrous  membranes^  as  the  periosteum,  and  the 
cartilaginous  and  osseous  tissues,  there  is  a  very  close  sympathy. 
The  state  of  the  periosteum  determines  that  of  the  bone,  and  vice 
versd.  Inflammation  of  the  periosteum  is  frequently  followed  by 
enlargement  of  the  bone  beneath  it;  and,  when  swellings  of  the 
osseous  substance  itself  take  place,  the  periosteum  becomes  thick- 
ened. Enlargement  of  the  whole  thickness  of  a  bone  is  a  result 
of  inflammation  of  its  medullary  membrane.  Destruction  of  the 
periosteum  gives  rise  to  external,  destruction  of  the  medullary 
membrane  to  internal,  necrosis.  This  relation  depends  principally 
on  the  circumstance  that  innumerable  minute  vessels  are  received 
by  the  bone  both  from  the  periosteum  and  the  medullary  membrane. 

An  observer  of  the  phenomena  of  disease  will  easily  multiply  the 
examples  of  sympathy  between  different  tissues.    The  same  ex- 

Elanation  is  not  applicable  to  all  such  cases.  Secreting  membranes 
y  virtue  of  their  influence  on  the  circulating  fluids,  and  indepen- 
dently of  the  nerves,  stand  in  an  antagonistic  relation  to  each  other. 
Other  phenomena,  in  which  it  is  not  so  much  the  secretion  only,  as 
the  whole  vital  condition  of  the  membranes,  which  is  altered,  as  in 
the  reaction  of  the  skin  and  mucous  membranes  on  each  other,  are 
rather  to  be  referred  to  the  effects  of  reflex  action  of  nerves.  With 
respect  to  the  sympathy  of  the  glands  and  mucous  membranes,  it  is 
uncertain  whether  it  be  owing  to  reflection,  or  to  the  direct  action 
of  the  nerves  on  each  other,  by  the  intervention  of  the  sympathetic. 
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The  sympathy  of  the  periosteum  and  medqllary  membrane  with 
the  osseous  substance  is  to  be  ascribed  to  vascular  communicationi 
and  to  the  sympathy  of  the  vascular  tissue  commdh  to  theoi. 

III.  Sympathies  of  individual  Tissues  with  entire  Organs. 

A  disease  of  an  entire  organ,  into  the  formation  of  which  a  tisBoe 
that  extends  to  other  parts  enters,  affects  also  the  prolongations  of 
this  tissue;  and,  on  the  other  hand,  the  state  of  a  single  tissue  may 
modify  all  the  others,  which  with  it  form  a  compound  organ.  Elz- 
amples  of  this  kind  of  sympathy  may  be  found  more  particularly  in 
the  relation  existing  between  the  viscera  and  the  skin,  the  muooos 
and  the  serous  membranes. 

Through  the  medium  of  the  skin  noxious  influences  may  setup 
disease  in  any  internal  organ  predisposed  to  it;  and,  on  the  other 
hand,  the  application  of  irritants  and  derivatives  to  the  skin  has  an 
effect  on  a  aiseased  state  of  any  organ  lying  near  the  part  irritated: 
Hemorrhages  from  internal  parts  are  arrested  by  the  action  of  cold 
upon  the  skin.  Lastly,  an  exanthematous  disease  may  disappeai 
from  the  skin,  and  affect  an  internal  organ. 

The  serous  membranes  always  participate  in  the  condition  of  the 
organs  to  which  they  give  an  investment.  When  the  viscera  are  the 
seat  of  structural  disease,  the  serous  membranes  take  on  a  morbid 
action,  not  merely  where  they  cover  the  diseased  organ,  but  in  their 
whole  extent.  Thus, organic  disease  seated  in  the  lungs  givesrise  to 
hydrothorax,  in  the  heart  to  hydro-pericardium,  in  the  uterus  and 
ovaries  to  ascites,  and  in  the  testis  to  hydrocele.  When  viscera,  of 
which  mucous  membranes  form  part,  are  diseased,  those  membranes 
are  always  affected  in  a  great  extent.  Organic  diseases  of  the  otems 
are  attended  with  leucorrhea;  diseases  of  the  lungs,  with  affection 
of  the  bronchi;  and  structural  diseases  of  the  stomach  and  intestioal 
canal,  are  frequently  accompanied  by  obstinate  constipation  from 
defective  secretion  of  the  intestinal  mucous  membrane. 

The  whole  system  sympathises  with  the  inflammatory  state  of  a 
mucous  membrane;  and  the  surrounding  muscles  either  act  with 
difficulty,  as  is  the  case  with  the  pharyngeal  muscles  in  inflammation 
of  the  pharynx;  or  they  are  affected  with  spasms,  as  when  irritation 
of  the  lungs  gives  rise  to  spasmodic  action  of  the  diaphragm  and 
intercostal  muscles,  so  as  to  produce  coughing.  Mechanical  irritation 
of  the  mucous,  membranes  has  the  same  effect.  Every  one  must 
have  observed  the  convulsive  actions  excited  bv  mechanical  irrita- 
tion  of  the  glottis,  the  retching  from  irritation  of  the  mucous  mem- 
brane  of  the  pharynx;  and  in  the  same  way  irritation  of  the  mucous 
membrane  of  the  bladder  or  ureters  by  calculi,  or  inflammation  of 
that  membrane,  gives  rise  to  spasmodic  contraction  of  the  sphincter 
ani,  of  the  sphincter  vesicae,  and  to  drawing  up  of  the  testicle  by  the 
cremaster. 

Of  all  membranes  the  fibrous  have  the  least  sympathy  with  other 
organs,  even  with  the  organs  which  they  invest.  These  fibrous 
membranes,  which  have  the  office  of  aflbrding  protection  or  attach- 
ment to  other  parts,  are  in  this  respect  almost  insulators.     Only  in« 
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flammation  of  these  membranes  can  affect  the  organs  which  they 
invest,  and  can  give  rise  to  marked  symptoms  in  them,  and  this 
depends  on  the  communication  and  sympathy  of  their  vessels;  thus 
it  is  that  inflammation  of  the  dura  mater  is  attended  with  cerebral 
symptoms. 

The  explanation  of  the  sympathy  of  individual  tissues  with  entire 
oi^ns  is  to  be  found  partly  in  the  laws  of  nervous  reflection,  when 
the  sympathising  parts  are  quite  unconnected,  and  partly  in  the  re- 
action of  communicating  vessels^  and  of  the  nerves  accompanying 
these  vessels  in  connected  parts,  such  as  the  uterus  and  the  mucous 
membrane  of  the  genital  organs. 

IV.  Sympathies  qf  entire  Organs  unth  each  other. 

Although  it  is  essential  to  our  ideas  of  a  living  organism  that  the 
condition  of  one  organ  has  an  influence  on  that  of  all  the  others,  yet 
this  influence  is  manifested  principally  between  the  organs  of  certain 
systems  or  groups.  The  sympathies  which  fall  under  this  head  are 
the  folio  wing: — 

1.  Sympathies  between  organs  which  have  similar  structure  and 
function;  as  between  the  different  salivary  glands,  between  the  heart 
and  blood-vessels,  between  the  stomach  and  intestines^  and  between 
the  different  central  organs  of  the  nervous  system. 

2.  Sympathies  between  organs  which,  although  of  different  struc- 
ture, yet  belong  to  the  same  system;  such  as  the  different  viscera  of 
the  chylopoietic  system  (intestinal  canal,  glands^  and  spleen),  the 
nropoietic  system,  the  generative  system, — the  two  latter  systems  re- 
acting on  each  other, — and  the  respiratory  system  of  organs  (larynx^ 
trachea,  and  lungs). 

3.  Sympathies  between  organs  anatomically  connected  by  means 
of  vessels  and  nerves,  as  the  lungs  and  heart. 

4.  The  sympathies  which  connect  all  important  viscera  with  the 
central  organs  of  the  nervous  system.  We  have  instances  of  such 
sympathy  in  the  affection  of  the  brain  which  accompanies  inflam- 
mation of  internal  viscera,  as  the  liver,  lungs,  or  intestinal  canal;  and 
in  the  affections  of  the  stomach  and  liver,  which  attend  injuries  or 
irritation  of  the  brain,  &c. 

The  phenomena  of  this  class  are  partly  owing  to  the  different 
organs  of  the  same  system,  or  parts  anatomically  connected,  deriving 
their  nervous  influence  from  one  and  the  same  source;  and  partly  to 
the  influence  of  the  central  organs  of  the  nervous  system  upon  all 
the  organs  of  the  body.  The  probability  of  these  phenomena  being 
in  a  greater  degree  dependent  on  the  central  organs  of  the  nervous 
system  than  on  the  anastomoses  of  the  sympathetic  nerves,  is  ren- 
dered stronger  by  the  occurrence  of  sympathies  which  are  quite 
inexplicable  by  nervous  communication  or  anatomical  connection; 
such  as  the  sympathies  of  the  mammae  with  the  genital  organs,  and 
of  the  larynx  and  respiratory  organs  with  the  genital  organs  at  the 
period  of  puberty,  and  in  debauchees  and  eunuchs.  The  sympathy 
of  tlie  parotid  and  testicle  in  the  metastasis  of  inflammation  from  the 
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we  are  enabled  to  etimuiate  denntm  iierTe%  wtueh  are  not  directly 
accessible  to  w,  saoh  as  the  auditory  or  optio  nerves,  by  applyiog  the 
iftimalatiug  means  to  other  sensiliTe  nenres  urhich  staiid  in  close  le- 
IfUioQ  with  tbeioiy  both  physiologundly  and  in  respect  of  origin.  Thus, 
we  treat  partial  deafness  and  imperfect  loss  of  vision  by  irritants  to 
the  skin,,  lux  By  virtue  of  the  reflected  action  of  sensitive  upon 
BBDtor  joervesy  also,  through  the  intervention  of  the  brain  and  q>iiial 
eordt  we  are  sometimes  enabled  to  remove  local  paralysis  of  indi'- 
vidual  nerves,  for  example,  paralysis  of  the  ftcial  nelrv^  or  ptosisy  4yy 
initating  the  nerves  of  the  faee,  Ac 

UL  Syn^athiu  qf  ike  corrtsponding  nerwM  qf  tht  iuHi  n^^ 
fl£  this  we  have  instancee,  particularly  in  the  optic,  auditory, -and 
oJfiictory  nerves,  and  in  the  ciliary  nerves. 

When  one  eye  is  affected  with  a  disease,  and*  originally  but  this 
one,  the  other  is  frequently  attacked  by  the  same  diciease.  One  eye 
beu^g  destroyed  by  inflammation,  the  other  frequently  becomee  in^ 
Atfned  and  likewise  disorganised.  Affections  of  the  intornal  ear  ave 
not  alwajrs  confined  to  one  side.  Deafness  of  one  ear  is  often  fol'* 
lowed  by  the  other,  becoming  deaf  also.  The  s]^iipathies  of  the 
IQOtor  nerves  of  the  eye,  and  especially  of  the  ciliary  nerves,  ate 
fufficiently  well  known.  In  the  healthy  state,  the  sympathy  of  the 
Mfves  of  the  two  irides  causes  the  pupil  to  be  of  equal  siase,  although 
ibm  fiction  of  the  external  cause  determining  their  cootraotion  is  very 
difisrent  on  the  two  sides.  •  The  sympathy  of  the  corre^N>adiBg 
serves  of  the  opposite  sides  is  evidenced  very  frequently  in  what  am 
eaUed  neuralgic  diseases,— tfie  painful  affections  of  the  nerves.  In 
consequence  of  painful  affection  of  the  nerve  on  one  side  of  the  face, 
the  corresponding  nerve  of  die  other  side  sometimes  becomes  affected. 
Toothache  from  a  decayed  tooth  is  not  confined  to  the  seat  of  die 
kntating  cause;  the  corresponding  nerve  of  the  opposite  side  n  eoca^ 
Mpnally  affected. 

lY .  Sympathies  qf  motor  nervuwith  each  ather.-^Tht  extremely 
frequent  phenomena,  of  associate  motions,  the  movements  which  m* 
Toluntarily  accompany  other  movements  determined  by  the  will,  have 
been  treated  of  at  page  533. 

v.,  S^mpatkies  qf  eeneiiive  nerees.— These  present  themsetvee 
nnncipally  under  three  forms,  which  differ  merely  in  the  extent  and 
^stance  from  each  other  of  the  parts  thrown  into  consensual  acdon. 

a.  In  the  first  case,  a  violent  sensation  excited  at  a  single  spot  ex* 
tends  to  nerves  of  the  same  kind,  or  to  other  fibres  of  the  same  nerve 
piodadng  phenomena  which  have  been  treated  of  under  the  head  of 
the  **  radiation  of  sensations,''  at  page  544. 
.  ^.  In  the  second  case,  an  affection  of  one  sensitive  nerve  induoM 
ai\  afiiaction  of  a  sensitive  nerve  of  another  kind,  but  in  the  same 
oi^ao.  This  kind  of  sympathy  is  observed  principally  between  the 
nerves  of  special  tense  and  the  nerves  superaddea  to  the  organs  of 
sense,  for  the  reception  of  the  genoral  impressions  of  resistance, 
warmth,  cold,  pleasure,  and  pain.  The  optic  nerve  is  susceptible  of 
the  impression  of  light;  but  is  not  endued  with  common  sensibility, 
the  eye  receives  from  bianchai  of  the  fifUi,  ramifying  in  the 


ooiqnnctiTa,  and  fifom  the  ciliary  nenres.  The  orgaD  of  bearing  haty 
in  addition  to  the  auditory  nenre,  fibres  from  the  facia],  the  aecond, 
«nd  thiiddiraaon  of  the  fifth  nerve,  and  from  the  ganglion  oticom, 
which  are  diBtribated  in  the  mnooos  membrane  of  the  tympanom; 
and  from  these,  together  with  the  namerous  nerres  of  the  external 
ear  and  external  meatus,  the  common  sensibility  of  the  organ  of  hear- 
ing is  evidently  derived.  The  noee  is  not  only  the  seat  of-  the  senss 
of  smell,  the  function  of  the  olfactory  nerves,  which,  according  to 
Magendie,  are  devoid  of  coqunon  sensibility,  but  is  v^ry  susceptible 
of  other  sensations,  such  as  resistance,  warmth,  cold,  tickling,  pain^ 
&C.  which  are  due  to  the  presemse  of  nasal  branches  of  the  fifth  nerve. 
It  is  very  well  known  that  the  tongue  has  not  only  the  sense  of  taste, 
but  also  the  sense  of  touch. 

.  Kow,  the  nerves  of  special  and  those  of  common  sensation  in  the 
ocgans  of  sense  have  a  markM  UkflofiQfifiJ2n.sicb  other.  The  blindk 
ness  which  sometimes  follows  injury  of  the  frontal  nerve  has  been 
tiMUghtto  be  an  instance  of  this.  It  has  been  imagined  that  the 
effiDct  of  the  injury  of  the  frontal  nerve  is  propagated  backwards  to 
the  trunk  of  the  ophthalmic^  from  the  nasal  branch  of  which  the 
ciliary  ganglion  derives  its  longer  root  -  But  the  ciliary  tierves  can 
influence  the  power  of  the  iris  only,  and  not  that  of  the  retina,  with 
which  they  are  in  no  way  connected.  It  appears  to  me  mudi  more 
natural  to  suppose  that  the  blindness  consequent  on  contusions  of  the 
finehead  is  owing  to  the  concussion  suffered  by  the  eye  and  o^ti6 
nerve,  M.  von  Walther  has,  I  think,  gone  too  &r  in  attributing 
much  influence  to  the  ciliary  nerves  in  the  production  of  amadroeis 
and  amblyopia.  In  many  other  phenomena,  however,  we  have 
indubitable  proofs  of  the  sympathy  of  the  difierent  nerves  of  the 
(Mgans  of  sense;  for  example,  in  the  sensation  of  tickling  in  the  noee 
from  looking  at  the  sun,  and  in  the  sensation  of  shuddering,  atad 
creeping  over  the  surface,  excited  by  certain  sounds,  &c.  The  prin- 
ciples laid  down  in  the  section  on  the  laws  of  nervous  action  do  not 
leave  much  doubt  concerning  the  explanation  of  these  phenomena. 
Since  communications  of  the  nerves  of  special  sense  with  the  super- 
added nerves  of  common  sensation,  by  means  of  the  sympathetic, 
have  not  been  satisfactorily  demonstrated  to  exist,  we  must  refer  the 
phenomena^in  question  to  reflection  of  the  impression  in  the  brain. 
Tiedemann,  {Zeitschrift  fur  Physiol.  I  237,)  in  treating  of  the  sym- 
pathies of  the  organs  of  the  senses,  lays  stress  upon  the  fact  that  all 
those  organs  receive  branches  from  the  sympathetic  nerve;  this  can- 
npt  be  denied;  but,  to  explain  the  sympathies  of  the  nerves  of  special 
sense  with  other  sensitive  nerves,  it  is  necessary,  not  that  the  organ 
generally,  which  is  a  part  composed  of  numerous  tissues,  but  that 
the  nerve  itself  should  have  such  connections  with  the  sympathetic 
Such  connections  have  indeed  been  described.  Tiedemann  himself 
saw  branches  of  the  ciliary  nerves  accompanying  the  arteria  centralis 
retime,  even  as  far  as  the  retina;  but  this  does  not  prove  a  connection 
of  the  optic  nerve  or  of  the  retina  with  the  sympathetic.  Hirzel 
( Tiedemann^a  Zeilsehfiftj  h  229 f)  observed  in  several  cases  a  con- 
nection between  the  gai^ion  spheno-palatinum  and  the  optic  nerve. 
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Anold  tcaoed  such  a  twig  as  far  as  the  sb^atfa  of  the  optic  nenre,  bttt 
denies  its  connection  with  the  nerve  itself.  Varrentrapp  (Observ. 
Jlnat.  de  parte  cephah  nerv.  sympath,  Francof.  1831,)  did  not  see 
this  communicating  filament.  Bnt  even  if  the  optic  nerve  did  really 
receive  a  filament  from  the  sympathetic,  much  would  not  thereby  be 
explained;  'for,  to  establish  such  a  communication  as  is  necessary  to 
explain  the  sympatt^es,  the  communicating  thread  of  the  sympathetic 
most  be  connected  with  all  the  fibres  of  the  optic  nerve;  its  connection 
with  one  or  a  few  of  these  fibres  would  not  be  sufficient.  The  same 
remarks  apply  to  the  organ  of  hearing.  Koellner,  Swann,  Arnold, 
and  Varrentrapp  have  observed  a  connection  between  the  facial  and 
the  acoustic  nerve,  within  the  -meatus  auditorius  intemus.  According 
to  Arnold,  {Der  Kopftheil  des  veget.  Nervensyst.  Heidelb.  1831,  p. 
S3,)  the  communication  is  twofold:  one  is  through  the  medium  of  the 
sympathetic  nerve.  A  fibre  derived  from  the  sympathetic  leaves  the 
facial  to  join  the  acoustic  nerve,  and  in  the  calf  forms  a  small  gan« 
glion  at  the  bottom  of  the  meatus  auditorius.  This  structure,  which 
is  very  distinct  in  the  calf,  appears  to  me  to  be  destined  to  convey 
organic  fibres  into  the  interior  of  the  labyrinth.  The  organic  fibres 
of  the  tympanic  plexus  may  probably  be  subservient  to  the  organic 
functioos,  such  as  the  secretion  of  mucus.  The  second  mode  in 
which  the  facial  and  acoustic  nerves  are  connected,  is  by  means  of  a 
fibre  which  passes  from  the  smaller  portion  of  the  facial  nerve  to  the 
Dervus  acousticus.  Since  at  their  origin  the  two  nerves  are  connected 
by  many  pervous  filaments,  this  communicating  thread  in  the  meatus 
auditorius  may  be  regarded  as  a  fibre  which  belongs  to  the  acoustic 
nerve,  but  which  has  thus  far  accompanied  the  facial.  The  ramus 
acdusticus  accessorius,  derived  from  the  facial  in  birds  and  the  cyclo- 
stomatoos  fishes,  is  to  be  viewed  in  the  same  light 

The  remarks  which  we  have  made  regarding  the  sympathies  of 
the  nerves  of  special  sense  with  the  other  superadded  nerves  of  the 
organs  of  sense,  may  be  applied  to  the  more  remote  sympathies  of 
these  organs  with  the  abdominal  viscera.  Partial  amaurosis,  tin- 
nitus aurium,  and  other  symptoms,  have  been  observed  accom- 
panying  a  disturbed  slate  of  the  functions  of  the  abdominal  viscera; 
and  many  persons  have  explained  these  phenomena  on  the  sop- 
position  of  the  sympathetic  nerve  having  a  share  in  the  functions  of 
the  organs  of  sense,  although  they  are  much  more  easily  accounted 
for  as  the  result  of  the  impression  made  by  the  disordered  viscera 
upon  the  brain  and  spinal  cord,  and  by  them  reflected  upon  the 
organs  of  sense.  These  secondary  affections  of  the  senses  cannot, 
however,  be  regarded  in  this  isolated  manner;  the  whole  nervous 
system  frequently  suffers  in  such  cases;  obstinate  pains  in  the  head 
precede  or  accompany  the  affection  of  the  organs  of  sense,  or  the 
sensibility  of  the  nerves  of  common  sensation  generally  is  found  to 
have  suffered. 

Having  now  considered  separately  the  different  forms  of  sympathy, 
we  must  glance  at  the  application  which  may  be  made  of  these  views 
ID  the  treatment  of  disease. 

The  principle  of  the  balance  of  sympathy  teaches  us  how  we 
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must  avoid  aggravating  the  morbid  condition  of  one  oigan  bf  the 
means  which  we  apply  to  another;  but  it  also  teaches  us  how  we 
may  produce  a  change  in  the  state  of  one  organ  directly  inaccessible 
to  us  by  effecting  an  appropriate  change  in  another.  The  remedial 
means  which  act  by  virtue  of  the  sympathies  of  the  body  have  re- 
ceived  the  names  of  derivation  and  counter-irritation^  inasmuch  as 
they  are  intended  to  remove  a  certain  state  in  one  organ  by  inducing 
artificially  a  change  in  another.  Their  mode  of  action  may  be  thus 
stated: — 

1.  Exaltation  of  the  activity  of  an  affected  part,  by  artificially 
increasing  that  of  the  part  which  sympathises  with  it, 

2.  Depression  of  the  irritation  of  a  part,  by  producing  relaxation 
of  the  consensual  part 

These  results  may  be  expected  in  the  highest  degree  in  the  sym- 
pathies of  the  nerves,  and  especially  wherever  the  laws  of  reflection 
from  sensitive  upon  motor  nerves,  by  the  intervention  of  the  brain 
and  spinal  cord,  come  into  play.  In  the  nerves  distributed  over  the 
whole  surface  of  the  skin,  we  have  an  extensive  field  for  acting  in- 
directly on  the  brain  and  spinal  cord.  By  friction,  electricity, 
moxas,  cold  baths,  and  mustard  plasters,  we  stimulate  the  peri- 
pheral extremities  of  the  cutaneous  nerves,  and  indirectly  the  cen- 
tral organs  of  the  nervous  system;  by  soothing  the  peripheral  nerves 
in  the  skin  by  tepid  baths,  we  allay  irritation  of  the  brain  and  spinal 
cord. 

-  3.  Diminution  of  a  morbid  secretion  in  one  part,  A,  by  increasing 
the  secretion  of  another  part,  B,  or  by  giving  rise  to  a  similar  secre- 
tion in  the  second  part,  B.  This  mode  of  action  is  the  reverse  of 
that  which  takes  place  in  the  preceding  cases;  it  is  explained  by  the 
principle  of  the  antagonism  of  secretions,  laid  down  at  page  451. 
There  is  an  exception  to  this  law  in  the  sympathy  of  the  different 
parts  of  one  and  the  same  tissue  (see  page  573). 

4.  Diminution  of  sanguineous  congestion  in  one  organ,  by  excit- 
ing congestion  artificially  in  another  organ;  as  in  the  action  of  hot 
foot-baths.  This  case  is  similar  to  the  preceding,  and  is  the  reverse 
of  the  first  two,  but  is  explicable  on  the  same  principle. 

5.  Diminution  of  a  certain  state,  or,  in  one  part.  A,  by  exciting  a 
different  state,  y,  in  a  second  part,  B,  of  the  same  tissue;  a  method 
which  we  adopt  frequently  with  the  best  effects.  Secretion  and  in- 
flammation, particularly  when  seated  in  a  secreting  organ,  are  to  be 
regarded  almost  as  opposite  states.  Inflammation  always  arrests 
the  natural  secretions.  Hence  inflammation  of  the  mucous  mem- 
branes of  the  fauces  is  successfully  treated  by  exciting  a  diarrhosa. 
The  same  reaction  can  be  excited  between  different  tissues.  A  diar- 
rhoBa  diminishes  congestion  in  the  head.  This  case,however,bek)ngs 
to  the  mode  of  action  indicated  in  paragraph  4. 

6.  Diminution  of  a  certain  state,  x,  in  one  organ,  by  exciting  the 
same  state  in  another  organ.  This  appears  to  be  contradictory'  to 
most  of  the  facts  established  in  the  foregoing  paragraphs,  and  its 
explanation  is  a  matter  of  great  difiiculty.  The  production  of  aa 
inflammatory  state  artificially  in  the  neighbourhood  of  an  inflftiaed 
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Mirt  would  cause  the  original  inflammation  to  become  increased, 
lot  diminished,  particularly  if  the  artificial  inflammation  were 
nduced  in  a  part  of  the  same  tissue;  and,  nevertheless,  inflamma- 
ion  of  one  organ  is  rendered  less  active  by  inflammation  being  ex- 
dted  in  another  organ,  at  a  certain  distance  from  the  one  originally 
iiseased.  Ophthalmic  affections  are  treated  by  exciting  inflamma- 
ion  of  the  skin  at  a  little  distance  from  the  eye.(a)  Afiections  of  the 
oint8>  &c.  are  treated  by  counter-irritation  of  the  skin.  The  success 
)f  these  methods  of  treatment  seems  to  prove,  that  the  states  of  irri- 
ation  of  the  capillary  vessels  of  two  organs,  particularly  if  in  dif- 
erent  tissues,  are  not  subject  to  the  same  relation  which  we  have 
>b8erved  to  prevail  so  distinctly,  in  the  cases  indicated  in  para- 
praphs  1  and  2,  between  peripheral  and  central  parts;  and  by  virtue 
)f  which,  irritation  of  the  peripheral  branches  of  the  nerves  does  not 
iirest  irritation  of  the  central  organs,  but  induces  in  them  a  more 
ictive  state. 


SECTION  IV. 
OF  THE  PECULIAR  PROPERTIES  OF  INDIVIDUAL  NERVES. 

CHAPTER  I. 
Of  the  Nerves  of  Special  Sense. 

The  nerves  have  always  been  regarded  as  conductors,  through  the 
nedium  of  which  we  are  made  conscious  of  external  impressions. 
Thus  the  nerves  of  the  senses  have  been  looked  upon  as  mere  pas- 
sive conductors,  through  which  the  impressions  made  by  the  pro- 
)erties  of  bodies  were  supposed  to  be  transmitted  unchanged  to  the 
lensorium.  More  recently,  physiologists  have  begun  to  analyse 
hese  opinions.  If  the  nerves  are  mere  passive  conductors  of  the 
mpressions  of  light,  sonorous  vibrations,  and  odours,  how  does  it 
lappen  that  the  nerve  which  perceives  odours  is  sensible  to  this  kind 
if  impressions  only,  and  to  no  others,  while  by  another  nerve  odours 
ire  not  perceived;  that  the  nerve  which  is  sensible  to  the  matter  of 
ight,  or  the  luminous  oscillations,  is  insensible  to  the  vibrations  of 
lonorous  bodies;  that  the  auditory  nerve  is  not  sensible  to  light,  nor 
he  nerve  of  taste  to  odours;  while,  to  the  common  sensitive  nerve, 
he  vibrations  of  bodies  give  the  sensation,  not  of  sound,  but  merely 
)f  tremours?  These  considerations  have  induced  physiologists  to 
iflcribe  to  the  individual  nerves  of  the  senses  a  special  sensibility  to 
»rtain  impressions,  by  which  they  are  supposed  to  be  rendered  con- 
luctors  of  certain  qualities  of  bodies,  and  not  of  others. 

This  last  tlieory,  of  which  ten  or  twenty  years  since  no  one  doubted 
he  correctness,  on  being  subjected  to  a  comparison  with  facts,  was 
bund  unsatisfactory.  For  the  same  stimulus,  for  example,  electricity, 
nay  act  simultaneously  on  all  the  organs  of  sense, — all  are  sensible 

(s)  See  pige  tflp  nd  fbol-iiote. 
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to  its  action;  but  the  nerve  of  each  sense  is  affected  in  a  different  way, 
—becomes  the  seat  of  a  different  sen3ation:  in  one,  the  sensation  of 
light  is  produced;  in  another,  that  of  sound;  in  a  third,  taste;  while^ 
in  a  fourth,  pain  and  the  sensation  of  a  shock  are  felt  Mechanical 
irritation  excites  in  one  nerve  a  luminous  spectrum;  in  another,  a 
humming  sound;  in  a  third,  pain.  An  increase  of  the  stimulus  of 
the  blood  causes  in  one  organ  spontaneous  sensations  of  light;  in 
another,  sound;  in  a  third,  itching,  pain,  &c.  A  consideration  of 
such  facts  could  not  but  lead  to  the  inference  that  the  spedal  suscep« 
tibility  of  nerves  for  certain  impressions  is  not  a  satisfactory  theoiy, 
and  that  the  nerves  of  the  senses  are  nojL  mere  passiv^jconductors, 
/  but  that  each  peculiar  nerve  of  sense  ba&.apecial  powers  orj^j^uall^ 
VV     which  the  exciting  causes  merely  reader  nianifest 

Sensation,  ther^orej  consists  in  the  communicdtion  to  the  sen^ 
soriumy  not  of  the  quality  or  state  qfthe  external  body\  but  of  the 
condition  of  the  nerves  themselvesy  excited  by  the  external  cause.^^ 
We  do  not  feel  the  knife  which  gives  us  pain,  but  the  painful  state 
of  our  nerves  produced  by  it.  The  probably  mechanical  oscillation 
of  light  is  itself  not  luminous;  even  if  it  could  itself  act  on  the  sen- 
sorium,  it  would  be  perceived  merely  as  an  oscillation;  it  is  only  by 
affecting  the  optic  nerve  that  it  gives  rise  to  the  sensation  of  light 
Sound  has  no  existence  but  in  the  excitement  of  a  quality  of  the 
auditory  nerve;  the  nerve  of  touch  perceives  the  vibration  of  the 
apparently  sonorous  body  as  a  sensation  of  tremour.  We  commu- 
nicate, therefore,  with  the  external  world  merely  by  virtue  of  the 
states  which  external  influences  excite  in  our  nerves. 

By  the  knowledge  of  the  fact  just  announced,  we  are  led  not  only 
to  recognise  the  peculiar  qualities  of  the  different  nerves  of  sensation, 
1X1  addition  to  their  general  distinction  from  the  motor  nerves;  but 
we  ate  also  enabled  to  banish  for  ever  from  the  doctrines  of  physi- 
ology a  number  of  erroneous  notions  regarding  the  supposed  power 
of  the  nerves  to  perform  tlie  functions  of  each  other.  It  has  been 
long  known  that  blind  persons  cannot  recognise  colours  with  their 
^  fingers,  as  colours:  but  we  perceive  now  why  it  is  impossible  for 
them  to  do  so.  However  acute  the  sense  of  touch  in  the  finger  of 
the  blind  may  be  rendered  by  practice,  it  can  still  be  but  the  one 
sense  proper  to  the  nerves  of  the  fingers, — touch. 

The  facts  which  we  have  considered  afford  also  a  refutation  of 
opinions  still  current,  which  regard  it  as  possible  that  the  functions 
of  the  optic  and  olfactory  nerves,  when  they  are  absent,  can  be  per- 
formed by  the  nervus  trigeminus. 

Some  animals,  though  provided  with  eyes,— for  instance,  the  mole 
and  Proteus  anguinuSj — have  been  said  to  want  the  optic  nerves, 
the  sense  of  vision  being  then  placed  in  the  ophthalmic  branch  of  the 
fifth  nerve.  This  statement  has  arisen,  in  the  case  of  the  mole,  from 
inaccuracy  of  the  anatomical  examinations;  and  the  same  is  the  case 
probably  in  the  Proteus.  The  mole  has  an  uncommonly  small  optic 
nerve,  and  a  very  delicate  chiasma,  as  Dr.  Henle  has  shown  to  me. 
It  has  been  stated  that,  in  the  Cetacea,  the  office  of  the  olfactory 
nerve,  which,  according  to  Blamville,  Mayer,  and  Treviranus,  is 
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small  and  rudimentary,  ( TVcviranti*,  Biolof^ie,  v.  342,) 

by  the  nasal  branches  of  the  fifth  nerve.    How  slight  the 

'  this  conclusion  are,  is  evident,  when  we  consider  that  we 

ie  least  proof  that  the  Getacea  have  the  sense  of  smell. 

die  {Journal  de  Physiologie^  t  iv.  p.  169,)  imagined  that 

jnd  proof  of  the  olfactory  nerve  not  being  the  nerve  of 

of  this  sense  being  the  property  of  the  nasal  branch  of  the 

remarked  that,  after  the  olfactory  nerves  had  been  de- 

imals  were  still  sensible  to  acetic  acid,  ammonia,  oil  of 

nd  oil  of  dippel;  for,  when  these  substances  were  applied, 

d  their  nostrils  with  their  feet,  aifid  sneezed.   This  proves, 

bt*  remarks,  and  as  every  one  must  perceive,  that  the 

srves  are  the  nerves  of  the  sense  of  smell  only,  and  not 

nnmon  sensation;  for  all  the  substances  which  Magendie 

re*  excitants  of  the  common  sensibility  of  the  mucous 

of  the  nostrils,  derived  from  the  nasal  branches  of  the 

flesh  of  animals  excites  the  sensation  of  smell  only;  and 

lie  confesses,  that  a  piece  of  meat  enveloped  in  paper  and 

re  a  dog  in  which  the  olfactory  nerves  had  been  destroyed, 

ict  the  animal's  attention.     That  the  sense  of  smell  is 

len  the  olfactory  nerves  in  man  do  not  exist,  or  have  been 

s  shown  by  the  cases  related  by  Uudius,  Rolfink,  Mag- 

)ppert,  Balonus,  Loder,  and  Serres.t    Mery f  and  Berard, 

rary,  state  that  they  have  observed  persistence  of  the 

ill  with  induration  of  the  olfactory  nerves,  or  of  the  an- 

of  the  brain.     But  what  assurance  have  we  that  these 

s  have  not  confounded  the  sense  of  smell  with  the  com- 

lity  of  the  nose? 

3  of  taste  appears  never  to  arise  as  a  separate  nerve;  on 
,  its  fibres  seem  to  be  included  in  other  nerves,  probably 
igual  and  palatine  branches  of  the  fifth;  for  both  the 
tongue  are  endowed  with  the  sense  of  taste.  Cheese 
!h  the  palate  only,  is  distinctly  tasted.  Even  the  pharynx 
f  sensations  allied  to  taste,  namely,  those  of  nausea, 
ste  has  been  observed  in  cases  where  the  fifth  nerve  has 
Q  disease.§  Magendie  observed  the  same  efiect  after 
lingual  nerve;  and  the  experiments  of  Mayo,  and  those 
self  instituted  in  conjunction  with  Professor  Gurlt  and 
I,  were  attended  with  a  similar  result, 
regards  the  lingual  branch  of  the  fifth  as  a  mere  nerve 
sensation  or  touch,  and  the  glosso-pharyngeus  as  the 

unct.  primi  et  quinti  paris  in  01  fact.  Organo.    Magendie,  Journ.  t. 

Bschricht,  loc.  cit.  and  Backer,  Comment,  ad  Quest.  Physiol. 

Anat.  et  Chirurg.  par  Portal,  t.  iii.  p.  603.     Magendie^s  Joam.  t. 

m.  of  Pathol,  and  Therap.  toI.  i.,  and  Mr.  Bishop  in  the  Medical 
il,  1833. 

Sperimentali  sopra  i  Nervi.   Payia,  1834.^  An  account  of  Panisaa> 
18  given  by  Dr.  G.  Burrows,  in  the  16th  toI*  of  the  Med.  Gas. 
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nerve  of  taste.  It  appeared  to  him  that  taste  was  not  lost  after  divi- 
sion  of  the  lingual  branch  of  the  fifth.  The  animals  in  which  the 
experiment  was  performed,  tried  to  eat  bread,  milk,  and  meat,  with 
which  colocynth  and  quassia  had  been  mixed,  but  immediately  re- 
jected them;  while,  after  the  glosso-pharyngeus  had  been  divided, 
they  swallowed  even  bitter  substances. 

Recent  experiments,  however,  throw  doubts  upon  Panizza's 
theory. 

If  taste  really  remained  after  the  division  of  the  gustatory  nerve, 
it  might  be  due  to  the  palatine  branches  of  the  fifth.  In  experiments 
instituted  by  Gurlt,  Kornfeld,  and  myself,  the  sense  of  taste  remained 
quite  perceptibly  after  division  of  the  glosso-pharyngeal  nerve.  Ex- 
periments of  this  kind  are  attended  with  difficulty,  and  are  liable  to 
many  sources  of  error.  Horses  and  dogs,  if  hungry,  will  eat  food 
impregnated  with  the  most  bitter  matters,  even  when  all  their  nerves 
are  in  a  state  of  integrity.  It  is  not  from  the  circumstance  of  their 
eating  or  not  eating  what  is  bitter,  that  we  can  judge  of  the  presence 
or  absence  of  taste,  but  from  the  manner  in  which  they  eat  it.*  The 
results  of  Dr.  Alcock's  experiments  also,  as  well  as  those  of  Dr.  Reid, 
were  unfavourable  to  Panizza's  theory. 

Valentin  and  Wagner,  on  the  other  Imnd,  have  adopted  Panizza's 
opinion.  In  experiments  on  dogs,  Valentint  found  that  when  all 
the  fibres  of  the  glosso-pharyngeal  nerve,  its  pharyngeal  as  well  as 
its  lingual  branches^  were  divided  on  both  sides,  the  animals  showed 
no  sign  of  retaining  taste;  while  division  of  the  lingual  branch  of  the 
fifth  nerve  deprived  the  tongue  of  its  common  sensibility,  leaving  the 
sense  of  taste  unimpaired.  Valentin  also  confirms  the  statement  of 
Wagner,  (Froriep*s  Neiie  NoiizerijNo.  75,  p.  129,)  that  the  parts  of 
the  tongue  and  fauces  in  which  taste  resides,  correspond  with  the 
distribution  of  the  glosso-pharyngeal  nerve;  these  parts  are  the  pos- 
terior part  of  the  tongue  as  far  as  a  line  drawn  somewhat  in  front  of 
the  foramen  caecum,  its  margin,  and  the  under  surface  of  its  tip,  the 
soft  palate,  uvula,  and  arches  of  the  palate,  and  the  superior  part  of 
the  pharynx.  The  anterior  part  of  the  dorsum  of  the  tongue  is  very 
rarely  endowed  with  the  sense  of  taste.  In  further  support  of  the 
opinion  that  the  glosso-pharyngeal  is  the  nerve  of  taste,  Valentin 
refers  to  the  case  related  by  Mr.  Noble,  in  which,  one  side  of  the  face 
having  lost  its  sensibility,  apparently  from  some  disease  of  the  fifth 
nerve,  the  corresponding  side  of  the  tongue  had  also  lost  the  sense  of 
tonch,  but  had  preserved  that  of  taste.  (Aled.  Gazettty  vol.  xv.  p. 
120.)  A  precisely  similar  case  has  been  more  recently  observed  by 
Dr.  Vogt.  {Muiler^s  Jirchiv,  1840,  p.  72.)  In  other  cases,  where 
taste  has  been  lost,  together  with  the  sensibility  of  the  tongue,  and 
vhere  the  fifth  nerve  has  been  found  after  death  involved  in  some 
disease,  the  glosso-pharyngeal  having  apparently  escaped,  there  is 
no  proof,  Valentin  remarks,  that  the  part  of  the  central  organs  from 

*  See  Kornfeld,  De  functionibus  nenroram  lingue  experimenta.  Berol.  1896. 
f  Repertor.  1837,  p.  321;  and  his  more  recent  work  De  Fonctionibus  Nervorom 
p.  41,  and  116. 
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latter  nerve  arises,  has  not  been  the  seat  of  an  undisco- 
n. 

[Lial  branch  of  the  fifth  is  likewise  a  nerve  of  touch,  or 
msation;  the  tongue  derives  its  sense  of  touch  from  this 
From  the  glosso-pharyngeal.  The  division  of  the  lingual 
he  fifth  nerve  has  been  observed  both,  by  Magendie,  Des- 
id  myself  to  be  very  painful.  It  is  possible  that  there  are 
ments  for  taste  and  touch  associated  in  it.  The  chorda 
;  all  events,  may  be  looked  upon  as  destined  for  common 

ous  fibres  endowed  with  the  sense  of  taste  may  be  super- 
ry  different  nerves.  In  birds  the  nerve  of  taste  is  a  branch 
o-pharyngeal,  in  frogs  it  is  a  branch  of  the  vagus, 
eodie  (Joum,  de  PhysioL  iv.  309,)  asserts  that  he  has 
^  all  the  senses  annulled  by  the  division  of  the  trunk  of 
rve  within  the  cranium.  The  loss  of  vision  he  inferred 
limal  not  noticing  the  light  of  a  lamp.  But  rabbits  are 
not  affected  by  light,  even  when  the  fifth  nerve  is  not 
d  M.  Magendie  himself  confesses  that,  when  the  light  of 
H  allowed  to  break  in  where  lights  had  been  previously 
le  eyelids  of  the  animal  closed;  and  this  was  seen  still 
ctly  when  the  light  was  thrown  into  the  eye  through  a 
lagendie  demonstrates  by  experiment  on  animals  what 
no  well  from  the  observation  of  diseases  in  man,  namely, 
the  optic  nerve  is  paralysed,  its  function— the  perception 
not  performed  by  the  fifth;  but  he  is  of  opinion  that  the 
ast  an  auxiliary  to  the  optic  nerve,  and  necessary  for  the 
lance  of  the  visual  function.  M.  Magendie  believes  also 
n  is  necessary  for  hearing. 

imstance  of  an  animal  not  being  susceptible  of  other  im- 
nmediately  after  the  division  of  so  large  a  nerve  as  the 
I  nothing  more  than  that  it  has  suffered  a  serious  injury, 
n  fact,  that  the  division  of  large  nerves, — for  ii>stance,  of 
rve, — gives  rise  to  serious  symptoms.  According  to  my 
fth  nerve  has  no  influence  eitiier  on  vision,  hearing,  or 
in  epileptic  patient,  in  whom  there  was  inflammation  of 
1  opacity  of  the  cornea  on  the  right  side,  with  loss  of 
subsequently  insensibility  of  the  eyelids,  nose,  and  tongue 
3  side,  deafness  of  the  right  ear,  and  a  scorbutic  state  of 
I.  Serres  found  the  portio  major  of  the  fifth  nerve  in  a 
te  as  far  back  as  the  pons  Varolii,  (Magendie^s  Jonm. 
•here  blindness  was  the  consequence  of  the  opacity  of  the 
1  the  other  affections  of  the  senses,  as  well  as  the  convul- 
right  side  of  the  body,  are  accounted  for  by  the  diseased 
brain.  The  inferences  which  have  been  drawn  from  this 
^reover  shown  to  be  completely  groundless  by  another 
ase  of  the  whole  trunk  of  the  fifth,  in  which  there  was 
of  the  entire  left  side  of  the  head,  of  the  nose,  tongue, 
rhile  vision  remained  perfect.  {MiiUer^s  Jlrchiv.  fur 
Physiol  1834,  p.  132.) 
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CHAPTER  II. 

OF  THE  PECULIAR  PROPERTIES  OF  OTHER  NERVES. 

Of  the  Nerves  of  the  Eye. 

We  are  ignorant  as  to  whether  the  third,  fourth,  and  sixth  nerves 
have  sensibility,  in  addition  to  their  motor  power.  Desmouiins  as- 
serts that,  when  they  are  stretched  or  pinched,  no  pain  is  produced; 
but  it  is  difficult  to  determine  this  with  regard  to  such  small  nerves, 
particularly  after  the  violence  that  is  necessarily  done  to  the  animal 
io  laying  them  bare. 

The  third  nerve  supplies  the  levator  palpebrss  muscle,  thesuperior, 
inferior,  and  internal  recti,  and  the  inferior  oblique;  and  from  its 
branch  to  the  latter  muscle  the  ciliary  or  lenticular  ganglion  derives 
its  shoh  root,  while  the  long  root  of  this  ganglion  is  supplied  by  the 
nasal  branch  of  the  fifth  nerve,  and  contains  a  filament  from  the 
cavernous  plexus  of  the  sympathetic. 

The  influence  of  the  third  nerve  and  that  of  the  nasal  nerve  on 
the  iris  deserve  a  special  consideration.  Desmouiins  relates  that, 
according  to  the  experiments  of  Fowler,  Reinhold,  and  Nysten,  the 
application  of  galvanism  to  the  third  nerve  causes  a  contraction  of 
the  iris.  The  excellent  inquiries  of  Mr.  Mayo  have  shown  that  the 
motions  of  the  iris  are  regulated  by  the  third  nerve  through  the  me- 
dium of  the  short  root  of  the  ciliary  ganglion,  and  that  they  are  in  no 
way  influenced  by  the  long  root  of  ttiis  ganglion  derived  from  the 
DRsal  branch  of  tbe  fifth. 

The  following  are  the  results  of  his  experiments  on  thirty  living 
pigeons,  in  which  birds  M.Muck  has  shown  that  the  ganglion  ciliare 
has  two  roots,  one  from  the  third,  the  other  from  the  fifth  nerve. 

1.  When  the  optic  nerves  are  divided  in  the  cranial  cavity  of  a 
living  pigeon,  the  pupils  become  fully  dilated,  and  do  not  contract 
on  the  admission  of  intense  light.  Magendie  also  observed  dilatation 
of  the  pupil,  and  immobility  of  the  iris,  as  a  consequence  of  division 
of  the  optic  nerve  in  dogs  and  cats;  while  the  pupil  became  con- 
tracted, and  the  iris  immovable,  when  the  same  experiment  was 
performed  on  rabbits  and  guinea-pigs. 

2.  When  the  third  nerves  are  divided  in  the  cranial  cavity  of  a 
living  pigeon,  the  same  result  ensues;  in  both  these  cases  the  surface 
of  the  eyeball  retains  its  feeling. 

3.  When  the  fifth  nerve  has  been  divided  on  one  side  in  the  cra- 
nial cavity  of  a  living  pigeon,  the  iris  on  that  side  contracts  as  usual 
on  the  admission  of  light,  but  the  surface  of  the  eyeball  appears  to 
have  lost  its  feeling  (which  it  derived  from  the  twigs  of  the  ophthalmic 
branch  of  the  fifth). 

4.  When  the  optic  nerves  are  pinched  in  the  cranial  cavity  of  a 
living  pigeon,  or  immediately  after  its  decapitation,  the  pupils  are 
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for  kn  instant  on  each  injury  of  the  nerrea.    A  pheno* 
lerred  by  Flourens  also. 

n  the  third  nerves  are  irritated  in  the  living  or  dead  bird, 
U  ensues. 

n  the  fifth  nerve  is  similarly  irritated  in  the  dead  bird,  no 
f  the  pupil  is  observed. 

n  the  optic  nerves  have  been  divided  within  the  cranial 
L  pigeon  immediately  after  its  decapitation,  if  the  portion 
ires  attached  to  the  eyes  be  pinched^  no  contraction  of  the 
es:  if  the  portion  adhering  to  the  brain  be  pinched,  a  like 
I  of  the  pupil  ensues,  as  if  the  opUc  nerves  had  not  been . 

previous  division  of  the  fiAh  nerves  in  the  preceding  ez- 
Toduces  no  difference  in  the  result. 
a  the  third  nerves  have  been  divided  in  the  cranial  cavity 
*g  or  dead  bird,  no  change  in  the  pnpil  ensues  on  irritating 
or  divided  optic  nerves.  {Mayors  ^nat.  and  Physiol. 
trieSf  1623,  pt.  ii.  p.  4.) 

ese  experiments  we  may  with  confidence  conclude  that  the 
er  of  the  ciliary  ganglion  and  the  ciliary  nerve  is  derived 
lird  nerve,  and  that  the  light  does  not  cause  the  contrac- 
pupil  by  acting  directly  upon  the  ciliary  nerves;  but  that 
>n  of  the  retina  and  optic  nerve  acts  inuBediately  upon,  the 
from  the  brain  is  reflected  upon  the  third  nerve  and  the 
r  root  of  the  ciliary  ganglion. 

fe  have  voluntary  power  over  the  motions  of  the  iris;  in 
Is,  whenever  the  third  nerve  is  excited  to  action  by  voli- 
18  contracts.  Now,  in  looking  at  near  objects,  the  axes  of 
e  made  to  converge, — the  eyes  are  turned  inwards;  and 
m  we  direct  our  eyes  to  near  objects,  the  pupil  becomes 
racted,  but  dilates  when  we  look  at  distant  objects.  The 
mes  very  narrow  in  birds  when  we  approach  them,  and 
ie  agitated;  but  the  motions  of  the  iris  are  not  really  more 
he  will  in  them  than  in  man. 

however,  the  branch  of  the  third  which  goes  to  the  in- 

is  muscle  only  that  has  this  sympathetic  influence  over  the 

branches,  more  especially  that  which  supplies  the  inferior 

iscle,  have  the  same  power.    The  inferior  oblique  muscle 

eye  so  as  to  carry  the  pupil  upwards  and  inwards:  if  this 

is  executed  voluntarily,  the  pupil  becomes  much  con- 

^he  eye  takes  this  position  involuntarily  when  sleep  is 

in  sleep  itself,  in  the  state  of  intoxication,  and  in  hysterical 

nee  we  find  the  pupil  contracted  during  sleep. 

tracted  pupil  of  sleep  can,  however,  be  made  to  contract 

according  to  the  observation  of  Mr.  Hawkins,  {Mayo^M 

tries,  pt.  ii.  p.  6,)  by  the  admission  of  intense  lighu     At  the 

waking,  the  pupil,  after  a  few  irregular  contractions,  as* 

isual  degree  of  dilatation. 

*d  nerve  seems  to  determine  only  that  movement  of  the 
produces  contraction  of  the  pupil.     There  are  many  cir- 

50* 
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dimateiiCQSy  however,  .which  render  it  probabte  that  the  dilatation 
also  of  the  pupil  is  an  active  state,  ahd  Valentin  {De  fkinetionibuM 
Ukrvorum^  p.  107-1  IS,)  laboars  to  prove  that  it  is  a  muscolar  move- 
ment, regnlated  by  motor  fibres  of  the  superior  cervical  nerves. 

The  indaence  of  the  third  nerve,  as  well  as  of  the  vagus  and  sym- 
pathetic, over  the  movements  of  the  iris,  is  occasionally  rendered 
manifest  by  disease  in  the  human  subject.  A  case  in  the  Medical 
Oaxeiiif  for  Sept.  1638,  p.  1((,  referred  to  by  Dr.  Reid,  and  another, 
observed  by  Andral  (CUnigen  Med.  tom.  v.  p.  135^)  and  quoted  by 
Valentin,  illustrates  the  action  of  the  latter  nerves  on  the  iris.  The 
aswdatioD  of  paralysis  of  the  third  nerve,  with  the  absence  of  pov^r 
in  the  iris  to  contract  the  pupil,  was  well  exemplified  in  a  man  re* 
osDtly  tinder  t)ie •care  of  Dr.  Latham  and  Dr.  Burrows  at  St.  fiarthoto- 
me  w's  Hospital.  In  this  case  complete^  or  nearly  complete,  paraljrns 
of  the  levator  palpebne,  of  the  ofoliquus  inferior,  and  of  all  the  recti 
muscles,  with  the  exception  of  the  rectus  extemus,  was  accompanied 
by  a  slightly  dilated  and  perfioctly  fixed  ^tate  of  the  pupil  of  the  same 
eye.  The  strongest  light  did  not  cause  the  pupil  to  contract,  although 
the  retina  and  optic  nerve  seetned  to  be  sound.  The  slight  impair* 
ment  of  vision  which  was  observed,  was  apparently  dependent  on. 
the  eye  having  lost  its  power  of  adaptation  to  distances;  for  whilst 
the  patient  could  not  distinguish  well  «mall  and  near  objects,  his  per- 
oeptidn  of  larger  objects,  at  the  distance  of  a  few  feet,  was  as  perfect 
with  the  paratjHMd'as  with  the  sound  eye.  And  since  the  changes 
in  the  eye  by  which  it  adapts  itself  to  the  vision  of  near  objects  are 
evidently  todnected  by  association  with  the  .action  of  mnscles  sop- 
plied  by  the  third  nerve,  and  with  the  9ct  of  contraction  of  the  pupil,- 
the  loss  of  the  power  of  adaptation  in  the  above  case  was  a  drcum- 
slance  of  interest  It  was  remarkable  that  the  application  of  bell»» 
donAa  to  the  eycfbrow  caused  greatly  increased  dilatation  of  the 
pupil. 

The  facts  drawn  from  eomparative  anatomy  are  generally  con- 
firmatory of  the  foregoing  physiological  results.  The  ciliary  nerves 
are  constantly  supplied  from  the  third  nerve  and  nasal  branch  of  the 
fifth. 

The  fifth  ntrve. 

In  the  section  on  the  sensitive  and  motor  nerves,  we  have  spoken 
of  the  sensitive  and  motor  portions  of  this  nerve,  and  have  shown 
that  its  first  and  second  divisions  are,  in  the  human  subject,  sensitive 
onlv;  that  the  branches  of  the  third  division,  which  is  composed  of 
both  motor  and  sensitive  portions,  are  in  part  motor,  in  pari  sensitive. 
This  important  nerve,  to  which  the  anterior  and  lateral  parts  of  the 
bead,  and  the  cephalic  tracts  of  the  mucous  membranes  (tlie  mucous 
membranes  of  the  mouth  and  nose,  and  the  conjunctiva)  owe  their 
sensibility,  and  the  muscles  of  mastication  their  motor  power,  com- 
municates-by  each  of  its  principal  divisions  with  the  sympathetic 
nerve;  and  its  branches  probably  receive,  through  the  medium  of 
these  Communications,  organic  fibres  from  the  sympathetic. 
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^  facial  nerve^  or  portio  duta  of  the  seventh. 

h  the  facial  nerve  contains  a  certain  proportion  of  seosi- 
yet  it  is  the  principal  motor  nerve  of  the  face:  its  sphere 
Ktends  to  all  the  muscles  of  the  face,  those  of  the  ear,  and 
)-frontalis  muscle;  besides  several  other  muscles,  namely, 
or  belly  of  the  digastricus,  the  stylo-hyoideus,  and  the 
muscle  of  the  neck.  Hence  it  is  the  nerve  of  expression, 
,e  respiratory  muscle  of  the  face,  since  it  is  sympathecicalty 
all  violent  or  laboured  respiratory  movements. 
ure  of  the  connection  of  the  facial  and  lingual  branch 
h  nerve  in  man  and  Mammalia  by  means  of  the  chorda 
s  not  all  understood. 

The  glossO'pharyngeal  nerve. 

3  already  considered  the  properties  of  this  nerve  with  re* 
motion  and  common  sensation.  It  supplies  the  posterior 
dorsum  of  the  tongue,  the  papillae  vallatae,  the  tonsils,  and 
X.  Whether  it  also  supplies  fibres  for  the  sense  of  taste, 
er  of  doubt.  The  circumstance  that  the  gustatory  nerve 
id  some  Amphibia  is  a  branch  of  the  glosso-pharyngeal, 
r  of  such  beiug  the  case.  In  the  frog,  the  gustatory  nerve 
I  of  the  vagus.  We  do  not  know,  indeed,  how  far  the 
ste  extends.  The  sensations  of  disgust  or  nausea,  which 
principal  seat  in  the  pharynx,  are,  in  a  great  measure, 
he  sensations  of  taste;  and,  with  regard  to  these  sensations 
it  is  doubtful  whether  they  are  seated  in  the  pharyngeal 
the  vagus,  or  in  the  glosso  pharyngeal  nerve.  See  page 
!  observations  of  Valentin  and  Wagner,  tending  to  prove 
)sso-pharyngeal  is  the  true  nerve  of  taste,  are  mentioned, 
ipanic  branch  of  the  glosso-pharyngeal  nerve  ought  pro-?' 
I  regarded  as  a  filament  sent  from  the  sympathetic  to  this 


Nervtis  vagus. 

xed  nerve,  which  acquires  its  motor  influence  in  a  great 
robably  by  its  connection  with  the  inner  portion  of  the 
ssory,  is  constant  in  its  distribution  to  the  organs  of  voice 
ttion,  and  to  the  pharynx,  oesophagus,  and  stomach, 
agus  depend  the  sensations  of  hunger  and  satiety,  and  all 
i  feelings  which  accompany  respiration  in  health  and  dis- 
let*  has  observed,  that  the  sensation  of  hunger  was  no 
after  the  vagus  was  divided.  In  a  monster,  of  which  the 
horax  were  double^  and  the  abdomen  single,  drink  given 
half  did  not  satisfy  the  thirst  of  the  other,  probably  on 
the  stomach  being  double. 

pis  nerve  contains  many  organic  fibres  derived  from  the 
ic,  which  attach  themselves  in  part  to  the  trunk  of  the 
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vagus,  and  in  part  to  ita  branches.  To  these  superadded  organic 
fibres  the  vagus  prol)abl7  owes  its  organic  chemical  influence. 
'  The  chemical  process  of  respiration^,  and  the  secretion  of  mucus 
in  the  lungSi  are  probably  in  part  dependent  on  the  influence  of  ihifi 
iierve;  at  all  events,  the  division  of  the  vagiis  in  the  neck  is  followed 
bf  the  effusion  of  bloody  fluid  in  the  lungs;  and,  although  the  chemi- 
cal process  of  respiration  is  at  first  not  essentially  disturbed,  yet  the 
animals  die  a  few  days  after  the  operation,— birds  live  at  most  but 
fire  or  eight  days.  [With  reference  to  (be  caiise  of  death  after  di vbion 
of  the  vagi  nerves,  see  page  337.] 

The  secretion  of  the  gastric  juice  also  is  subject  to  the  organic  in- 
fluence of  the  vagus.  The  division  of  the  vagus  in  the  neck  does 
not  completely  arrest  the  secretion  of  the  gastric  juice,  but  causes  it 
to  go  on  less  actively;  the  effect  on  digestion  is  the  same;  in  birds, 
which  live  longer  than  Mammalia  after  the  operation,  digestion  is 
distinctly  peiformed,  but  much  more  slowly  thaii  before.  The  cir- 
cumstance of  the  chemical  processes  in  the  lungs  and  stomach  not 
being  immediately  quite  arrested,  is,  sufficiently  expltiined  by  the 
anatomical  fact,  that  the  vagus  receives  organic  fibres,  not  mcfrely  at 
the  upper  part  of  its  trunk,  but  at  its  lower  part  also,  having  there 
numerous  connections  with  the  sympathetic  nerve,  the  influence  of 
which  cannot  be  cut  off  by  the  division  of  the  vagus  in  the  neck. 
The  secretion  of  mucus  in  the  respilratory  organs  appears  to  be  in  all 
parts  under  the  influence  of  the  organic  fibres  superadded  to  the 
▼ap[us;  and  therefore  it  is,  probably,  that  the  recurrent  nerve,  at  the 

Sunt  where  it  makes  its  turn,  receives  so  many  large  communicating 
ainents  from  the  sympathetic. 

The  division  of  the  varas  ou  both  sides  does  not  arrest  the  ab- 
sorption of  fluids,  or  of  foreign  matters  mixed  with  them,  such  as 
poisons,  &C.  from  the  stomach.  The  division  of  the  vagus  on  both 
sides  is  fatal  in  very  few  days;  but  the  division  of  one  vagus  nerve 
only  is  not  fatal,  nor  indeed  of  both,  if  sufficient  time  have  elapsed 
before  the  division  of  the  second  for  the  first  to  have  become  entirely 
reunited. 

Ntrvtis  €tccessarius  WiUiaiu 

The  relation  of  this  nerve  to  the  vagus,  in  respect  of  the  motor 
po*wer  of  the  latter,  we  have  already  discussed.  The  sphere  of 
action  of  the  spinal  accessory  in  Mammalia,^of  that  part  of  if, 
namely,  which  does  not  unite  with  the  vagus,— includes  the  sterno- 
masfoid  and  trapezius  nmscles.  The  cause  of  the  singular  origin 
and  course  of  this  nerve  is  not  well  known.  Perhaps  it  is  that  the 
pharyngeal  branch  given  off  from  the  vagus  immediately  after  its 
exit  from  the  skulU  may  receive  fibres  from  nearly  the  entire 
eervical  portion  of  the  spinal  cord.  There  are  other  nerves  also 
which  have  an  origin  of  great  extent;  for  example,  the  ramus 
desoendens  noni  arises  from  the  hypoglossal  nerve,  and  from  the 
upper  cervical  nerves.  *  The  only  difference  between  such  cases 
and  that  of  the  spinal  accessory  is,  that  the  latter  nerve  is  formed 
withie  the  spinal  coiumn,  while  other  nerves  do  not  receive  the 
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»res  composing  them  until  after  their  escape  from  the 

TTie  hypoglossal  or  ninth  nerve, 

ion  of  this  nerve  in  the  cerebro-«pinal  system  has  been 
)rmined.  It  is  essentially  motor,  but  has  likewise  some 
)res.  In  some  Mammalia,  according  to  Mayer'^s  dia- 
ls a  delicate  posterior  root  with  a  ganglion.  It  is  the 
!  of  the  tongue,  and  of  the  large  muscles  of  the  neck. 
\  the  larynx. 

1U8  reviewed  the  varieties  in  the  origin  and  distribution 
ral  nerves'  in  different  classes  of  animals,  we  will  now 
far  it  is  possible  to  reduce  them  to  a  fundamental  type. 
)ich  must  guide  us  here  is  that  first  announced  by  Meckel* 
on  of  these  nerves  into  primitive  and  derivative.  The 
•e  the  three  nerves  of  special  sense, — the  olfactory,  optic, 
J,  and  the  mixed  or  double-rooted  cerebral  nerves,  which 
after  the  type  of  the  spinal  nerves,  and  which  may  be 
cephalo-vertebral  nerves.  The  derivative  nerves  are 
produced  by  the  separation  of  a  part  of  the  fibres  from  the 
imitive  cerebral  nerve,  or  as  may  become  entirely  united 
>stance  of  other,  cephalo-vertebral,  nerves.  Meckel  has 
ied  out  this  idea,  which,  as  a  general  principle,  is  correct, 
cnade  a  better  application  of  it.  He  admits  the  existence 
bral  nerves  of  the  head,  of  which  the  first  is  the  fifth,  with 
f  the  muscles  of  the  orbit  and  the  facial  nerve,  which  he 
elonging  to  the  motor  portion  of  the  fifth.  The  second 
rve  of  the  head  is  formed,  according  to  Arnold,  by  the 
.1  accessory,  glosso-pharyngeal,  and  hypoglossal.*  Ac- 
ny  view,  there  are  three  vertebral  nerves  of  the  head, 
are  three  cranial  vertebrae.  The  first  is  the  fifth  nerve; 
the  vagus,  with  the  glosso-pharyngeal  and  accessory 
the  third,  the  hypoglossal.  The  nerves  of  the  orbital 
third,  fourth,  and  sixth,  are  derivative  nerves,  and  are 
ed  as  the  motor  portion  of  the  first  division  of  the  fiftbi 
;ea,  the  first  division  of  the  fifth  gives  branches  to  the 
le  orbit,  the  ordinary  nerves  of  these  muscles  being  also 
the  frog,  the  sixth  nerve  becomes  united  with  the  Gas- 
ion:  here,  therefore,  the  fifth  gives  branches  to  the  orbital 
I  the  Petromyzon,  one  of  the  three  muscular  nerves  of 
obably  the  sixth — is  wanting;  and  here,  also,  the  fifth 
les  to  the  muscles  of  the  orbit.  The  facial  nerve  is  cer- 
vative  nerve,  and  resembles  very  much  a  motor  portion 
for,  in  the  osseous  fishes,  it  unites  into  one  cord  with  this 
IS  Serres  supposed,  forms  its  opercular  branch.  In  the 
associates  itself  to  the  fifth.  But  the  facial  has  an  equally 
n  to  the  vagus;  in  man  and  Mammalia  it  is  connected 
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vith  branches  both  of  the  fifth  and  of  the  vagas.  In  serpents  and 
lizards  it  gives  a  communicating  branch  to  the  vagus.  In  the  frog, 
also,  after  being  connected  with  the  fifth,  it  becomes  united  with  a 
branch  of  the  vagus, — the  jugular  branch.  The  facial  nerve  in  the 
lamprey  (Petromyzon)  forms,  together  with  the  vagus,  the  nervus 
lateralis,  which  in  osseous  fishes  is  frequently  formed  by  the  fifth  and 
the  vagus. 

The  second  vetebral  nerve  of  the  head  comprehends  the  vagns, 
glosso-pharyngeus,  and  nervus  accessorius.  The  vagus  is  in  greater 
part,  but  not  wholly,  sensitive  [see  page  521,  et  seq.];  the  spinal 
accessory,  in  greater  part,  but  not  wholly,  motor;  the  glosso-pharyn- 
geal  nerve,  equally  sensitive  and  motor.     [  ?  See  page  521.] 

The  third  vertebral  nerve  of  the  cranium  is  formed  by  the  hypo- 
glossal nerve  alone.  In  the  myxinoid  fishes  there  is  the  nearest 
approach  to  the  simple  type  of  the  vertebral  nerves.  The  facial  is 
in  them  the  only  derivative  nerve. 


SECTION  V. 
OF   THE   CBNTaAL   ORGANS   OF   THE   BERVOUS   SYSTEM. 

CHAPTER  I. 
The  ceniral  organs  qf  the  nervotis  system  considered  generally. 

Functions  of  the  central  organs  of  the  nervous  system. — The 
activity  of  all  the  functions  of  the  nerves  is  determined  by  the  central 
organs,  partly  under  the  influence  of  the  mind,  and  partly  independ- 
ently of  this  influence.  The  central  organs  form  the  connecting 
medium  between  all  tbe  nerves,  or  conductors  of  nervous  influence. 
They  act  as  excitors,  or  motors  of  nervous  action,  in  determining  the 
motor  nerves  to  the  production  of  contraction  in  muscles;  and  in  this 
their  action  may  be  automatic,  or  voluntary,  as  the  consequence  of 
incitements  of  the  sensorium  commune  seated  in  them;  when  auto- 
matic, their  action  may  be  either  constant  or  intermittent.  (Moreover, 
the  central  organs  have  the  power  either  of  reflecting  the  centripetal 
actions  of  sensitive  nerves  upon  motor  nerves,  or  of  communicating 
them  to  the  sensorium  commune,  the  seat  of  consciousness.^  By  the 
central  organs,  too,  the  organic  actions  of  the  nerves  are  maintained 
in  unimpaired  power;  by  them  the  nervous  principle  is  constantly 
generated  and  regenerated;  and  without  them  the  power  and  excita- 
bility of  the  nerves  as  conductors  of  nervous  action  cannot  be  long 
preserved.  This  is  the  general  definition  of  the  relation  in  which 
the  brain  and  spinal  cord  stand  to  the  nerves.  The  correctness  of 
this  definition  is  readily  proved  by  reference  to  facts  already  de- 
tailed. 

1.  The  central  organs  connect  all  the  nerves  into  one  system. — 
To  this  even  the  sympathetic  nerves  do  not  form  an  exception;  for. 


'W     I        J  t|ii^»^"^ffii     W  ^P^^^PI^F'^^F'^W^^^r'^i' "      ^        ^P    li   ■       I  J^WM^TK^^W 


THE  MOTOR  UfVLUEHCX.  698 

shown  in  the  preceding  section,  they  are  connected  at 
points  with  the  central  organs  by  fibres  passing  from  the 
Kber.  The  only  difference  between  the  cerebro-spiual 
the  organic  nerves,  in  their  relation  to  the  central  organs, 
former  issue  much  more  directly  from  them;  while  the 
ires,  although  their  fibres  are  in  company  with  the  cere* 
aerves  brought  into  communication  with  the  brain  and 
y  nevertheless  have  subordinate  central  organs  in  their 
I  plexuses,  from  which  the  organic  nervous  influence 
iiately  emanates;  still,  however,  the  action  of  this  organic 
lot  be  long  maintained  when  cut  off  from  its  commimica-!> 
e  brain  and  spinal  cord. 
ntral  organs  are  the  excitors  oftht  motor  ntrvta  which   > 

motor  influence  qf  the  nervoits  principle  to  the  muS" 
motor  influence  may  be  con^Liant,  as  we  see  in  the  case 
cters,  the  action  of  which  is  put  an  end  to  by  injuries  of 
organs;  secondly,  it  may  be  evidenced  in  intermittent 
lovements,  such  as  those  of  respiration,  which  are  de-        \    / 

the  medulla  oblongata;  and,  thirdly,  this  motor  influ*        / 
me  voluntarily  from  the  sensprium  c(}£imiin6.of  the.M 
this  sensorium  commune  being  subject  to  the  spontaneous     •  '   , 
le  mind. 

)r  nerves  are  affected  by  this  motor  influence  in  two 
erves  of  one  class  act  as  mere  conductors  of  it.  They 
it  is  true,  charged  as  it  were  with  motive  power,  and  can 
exert  a  motor  action  by  being  merely  mechanically  irri- 
1  the  normal  state  they  do  not  exert  this  power  sponta- 
,  only  when  excited  by  the  central  organs;  these  are  the 
8  of  the  cerebro-spinal  system.    The  nerves  of  the  other 

are  quite  withdrawn  from  the  influence  of  the  senso- 
une,  as  far  as  regards  voluntary  actions,  are  likewise 
)eing  excited  to  constant  or  periodical  action  by  the  cen- 
but  they  present  the  peculiarity  of  affording  independent 
f  nervous  influence,  although,  after  a  time,  communi- 
the  central  organs  is  found  to  be  necessary  for  the  repro- 
heir  nervous  power:  such  are  the  sympathetic  nerves 
to  their  motor  actions.  The  parts  which  are  subject  to 
etic  nerve,  as  the  heart  and  intestinal  canal,  continue  to 
ntaneously,  even  when  all  communication  with  the  cen- 
8  cut  off;  but  the  force  and  duration  of  their  contractions 
spendent  on  the  communication  of  these  nerves  with  the 
inal  cord.    During  temporary  fatigue,  as  well  as  during 

ensues  after  the  daily  action  of  the  nervous  system, 
e  of  the  central  organs  on  the  peripheral  parts  of  the 
vered;  but  this  transitory  altered  state  of  the  brain  and 
is  not  adequate  to  indnce  an  essential  change  in  the 
parts  subject  to  the  sympathetic  system.  It  is  only 
;ate  of  exhaustion  of  the  central  organs  becomes  more 
hen  their  integrity  is  essentially  impaired,  that  the  mo- 
:ed  by  the  sympathetic  nerves  become  paralysed. 
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It  must  not  be  imagined  that  daring  the  state  of  fatigue  of  the 
central  organs  which  returns  every  twenty-four  hours,  and  during 
sleep,  the  brain  and  spinal  cord  become  wholly  inactive.  The  state 
of  fatigue  is  certainly  general,  but  the  sensoritim  commune,  that 
part  of  the  brain  on  which  the  mind  acts,  is  alone  reduced  to  a  state 
of  especial  inaction;  the  voluntary  movements  only  are  wholly  ar- 
rested during  sleep.  The  action  of  all  other  parts  of  the  brain  and 
qpinal  cord  is  maintained  as  at  other  times.  This  is  evident  from 
the  sphincters  continuing  to  act,  and  from  the  persistence  of  the 
rhythmic  movem'ents  of  respiration,  both  of  which  $ets  of  motions 
are  dependent  on  true  cerebro-spinal  nerves.  Certain  muscles, 
therefore,  although  supplied  by  cerebro-spinal  nerves,  continue  to 
act  even  during  sleep;  the  sphincters  are  always  closed,  and  the  eye 
is  always  turned  upwards  and  inwards,  and  the  iris  contracted,  so 
that  the  pupil  is  narrow;  the  mouth,  too,  is  usually  closed  during 
sleep.  In  short,  we  see  that,  even  in  sleep,  the  whole  motor  ap- 
paratus of  the  central  organs,  of  the  brain  as  well  as  of  the  spinal 
cord,  is  in  an  active  state,  and  that  merely  the  voluntary  excitation 
of  this  apparatus  is  absent  owing  to  inactivity  of  the  sensorium 
commune.  We  must,  therefore,  suppose  that  during  sleep  the  in- 
fluence of  the  central  organs  upon  the  sympathetic  nerve  is  inter- 
rupted, for  otherwise  the  power  of  that  nerve  to  maintain  certain 
movements  would  immediately  begin  to  fail,  as  is  distinctly  seen  to 
be  the  case  in  apoplexy,  in  syncope  arising  from  affection  of  the 
central  organs,  and  in  the  experiment  of  artificially  destroying  the 
spinal  cord. 

3.  lmpre88ion9  conveyed  by  the  sensitive  nerves  to  the  central  organs 
are  either  rejected  by  tnem  upon  the  origin  of  the  motor  nerves^  unthoui 
giving  rise  to  true  sensations^  or  are  conducted  to  the  sensorium  com-* 
munCf  the  seat  of  consciousness. — In  the  first  case,  the  centripetal 
actions  of  the  sensitive  nerves  merely  excite  the  motor  apparatus  of 
the  central  organs,  which  has  its  seat  principally  in  the  spinal  cord, 
but  of  which  there  are  also  ramifications  in  the  brain;  in  the  second 
case,  the  sensitive  impressions  are  conducted  to  a  particular  part  of 
the  central  organs  without  exciting  reflex  movements,  and  are  taken 
cognisance  of  in  the  sensorium  commune  by  the  mind.  Since  the 
phenomena  of  reflection  are  not^dependent  on  the  sensorium  conir 
mune,  but  on  the  motor  apparatus  of  the  central  organs,  and  since 
this  apparatus  continues  in  activity  during  sleep,  these  motions  take 
place  then  as  well  as  in  the  waking  state;  as  is  proved  by  cough 
from  irritation  of  the  trachea,  and  many  other  phenomena  which 
occur  during  sleep. 

4.  TTie  organic  functions  of  the  nerves  are  maintained  in  tmtm- 
paired  force  by  the  central  organs  of  the  nervous  system, — In  this 
respect  the  same  relation  prevails  between  the  sympathetic  nerve 
and  the  central  organs  as  with  reference  to  the  motions  of  parts  sub- 
ject to  the  sympathetic.  The  action  of  the  organic  nerves  in  regu- 
lating nutrition  and  secretion  is,  in  a  certain  degree,  independent 
The  nutrition  of  the  embryo  proceeds,  even  to  the  full  period, 
though  the  spinal  cord  and  brain  be  destroyed  by  disease  (see  page 


VOKMATIOBr  or  THS  HBETOUS  CXHTmSSw  601 

isult  also  Eaehrichty  JMuiler^s  ^rchiv.  1884,  p.  868.)    la 
indeed,  monsters  consisting  merely  of  a  part  of  tlie  body^ 
or  an  extremity,  for  instance^ — in  which  no  heart  even 
ed,  have,  nevertheless,  been  nourished;  the  blood  being 
>  it  by  branches  of  the  umbilical  vessels,  and  propelled 
by  the  heart  of  another  perfect  embryo.    But,  in  the 
lion  often  suffers,  although  not  always,  in  parts  para- 
disease  of  the  brain  or  spinal  cord;  the  paralysed  parts 
rone  to  gangrene  when  ir\jured;  and  in  violent  acute 
'  the  central  organs,  with  a  depressed  state  of  their  func- 
ene  frequently  arises  spontaneously  in  individual  parts  of 
Jn  the  later  stages  of  tabes  dorsalis,  the  tissue  of  the 
ts  erectile  power,  and  the  generative  fkculty  is  lost 
ertfous  principle  is  generated  and  regenerated  in  the 
ms, — This  is  proved  by  the  experiments  instituted  by 
Dr.  Sticker,  which  show  that  the  nerves  of  a  limb  whea 
mication  with  the  central  organs  is  cutoff,  although  for'     \,  C 
possess  motor  power,  yet,  if  they  do  not  become  reunited 
roximal  portion,  lose,  after  a  few  months,  all  their  ezcita- 
r  property  of  exciting  motions  when  irritated  mechani- 
galvanism;  a  result  from  which  we  must  conclude  that 
communication  of  the  nerves  with  the  central  organs  is 
r  the  maintenance  of  the  nervous  power  of  the  former, 
e  central  organs  still  retain  their  power,  when  their 
ire  lost  to  them.    The  maintenance  of  the  excitability  in 
loes  not,  however,  depend  solely  on  the  continuance  of  ^ 
)  of  the  central  organs  upon  them,  but  alspiipon  their        •' 
\    If  a  nerve  remains  for  a  considerable  time  in  an  inac- 
t  gradually  loses  its  capability  of  action.     There  are 
ss  in  the  human  body  over  which  most  persons  have  no 
g  to  their  not  having  used  them;^  when  the  eye  is  affected 
iss,  the  optic  nerve  becomes  atrophied  from  the  retina  to 
Magendie  has  observed  this  atrophy  of  the  nerve  ensue 
few  months  after  the  artificial  destruction  of  vision, 
ration  of  animal  matter  which  is  endowed  with  life  into 
IS  and  other  parts  dependent  on  these  central  organs,  is 
of  all  animals;  but,  more  than  this,  the  tendency  to  this 
i  implanted  in  the  matter  of  the  germ  from  its  origin;  and 
lat  when  this  tendency  comes  into  operation,  the  whole 
of  the  germ  commences.    We  have  shown  at  page  47 
ity  that  all  animals,  even  those  apparently  the  most 
nerves  distinct  from  the  parts  the  action  of  which  is 
1  them;  and  wherever  the  nervous  system  is  susceptible 
il  examination,  we  find  it  in  its  turn  consist  of  certain 
ant  central  parts  and  their  conductors,  the  nerves.    In 
3f  the  higher  animals  this  insulation  of  parts  commences 
2;erminal  membrane;  the  portion  of  the  animal  matter 
lowed  with  the  powers  of  the  central  organs  collects  in 
'the  membrane,  while  the  parts  dependent  on  the  influ- 
)  central  organs  are  formed  around.   But  a  similar  separ 
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ration  and  aggregation  of  parts  goes  on  in  this  peripheral  portion  of 
the  new  being,  by  which  are  formed  the  nerves,  the  conductors  of 
the  nervous  principle,  and  the  tissues  to  which  they  communicate  the 
influence  of  the  central  organs. 

The  formation  of  the  central  organs  is  necessarily  attended  with 
the  formation  of  the  peripheral  parts;  and,  at  the  same  time  that  the 
nerves  are  formed  in  these  parts,  the  tissues,  which  are  vivified  by 
their  agency,  necessarily  assume  their  existence.  As  soon  as  this 
separation  between  central  organs  and  peripheral  parts  takes  place, 
the  brain  and  spinal  marrow  are  virtually  present;  neither  exists 
befofe  this.  The  formation  of  the  separate  regions  of  the  central 
./  organs  is  likewise  the  result  of  pro^re^ive  development  and  sepa- 
ration of  parts.  The  ^separation  of  the  peripheral  portion  of  the 
embryo  into  nerves  and  dependent  tissues  follows  the  same  law;  as 
soon  as  the  separation  commences,  the  whole  nerve  is  present,  the 
peripheral  extremity  of  the  nerve  not  being  first  formed,  and  the 
rest  of  it  progressively  towards  the  central  organs,  but  the  whole  of 
its  extent  simultaneously.  The  opposite  view,  which  was  adopted 
by  Serres,  {Anat.  Comp.  du  Cerveauy)  is  not  supported,  at  least,  by 
any  facts;  the  observations  which  have  been  adduced  in  its  support, 
have  not  been  found  correct  by  Baer,  whose  researches  on  the  de- 
velopment of  the  embryo  have  acquired  a  classical  value. 

In  vertebrate  animals,  the  spinal  cord  has  not  that  great  influence 
over  spontaneous  and  voluntary  motion  which  the  non-cerebral 
ganglia  of  the  nervous  system  in  invertebrate  animals  possess.  Even 
vertebrate  animals,  however,  after  decapitation,  execute  movements 
which  evince  a  certain  degree  of  harmony  and  adaptation.  Birds  flap 
their  wings;  and  frogs,  as  Yolkmann  remarks,  resume  their  sitting 
posture.  I  have  not  myself,  however,  observed  such  spontaneous 
movements  of  decapitated  frogs,  except  when  the  head  was  separated 
close  to  the  occiput.  When  the  section  was  made  lower  down  on 
the  spinal  cord,  the  motions  of  the  frog  did  not  indicate  the  slightest 
degree  of  volition.  Though  birds  still  flap  their  wings  when  their 
spinal  cord  is  divided  in  the  middle  of  the  neck,  such  actions  are 
only  grouped  muscular  motions,  which  are  dependent  on  the  spinal 
cord,  and  are  very  different  from  voluntary  movements. 

We  are  in  possession  of  no  facts  which  prove  that  the  spinal  cord, 
when  separated  from  the  brain  and  medulla  oblongata,  can  be  the 
seat  of  true  sensation.  The  reflected  motions  excited  by  irritation 
of  the  surface  in  decapitated  frogs  are  no  proof  of  this;  whenever 
these  reflected  movements  present  any  degree  of  adaptation  to  a 
purpose,  it  is  certain  that  the  spinal  cord  has  been  divided  at  its  very 
commencement 

In  all  the  higher  and  lower  Vertebrata  the  mass  of  the  spinal  cord 
in  general  corresponds  to  the  magnitude  of  the  body  which  receives 
nervous  influence  from  it:  the  spinal  cord  of  a  fish  is  proportionally 
as  large  as  the  spinal  cord  of  the  human  subject,  but  the  brain  in- 
creases in  size  in  the  higher  animals  in  a  direct  ratio  with  the  develop- 
ment of  their  mental  faculties.  Although  all  animals,  from  the  in- 
foBory  animalcules  upwards,  are  equally  perfect  in  their  organisation 
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o  what  is  necessary  to  animal  life,  yet  we  must  admit  a 
n  their  degree  of  perfection  in  relation  to  intellectual  de- 
and  the  organs  of  the  mental  faculties;  a  difference  which 
'  displayed  in  the  structure  of  the  brain  itself. 
3  foregoing  considerations  it  is  clear  that  a  comparison  of 
with  the  central  organs  of  the  nerrous  system  (taken  to- 
th  reference  to  their  size  in  different  animals,  is  not  calcu- 
>rd  any  physiological  inferences.  The  size  of  tlie  nerves 
trith  that  of  the  central  organs  will,  it  is  true,  on  the  whole, 
we  descend  the  scale;  but  this  increase  is  not  great,  unless 

be  compared  with  the  brain  alone.  The  spinal  cord, 
des  being  a  means  of  communication  between  the  brain 
,  is  a  motor  apparatus,  adapted  to  the  motor  powers  of  the 
sirs  in  all  animals  to  correspond  by  its  mass  (not  by  its 
breadth,  which  vary  greatly,)  to  these  motor  powers,  and 
3S  which  arise  from  it.  The  weight  of  the  spinal  cord  of 
(Gadus  lota),  as  compared  with  that  of  the  body  of  the 
>rding  to  Garus,  as  1  to  481;  in  the  land  salamander,  the 
is  to  the  rest  of  the  body  as  1  to  190;  in  the  pigeon,  as  1 
he  rat,  as  1  to  ISO;  in  the  cat,  as  1  to  161.    It  is  true, 

fishes,  nerves,  such  as  the  fifth  and  vagus  nerves,  which 
ictually  exceed  the  spinal  cord  in  diameter.  In  comparing 
ind  spinal  cord  in  different  animals,  however,  we  must 
hickness  of  the  nerves,  but  not  the  thickness  of  the  spinal 
le  thickness  and  length  at  the  same  time,  or  rather  the 
of  the  cord,  which  must  be  compared  with  the  aggregate 
le  nerves  issuing  from  it.   Moreover,  the  size  of  the  cere- 

which  arise  from  the  prolongations  of  the  spinal  cord  in 
innot,  with  any  good  result,  be  compared  with  the  size  of 
spinal  cord  behind  the  brain, 
(oing  general  remarks  are  intended  as  introductory  to  a 

inquiry  into  the  functions  of  the  brain  and  spinal  cord 
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CHAPTER  II. 

OV   THX    8PI9AI.  CORD. 

The  spinal  cord  is  distinguished  by  its  mere  anatomical  structare 
from  the  nerves;  it  is  composed  of  the  same  delicate  fibres  as  the 
brain;  it  contains  in  its  interior  grey  substance,  the  tranrerse  section 
of  which  has  the  form  of  a  cross,  whose  arms  or  cornua  are  prolonged 
on  each  side  into  the  anterior  and  posterior  columns.  The  two  kinds 
of  grey  matter  and  the  substanlia  cinerea  gelaiinosa  of  Rolando 
have  been  treated  of  at  page  494.  fiut  the  disposition  of  the  white 
anbstance  also  is  peculiar.  Rachetti  and  Rolando  have  observed  that 
the  white  substance  is  divided  into  lamellae,  which  run  from  without 
inwards,  and  which  can  be  seen  in  sections  of  the  spinal  cord  that 
have  been  kept  for  a  long  time  in  common  salt.  Rolando  moreover 
maintains  that  these  are  (he  numerous  longitudinal  parallel  folds,  inta 
which  the  membrane-likeexpansion  of  the  white  substance  is  thrown, 
and  between  which  thin  processes  of  the  pia  mater  pass  from  with- 
out inwards,  while,  from  within,  thin  layers  of  grey  substance  are 
received  between  them.  In  the  anterior  white  commissure  J>etwoea 
the  two  anterior  columns  of  the  cord,  the  white  substance,  or  «  me- 
dullary membrane,"  the  folds  of  which  form  the  white  substance, 
passes  across  from  one  side  to  the  other.  This  is  not  the  case  in  the 
posterior  furrow. 

In  a  physiological  point  of  view,  the  spinal  cord  so  far  agrees  with 
the  nerves  that  it  propagates  actions  of  the  nerves,  which  enter  it,  to 
the  brain,  just  as  the  cerebral  nerves  communicate  impressions  madft 
on  them  immediately  to  the  sensorium  commune;  and  that  it  com- 
municates the  influence  of  the  brain  to.  the  nerves  arising  from  it, 
which  thus  receive,  through  the  medium  of  it,  the  cerebral  influence, 
just  as  if  they  arose  from  the  brain  itself;  in  other  respects,  however, 
the  spinal  cord  differs  essentially  from  the  nerves  in  possessing  pro- 
perties which  belong  to  it  as  part  of  the  central  organs,  and  do  not 
reside  in  the  nerves.  We  shall  consider  it  more  minutely,  first,  as  a 
conductor,  and  then  as  a  part  of  the  central  organs. 

1.  7^  spinal  cord  as  candtictor  of  the  nervous  principle^  or  ofitB  09dir 
UUumB.^-AW  the  cerebral  nerves  are  immediately  subject  to  the  in- 
fluence of  the  brain,  and  all  the  spinal  nerves  are  subjected  to  the 
same  influence,  through  the  medium  of  the  spinal  cord.  As  soon  as 
the  transmission  of  this  influence  is  interrupted,  impressions  on  sen- 
sitive nerves  cease  to  be  propagated  to  the  sensorium,  and  the  brain 
loses  the  power  of  voluntarily  exciting  the  motor  action  of  the  nerves 
which  are  withdrawn  from  its  influence. 

The  causes  which  interrupt  the  communication  of  the  brain  and 
spinal  cord  with  the  nerves  are  pressure  upon  the  nerves,  destruction 
or  division  of  them,  and  paralysis  of  their  motor  power  by  substances 
soluble  in  the  fluids  of  the  body,  as  in  cases  of  poisoning  by  lead. 
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ese  causes  act  on  a  nerve,  all  its  brajfiches  which  are  giyea 
he  affected  spot  cease  to  be  voluntarily  excited  to  motor 
the  muscles  which  these  branches  supply  are  paralysed 
I  to  voluntary  motion;  the  action  of  external  stimuli,  too, 
3  parts  produces  no  sensation. 

ranches,  on  the  contrary,  which  come  off  from  the  nerve 
point  of  injury,  are  still  subject  to  the  influence  of  the 
f  volition,  and  when  irritated  give  rise  to  sensation;  the 
bres  which  compose  them  being  still  in  imimpaired  con- 
h  the  brain. 

3  of  a  nerve  below  the  injured  point  preserve,  however, 
power  for  a  certain  time;  it  is  merely  the  influence  of  the 
them  that  is  lost.  Hence,  when  a  nerve  which  is  paralysed 
ary  motion,  from  being  withdrawn  from  the  influence  of 
r  cut  off  from  its  connection  with  that  orgauj  is  pricked  or 
vhen  heat,  or  a  caustic  substance,  or  electricity  or  galv 
ipplied  to  it, — no  sensation  is  excited,  it  is  true;  but  the 
vhich  the  nerve  sends  branches  are  excited  to  contraction, 
does  not  lose  this  excitability  until  it  has  been  several 
off  from  intercourse  with  the  brain  and  spinal  cord, 
nd  the  higher  animals  the  spinal  cord  stands  in  the  same 
ill  the  cerebral  nerves  to  the  brain;  it  is  to  be  regarded 
ion  trunk  of  the  nerves  of  the  body,  although  it  is,  besides 
uished  from  them  by  special  properties, 
tmpare  with  this  statement  the  consequences  of  injuries 
1  cord.  Lesion  of  the  lowest  portion  of  the  spinal  cord 
ilysis  of  the  inferior  extremities  of  the  rectum  and  blad- 
)8ion  is  situated  at  a  higher  point  of  the  cord,  the  abdomi- 
are  paralysed  in  addition;  if  at  a  still  higher  point,  the 
scles  also:  lesion  of  the  spinal  cord  in  the  cervical  regionj 
he  origin  of  the  fourth  cervical  nerve,  paralyses  all  the 
mentioned,  and  the  arms  likewise,  but  not  the  diaphragm; 
tiic  nerve  arises  from  the  fourth  cervical  nerve:  injury  to 
oblongata  paralyses  the  whole  trunk.  When  the  lesion 
extends  progressively  from  below  upwards,  the  paralysis 
extends  in  the  same  manner  from  the  lower  to  the  upper 
observe  in  tabes  dorsalis.  Thns,  in  the  paralytic  effects 
lie  spinal  cord  presents  every  resemblance  to  a  common 
nerves  of  the  body.  Moreover,  if  we  irritate  the  .upper 
pinal  cord  mechanically,  or  by  galvanism,  all  the  muscles 
:  are  thrown  into  contraction,  just  as  the  muscles  which 
iches  from  a  particular  nerve  are  made  to  contract  by 
3  stem  of  the  nerve.  Again,  if  we  divide  a  nerve,  the 
off  from  communication  with  the  brain  still  retains  the 
xciting,  when  irritated,  contractions  in  the  muscles  to 
listributed;  and,  in  the  same  way,  if  we  divide  the  spinal 
nimal,  the  part  withdrawn  from  the  influence  of  the  brain 
rritated,  still  excite  to  action  the  nerves  which  arise  from 
cause  the  muscles  to  contract. 

pinal  cord  does  not  merely  represent  in  the  biain  all  tb* 
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nft^jsar  c^  r  osie  '«de  of  the  s«ijb  muc  moL 
fmr^m  of  oae  »de  of  fbe  track  «:lx:  and  ae 
ifigm'jiif — t^jie  lei«  it  ^akbnoei  of  tfae  od^sbb 
iiM.:ier  it  tfeie  mubifer  of  puts  vfaacfa  aj«  <k^«iied  «f 
^  the  tniJ9x     IC  Bfe&reorer,  ve  eocsader  liax  is  s 
brais  vlnch  rookies  the  mmber  of  imwRiftf  ^ 
s^boo  so  ererf  roCtuscarr  iBocioii.  k  viii  appear  i 
fentvoe  that  tbe  primitire  fibrea  in  the  spinal  card  4a 
oaeh  <4ter9  bot  coDtione  ibeir  aepaiaxe  caon 
to  oooMEittoieate  iaoialed  aeoaatkmatotbebraauaDdia 
the  bfa:n  the  ftimolos  for  iarialed  mocioaK  ibr.  if  tbe 
eaakaee>d  in  the  spinal  eord,  neiiber  a  local  isolated 
iaolatad  contraction  of  aeparate  moades  voald  be  pwsihip 
ofeertain  pans  of  tbe  bnin  and  spinal  eord  cirea  liae  also 
lafMwams,  or  to  sensations  in  isirialed  pailsof  tbe  tnmlL 

The  primitive  fibres,  as  tbey  issoe  from  tbe  spiml  eovd,  ave 
ftkeadf  arranged  into  separate  nerres;  bnt  the  nerres  are 
the  radicle  fibres  being  eoUected  into  frsdcnlL  Tbe 
posterior  rooiM  of  tbe  nerres  are,  it  is  veil  known,  insetted  imn 
anterior  and  posterior  eolomns,  at  a  little  disranr>e  on  each  side  of  die 
middle  line.  The  Cudctili  whidi  form  the  roots  of  tbe  nerres  of  tfaa 
eatida  eqaina  are  inserted  close  to  eadi  other  in  an  mumemiplBd 
eeries;  ttie  radicle  faseicoli  of  the  rest  of  the  nerres  pierce  the  yia 
mater  at  a  little  distance  from  each  other.  But,  when  thef  am 
traced  still  deeper,  the  fibres  are  found  to  spread  oat  still  more,  aai 
10  form  a  tolerably  continuoos  line  of  insertion,  the  root  of  each  spind 
nerve  l>eing  formed  by  the  union  of  a  certain  number  of  the  raidide 
fasciculi.  We  may,  therefore,  regard  the  spinal  cord  as  a  trunk 
formed  of  nervous  fibres,  which  sends  out,  anteriorly  and  posteriorly, 
in  uninterrupted  series,  many  millions  of  primitive  fibres  of  motor 
and  sensitive  endowment  to  all  parts  of  the  body;  these  fibres  beii^ 
between  their  origin  and  their  peripheral  termination  collected  into 
numerous  large  and  small  fasciculi  by  means  of  cellular  sheaths. 

With  respect  to  the  relation  which  exists  between  the  nerves  and 
spinal  cord,  comparative  anatomy  affords  us  no  information.  The 
proportional  length  of  the  spinal  cord  varies  very  much. 

The  discovery  that  the  anterior  roots  of  the  spinal  nerves  are  motor, 
and  the  posterior  sensitive,  (see  page  515,)  has  thrown  great  light  on 
the  different  kinds  of  paralysis.  We  know  that  in  some  cases  the 
sensibility  of  a  limb,  or  of  one  whole  side  of  the  body,  or  of  the  lower 
half,  is  lost,  the  power  of  motion  remaining  unimpaired;  that  in  other 
cases  the  sensibility  is  perfect,  and  the  power  of  motion  only  lost; 
and  again,  that  in  a  third  order  of  cases  the  paralysed  parts  are  de* 

E rived  both  of  motion  and  sensation.    Now  we  are  naturally  led  to 
iquire  whether  the  same  difference  as  to  motor  and  sensitive  power. 
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ngiiishes  the  roots  of  the  nenresy  prevails  also  in  the  spinal 
le  motor  and  sensitive  fibres  run  separately  in  the  spinal 
brain?  The  differences  in  the  various  cases  of  paralysis 
3 w  that  such  is  the  case;  for  the  remarkable  pathological 
3  mentioned  cannot  otherwise  be  explained.  But  it  is 
Iter  to  determine  which  are  the  motor,  and  which  the  sen- 
i  of  the  spinal  cord.  It  may  be  supposed  that  the  anterior 
)m  which  the  motor  roots  arise  are  themselves  motor^and 
or  columns  from  which  the  sensitive  roots  arise  merely 
iroughout  the  whole  length  of  the  spinal  cord;  or  it  may 
led  whether  the  white  substance  of  the  cord  be  not  en- 
1  the  one  function,  the  grey  substance  with  the  other.  In 
he  first  supposition,  which  is  that  adopted  both  by  Sir  C, 
A.  Magendie,  no  satisfactory  proofs  have  been  adduccNl 
experiment  or  disease.  It  is  impossible  to  determine  it 
lent;  for,  in  applying  the  knife  to  the  posterior  columns, 
tienter  necessarily  subjects  the  anterior  columns  to  pres- 
anterior  and  posterior  colunms  cannot  indeed  be  shown  to 
cally  distinct.* 

ems,  unfortunately,  to  be  no  possibility  of  determining  by 
;  the  share  which  the  white  and  grey  substances  of  the 
respectively  in  the  functions  of  motion  and  sensation,  and 
iments  on  the  anterior  and  posterior  columns  are  rendered 
e  by  the  circumstance  of  the  spinal  cord  having  the  power 
I  upon  its  motor  apparatus  impressions  primarily  made  on 
9  or  centripetal  fibres.  Even  supposing,  for  example, 
terior  columns  were  solely  motor,  and  the  posterior  sensi- 
ury  to  the  posterior  columns  would  nevertheless  be  very  \  , 
:cite  muscular  contractions  by  virtue  of  its  secondary  in-  V 
the  anterior  columns;  all  severe  lesions  of  the  cord  throw* 
he  peculiar  state  in  which  any  irritation  propagated  to  it 
ive  nerve  is  reflected  upon  motor  nerves.  (See  page  551.) 
i8  of  the  spinal  cord  pass  through  the  medulla  oblongata 
e  sensorium  commune.  Ajl  the  primitive  fibres  of  the 
ninate  in  the  brain;  those  of  the  cerebral  nerves  imme- 
se  of  the  spinal  nerves'through  the  mediunr  of  the  spinal 
!  brain  (we  do  not  here  inquire  into  the  properties  o(  its 
irts)  receives  the  impressions  of  all  the  sensitive  fibres  of 
•ecomes  conscious  of  them,  aiKi  recognises  the  seat  of  the 
according  as  different  primitive  fibres..are  affected;  the 
on  the  other  hand,  excites  the  motor  power  of  all  the 
s,  and  of  the  spinal  cord,  giving  rise  thus  to  the  voluntary 
n  this  action  of  the  brain  we  can  but  admire  the  infinitely 
1  and  delicate  mechanism,  though  the  powers  by  which  it 
hotly  unknown  to  us.  And  different  as  the  two  organs 
r  respects,  we  cannot  avoid  recognising  in  the  action  of  • 
when  it  calls  into  activity  a  certain  number  among  the 

his  as  my  opinion  in  my  memoir  on  the  roots  of  the  penres  in  dit 
sieno.  NaU  1831.  •     «  ' 
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iofioilelf  numerous  primitive  nerTons  fibres,  a  similarity  to  the  play 
of  a  many-stringed  instrument,  the  strings  of  which  vibrate  when  the 
keys  are  touched.  The  mind  is  the  performer  or  excitor;  the  primi- 
tive fibres  of  all  the  nerves  which  spread  out  in  the  brain  are  the 

.y  sirings;  and  their  cerebral  extremities,  the  keys.  Niemeyer  supposes 
voluntary  motions  to  result  from  the  tension  of  the  antagonistic  mua- 
eles  being  arrested.' ' 

The  spinal  cord  resembles  the  nerves  again  in  the  sensations  pro* 
duced  by  any  affection  of  it  being  referred  to  the  extreme  parts. 
Pressure  on  a  nerve  gives  rise  tp  the  sensation  of  creeping  in  the 
skin;. pressure  also  on  the  spinal  cord  causes  the  same  sensation  to 
be  feli  in  all  the  parts  which  receive  their  nerves  from  it  below  the 
seat  of  the  lesion.  Division  of  nerves,  or  tumours  of  them,  causa 
severe  pain  to  be  felt  in  all  the  parts  to  which  the  nerve  is  dislri* 
buted;  in  the  same  way  inflammatory  and  other  affections  of  the 
qpinal  cord  are  often  attended  with  severe  pains  in  the  extreme  parts 
of  the  body.  Even  when  there  is  perfect  insensibility  to  external 
stimuli,  lesions  of  the  spinal  cord  may  still  excite  sensations  which 
are  referred  to  the  peripheral  parts.  Thus,  in  cases  where  the  lower 
extremities  are  completely  deprived  of  motion  and  sensibility,  the 
sensation  of  creeping  may  still  be  fett  in  them.  (See  OUtviery  Dt  ta 
MoSlle  Epinitrtf  et  deeta  maladies.  Paris,  1833.)  The  sensations 
in  these  paralysed  parts  may  indeed  amount  to  severe  pain,  as  in  the 
axiom  already  mentioned  (P^HS^  ^d)*  The^ sensation  of  creeping 
of  ants  over  the  surfaces,  however,  the  most  frequent  symptom  in 

•  affections  of  the  spinal  cord,  and  is  indeed  scarcely  ever  absent  It  ie 
analogous  to  the  tinnitus  aurium  seated  in  the  auditory  nerve,  and  to 
tbamuscaB  volitantes  and  ether  morbid  phenomena  of  vision;  and^ 
since  the  motion  of  the  blood  in  the  retina  of  the  healthy  subject 
gives  rise  to  the  appearance  of  points  flying  about  whichever  way  the 
eye  is  directed,  this  feeling  of  creeping  of  insects  or  of  the  running  of 
points  over  the  surface  is  probably  the  effect  of  the  motion  of  the 
blood  in  the  capillary  vessels  of  the  diseased  part  of  the  spinal  cord. 
In  some  instances,  in  place  of  the  creeping  sensation,  there  has  t>een 
an  incessant  itching  of  the  legs,  which  could  not  be  removed  by 
scratching.  (Ibid.)  The  aura  epileptica  is  another  similar  symptom 
of  affection  of  the  spinal  cord. 

Since  the  true  seat  of  sensation  is  not  in  the  nerves,  nor  in  the 
spinal  cord,  the  necessary  currents  or  oscillations  of  the  nervous  prin- 
ciple being  merely  transmitted  by  them  to  the  sensorium  commune, 
where  the  sensation  is  really  perceived,  it  is  easy  to  conceive  why 
the  same  sensation  should  arise  from  irritation  of  the  fibres  of  the 
spinal  cord,  or  of  the  nerves,  at  very  different  points  of  their  length; 
for  each  nervous  fibre,  however  long,  can  act  on  the  sensorium  by 
its  cerebral  extremity  only,  at  however  many  different  points  of  its 
length  it  may  be  irritated.  The  same  apparent  contradiction,  how- 
ever, is  met  with  here  in  the  case  of  the  spinal  cord  as  in  that  of  the 
nerves,  namely,  that  pain  is  not  merely  felt  in  all  the  parts  which  re- 
ceive nerves  from  below  the  seat  of  the  lesion,  but  that  the  injured 
or  diseased  part  itself  is  painful.    There  are  many  cases  of  paia 


'  tHX  8X  AT  OV  TAX  BB  VLEZ  A0n6ir.  609 

ipine  which  are  not  instances  of  this;  diseases  of  the  spinal 
m,  namely,  and  of  the  membranes  of  the  cord|  are  neces- 
ided  with  pain,  while  they  may  by  producing  pressnre  on 
x>rd  give  rise  to  the  usual  symptoms  in  the  extremities, 
re  instances  of  pain  really  affecting  the  spinal  cord  itself,— 
The  sensations  of  rigour  and  cold  trickling  down  the 
Bilso  be  seated  in  the  spinal  cord.  We  are  at  present  igno- 
msations  should  at  one  time  be  felt  in  the  peripheral  parts^ 
her  in  the  spinal  cord  itself. 

I  hitherto  considered  merely  the  points  of  similarity  be* 
lerves  and  the  cord,  regarding  the  latter  as  a  conductor  of 
Qerves  to  and  from  the  brain;  we  will  now  inquire  into 
srties  of  the  spinal  cord  which  distinguish  it  from  the 
.  which  it  enjoys  as  a  part  of  the  central  organs. 
oinal  cordj  as  a  part  of  the  central  organs  qf  the  ner" 
«.— The  anatomy  of  the  spinal  cord  is  alone  sufficient  to 
t  is  not  merely  a  condiip^or  of  the  nerves  to  the  brain;  if  t- 
li,  it  would,  like  any  other  nervous  trunk,  consist  at  its 
merely  of  the  aggregate  of  the  nerves  which  it  gives  off 
ent  points  of  its  length,  and  it  would  diminish  gradually 
I  above  downwards  in  proportion  as  the  nerves  leave  it, 
regularly  tapering  and  pointed  cone.  But  although,  on 
it  does  not  become  smaller  from  above  downwards,  yet, 
nity,  where  it  gives  off  the  last  nerves,  it  is  of  greater 
rould  be  formed  by  the  fibres  of  those  nerves:  moreover, 
enlargements  opposite  the  origin  of  the  nerves  of  the 
and  in  fishes  it  forms  at  its  lower  end  a  club-shaped  en- 
lointed  below.  Further,  the  spinal  cord  is  formed,  like 
f  two  distinct  substances. 

properties  and  functions  also  which  distinguish  the  spinal 
le  nerves  can  be  distinctly  indicated, 
pinal  cord  has  the  property  of  reflecting  sensorial  irrita- 
isensitive  nerves  upon  the  motor  nerves.    This  property, 
>f  which  a  sensitive  impression  gives  rise  to  motions,  | 

ere  is  no  communication  between  the  primitive  fibres  of  | 

ds  of  nerves,  has  been  treated  of  in  the  Chapter  on  Re-  1 

ions. 

pinal  cord  has  the  property  of  reflecting  the  action  of 

srves  upon  motor  nerves,  without  itself  perceiving  the  *  * 

We  have  already  shown,  in  the  chapter  on  reflected 

,  that  the  action  of  the  sensitive  nerve  is  most  prone  to 

on  the  motor  nerves  which  arise  near  the  same  part  of 

ord;  and  we  cannot  be  surprised,  therefore,  that  irritation 

3f  the  foot  excites  retraction  of  the  foot;  irritation  of  the 

arm,  retraction  of  the  arm.     An  equally  involuntary 

3  irritated  parts  is  excited  in  our  own  persons  by  a  severe 

)y  irritation  of  the  mucous  membrane  of  the  pharynx,  ^ 

trachea.    The  retraction  of  the  extremities  in  a  decapi- 

vhen  the  skin  is  irritated,  is,  therefore,  quite  as  independ- 

iousness  and  volition,  as  the  general  tetanic  spasm  exciftsA 
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by  touching  the  skin  ia  a  decapitated  salamander  or  in  a  frog  poi- 
soned with  a  narcotic  substance.  Moreoirer,  reflected  motions  are 
excited  during  life  in  the  human  body,  quite  independently  of  con- 
sciousness. In  the  movements  of  the  muscles  of  the  trunk  which 
attend  vomiting,  and  which  are  excited  by  a  morbid  state  of  the 
stomachy  intestine,  kidney,  liver,  or  uterus,  the  irritation  in  these 
different  organs  is  very  frequently,  and  generally  indeed,  not  fell; 
that  is  to  say,  the  centripetal  excitement  of  the  sensitive  ncrvea, 
which  is  propagated  to  the  spinal  cord  and  medulla  oblongata,  does 
not  act  on  the  sensorium  commune.  And  thus  we  see  distinctly  that 
the  reflex  action  of  the  spinal  cord  is  not  necessarily  attended  with 
sensation  or  perception  of  the  sensitive  impressions,  and  that  the 
aiguments  adduced  from  the  reflected  actions  for  the  existence  of 
consciousness  in  the  spinal  cord  are  unfounded.  The  head,  al80» 
when  separated  from  the  trunk,  may  exhibit  the  phenomena  of  re- 
flected motion,  although  it  is  not  in  the  slightest  degree  probable 
that  the  head  of  a  man,  or  one  of  the  higher  animals,  is,  when  sepa- 
rated from  the  trunk,  capable  of  conscious  perception.*  The  loss  of 
blood  accompanying  decapitation,  independent  of  the  other  eflects,-— 
such  as  the  division  of  the  upper  part  of  the  medulla,--is  greater 
than  any  which  usually  deprives  the  human  subject  of  consciousness. 
The  contraction  of  the  muscles  of  the  face,  when  the  stump  of  the 
spinal  cord  in  the  head  of  a  decapitated  criminal  la  irritated,  is  no 
more  than  must  necessarily  occur. 

e.  The  spinal  cord  is  a  motor  apparatus  which,  even  when  separ 
nUed  from  the  brain,  and  without  any  external  stimulus,  can  excite 
automatic  movements.  The  nerves,  at  all  events  those  of  the  cere* 
bro-spinal  system,  have  not  this  power,  although  the  motor  action  of 
the  sympathetic  system  in  this  respect  resembles  that  of  the  spinal 
cord. 

d.  The  spinal  cord,  although  capable  of  exciting  the  motor  nerves 
to  automatic  actions,  nevertheless,  in  the  healthy  state,  leaves  a  great 
part  of  the  motor  nerves,  those  supplying  the  muscles  of  locomotion 
more  especially,  in  a  quiescent  state;  while  on  many  others  it  exerts 
a  constant  motor  influence;  maintaining  thus  constant  involuntary 
contractions,  which  are  arrested  only  by  the  spinal  cord  becoming 
paralysed. 

e.  The  spinal  cord  has  a  ^reat  tendency  to  propagate  a  particular 
state  of  one  part  of  itselLto  other  parts;  in  this  property  it  differs 
entirely  from  the  nerves.  A  nerve  does  not  so  readily  communicate 
a  change  in  its  state,  such  as  is  produced  by  galvanism^  to  the  whole 
spinal  cord,  provided  the  cord  itself  be  not  irritated. 

/.  The  spinal  cord,  when  in  a  state  of  great  irritation,  whether  this 
arises  from  inflammation,  from  violent  irritation  of  nerves  (as  in 
traumatic  tetanus),  or  from  the  action  of  narcotic  poisons,  emits  a 
constant  motor  excitement  to  all  the  voluntary  muscles. 

g.  When  animals  are  poisoned  with  narcotic  substances  which 

*  6«e  the  aeeoant  of  BisehoflT^s  experiments  on  a  decapitated  criminal  in  Mai- 
ler's ArohiT.  1838,  p.  496. 
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)  oonvuIsioDs,  the  spinal  cord^  and  not  the  nerves,  is  the 
le  motor  influence  that  excites  the  movements.  If  the 
n  extremity  be  divided  before  the  nux  vomica  or  strych- 
oduced  into  the  system,  no  cramps  are  produced  in  that 
afore  or  after  the  animal  is  poisoned,  the  spinal  cord  be 
the  cramps  nevertheless  take  place  in  the  parts  supplied 
IT  half  of  the  cord. 

brce^6f  our  voluntary  movements  is  also  dependent  on 
snsion  of  the  spinal  cord.  The  intensity  of  onr  muscnlar 
a  great  measure  dependent  on.  it.  The  greater  part  of 
erves  are,  it  is  true,  excited  to  action,  not  by  the  spinal 
nly  by  the  influence  of  the  will,  and  when  this  is  not  in 
tey  are  left  in  a  quiescent  state;  but  nevertlii^jess.fJhfiiaice 
n  of  the  motor  actions  excited  in  these  .Qfirv6JiJby.the  ^n- 
mune  are  detcrniined  by  the  spinal  cord, 
anal  cord  is  the  source  of  the  sexual  power;  the  exercise 
il  function  depends  on  it.  The  spinal  cord  is  incontesta- 
;  of  the  nervous  sjrstem  most  affected  in  the  act  of  coitus; 
int  from  the  energetic  reflected  motions  excited  by  the 
the  sensitive  nerves  of  the  penis,  the  contractions  of  the 
ninales  and  perineeal  muscles.  The  state  of  exhausted 
ower  which  follows  the  act  must  have  its  source  in  the 
The  degree  of  tension  of  the  nervous  power  of  the  cord 
cessary  for  the  sexual  appetite  is  only  gradually  regained, 
isues  that  state  in  which  erection  of  the  penis  is  excited 
that  the  mind  is  directed  to  objects  relating  to  the  sexeft; 
on  on  the  sensorium  causing  such  a  discharge,  as  it  werd, 
nmmulated  in  the  spinal  cord  as  gives  rise  by  the  organic 
luence  to  the  accumulation  of  blood  in  the  penis.  The 
ncy  is  also  lost  in  diseases  of  the  spinal  cord, 
ifluence  exerted  by  this  organ  upon  the  organic  chemical 
'the  capillaries,  through  the  medium  of  the  organic  nerves, 
[Ot  only  by  the  altered  state  of  the  cutaneous  secretion  in 
It  still  more  clearly  by  the  condition  of  the  skin  in  men  in 
pinal  cord  has  become  affected  in  consequence  of  sexual 
these  cases  there  is  not  merely  general  loss  of  power,  but 
shed  turgescence  of  the  skin,  diminished  perspiration, 
he  skin,  and  defective  generation  of  heat;  the  feet,  hands,. 
}  are  cold. 

inal  cord  is  also  the  subject  of  a  morbid  impression  in  all 
;tions;  and  the  peculiar  alteration  of  the  sensations  and 
d  of  the  organic  processes,  the  secretions  and  generation 
fever  can  only  be  accounted  for  by  the  influence  of  such 
i  that  which  we  have  been  considering  in  this  chapter, 
ions  of  the  cerebro-spinal  nerves  do  not  usually  give  rise 
It  rather  to  other  affections  of  the  nervous  system,  and 
s  most  frequently  excited  by  altered  action  of  the  capillary 
>me  part  of  the  body, — whether  such  as  attends  affectioqs 
lous  membranes,  or  inflammation  of  some  organ, — it  is 
iprobable  that  such  an  impression  as  would  be  produced 
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by  severe  lesion  of  the  organic  neryes  in  any  part  of  the  body  (whe- 
ther from  inflammation  or  other  cause  ojf  irritation),  is  in  fever  pro- 
pagated to  the  spinal  cord,  and  thence  reflected  upon  all  the  nerves 
of  the  body. 

With  regard  to  the  organic  actions  of  the  spinal  cord  as  compared 
with  the  brain,  it  has  been  shown  by  the  experiments  of  Flourens, 
which  Hertwig*  has  confirmed,  that  a  bird  will  continue  to  be  nou- 
xished  for  a  considerable  time — will  not  become  emaciated,  after  the 
cerebral  hemispheres  have  been  removed,  if  food  be  forced  into  its 
mouth. 


CHAPTER  in. 

or  THE  BRAIH. 

I.  Comparative  anatomy  of  the  brain  of  vertebrate  animals. 

In  no  part  of  physiology  can  we  derive  greater  aid  from  compara-^ 
live  anatomy  than  in  the  physiology  of  the  brain.  Corresponding 
with  .the  development  of  the  intellectual  faculties  in  the  differeni 
elates,  we  meet  with  very  great  differences  in  the  form  of  the  brain, 
which  are  highly  important  in  aiding  us  to  determine  the  functions 
q£  the  different  parts  of  the  organ.  A  knowledge  of  the  compara- 
tive anqitomy  of  the  brain  is  also  indispensable  in  the  performance 
of  experiments  on  animals,  with  a  view  to  ascertain  the  properties 
of  its  individual  parts.  I  have  on  these  accounts  thought  it  necessary 
to  preface  the  inquiry  into  the  physiology  of  the  organ  by  a  review 
of  its  different  forms  in  the  vertebrate  classes. 

A  superficial  comparison  of  the  brain  of  the  human  subject  with 
that  of  the  higher  animals  is  sufficient  to  enable  us  to  recognise  one 
important  difference:  it  is,  that  the  cerebral  hemispheres,  which  in 
man  overlap  posteriorly  not  merely  the  corpora  quadrigemina,  but 
even  the  cerebellum,  diminish  more  and  more  in  their  extent  in  that 
direction  as  we  descend  the  scale,  so  as  to  leave  those  parts  unco- 
vered. In  Rodentia  the  cerebellum  is  already  half  exposed;  in  birds 
the  corpora  quadrigemina  have  come  to  view;  and  they  are  more 
completely  bare  in  reptiles.  In  proportion  as  the  cerebral  hemis- 
pheres diminish  in  size,  the  corpora  quadrigemina  or  optic  lobes 
enlarge;  and  although  in  reptiles  they  are  still  considerably  smaller 
than  the  cerebral  lobes,  in  fishes  the  relative  size  of  the  parts  is  so 
altered  that  it  is  difficult  to  determine  what  each  represents.  The 
brain  of  fishes  consists  merely  of  a  series  of  double  and  single  en- 
largements. The  most  posterior  is  single,  and  lies  upon  the  medulla 
oblongata,  covering  the  fourth  ventricle;  it  is  the  cerebellum.  In 
front  of  this  are  two  bodies,  frequently  the  largest  of  all,  and  hollow 

*  Ezperimenta  qaedaro  de  effectibas  lesionaro  in  partibus  Eocephali.    DeroU 
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ior;  the  optic  nerves  arise  ia  greater  part  from  them.  More 
e  two  solid  bodies  conuected  together  in  the  middle  line; 
\y  in  front  of  these,  at  the  origin  of  the  olfactory  nerves,  are 
largements  not  united  together. 

brain  of  the  higher  vertebrata,  and  that  only,  resembles  in 
re  the  brain  of  the  lower  vertebrate  animals;  for  in  it  the 
are  small,  and  do  not  overlap  either  the  cerebellum  or  the 
Irigemina,  and  at  a  very  early  period  the  latter  bodies  are 
than  the  cerebral  lobes.  At  this  time  the  brain  of  the 
sils  presents  a  series  of  enlargements,  like  that  of  fishes, 
lum  forms  a  single  lobe,  posteriorly,  in  the  middle  line;  in 
B  the  large  vesicular  corpora  quadrigemina,  not  yet  divided 
trior  and  a  posterior  pair  of  elevations,  the  cavity  in  their 
ig  the  ventriculus  Sylvii,  which  afterwards  is  reduced  to 
:tns  Sylvii;  and,  lastly,  we  meet  with  the  cerebral  hemis- 
the  olfactory  lobes  at  their  anterior  extremity  in  Mam- 

owersqfthe  Brainy  and  the  Mental  Faculties^  generally. 

undergoes  a  gradual  increase  of  siz^  from  fishes  up  to  man, 
0  the  development  of  the  intellectual  faculties.  Its  pro- 
tie  mass  of  the  whole  body  is  stated  by  Cams  {Jinat. 
.  I.)  to  be, — 

In  the  Burbot  (Gadu  lota)  .     aa  ]  to  970 

Pike       .            .  .            «  1  a  1305 

Silurua         .  .            .     ••  1  •<  1837 

Salamander        .  .            ••  1  ••  380 

Tortoiae        .  .            .•*!*•  2240 

PigreoB                .  .            "  1  ••  91 

Eagle             .  .            .      -   .     1  •*  160 

Siskin  (Frinsrilla  apinaa)  ••  1  •«  231 

Rat                .  .             .      -  1  -  82 

Sheep     •            .  .            -  I  -  351 

Elephant      .  .            .      "  1  •'  500 

Gibbon                .  .            "  1  -  48 

Simia  Capucina  .     **  1  **  25 

mum  weight  of  a  horse's  brain  is,  according  to  Soemmering, 
he  minimum  of  an  adult  human  brain,  2  lb.  5h  oz.;  and 
the  nerves  at  the  base  of  the  brain  are  ten  times  thicker 
than  in  the  human  subject.  The  brain  of  a  whale  75 
h,  which  is  in  the  Museum  at  Berlin,  weighed  5  lb.  5oz. 
veight  of  the  human  brain  is,  according  to  Soemmering, 
Joz.  to  3  lb.  1  oz.  7  dr.  When  now  we  recollect  that  the 
diminishes  from  Mammalia  downwards  in  a  far  less 
inference  appears  manifest,  that  the  development  of  the 
acuities  in  the  animal  scale  is  dependent,  not  on  the  size 
lUa  spinalis,  but  on  that  of  the  brain.  The  considerable 
1  its  proportional  size  in  one  and  the  same  class  show  also 
}  of  the  brain,  as  a  whole,  is  not  regulated  by  the  mass  of 
er  which  it  presides,  but  that  the  motor  apparatus  propor- 
}  mass  of  the  muscles  of  the  body  is  to  be  sought  in  the  spinal 
•arts  of  the  encephalon,  however,  do  not  keep  pace  equally 
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with  the  development  of  the  intellectual  powers.    It  is  in  ihe  cerebral 
hemispheres  that  the  increase  of  size  in  the  higher  animals  chiefly  takes 

Elace.  The  cerebellum,  also,  becomes  proportionally  larger  in  animals 
igher  in  the  scale,bul  in  a  far  less  marked  degree.  The  corpora quadrige* 
mina  are  actually  smaller  in  proportion  to  tiie  rest  of  the  body;  and  the 
medulla  oblongata,  and  its  prolongations  in  the  brain,  are  not  proper* 
tionally  larger  in  man  than  in  any  other  animal.  The  nervous  fibres 
from  the  whole  trunk  must  in  all  animals  equally  pass  through  the  me- 
dulla oblongata  to  reach  the  brain.  Hence  we  perceive  that  the  ence- 
pbalon  necessarily  contains  parts  which  have,  in  all  animals,  the  same 
functions  and  vital  importance;  thus  injury  of  the  medulla  oblongata  is 
equally  fatal  to  all;  while  injury  to  the  cerebral  hemispheres  gives  rise 
to  a  much  slighter  disturbance  of  the  vital  functions  in  reptiles  than  in 
animals  endowed  with  higher  mental  powers. 

We  will  not,  however,  at  present  enter  into  a  consideration  of  the 
functions  of  the  individual  parts  of  the  brain,  independently  of  thei  intel- 
lectual faculties;  but  will  first  inquire  into  the  relation  which  exists 
between  the  mind  and  the  brain  generally.  Comparative  anatomy  alone 
suffices  to  show  us  that  the  source  of  the  menial  faculties  must  be  sought 
'  injhe  brain;  and  experiments  on  animals,  as  well  as  the  history  of  le- 
sions of  the  brain  in  comparison  with  those  of  other  organs,  confirm  this 
suggestion.  We  have  now,  in  the  first  place,  to  prove  that  the  mental 
functions  are  performed  in  no  other  parts  of  the  nervous  system,  or  of 
the  body  generally,  but  in  the  brain  alone. 

With  regard  to  the  nerves,  we  learn,  from  the  eflfects  of  lesions,  that, 
when  cut  off  from  communication  with  the  brain,  they  are  withdrawn 
from  the  influence  of  the  will,  and  impressions  on  them  are  no  longer 
perceived;  and  in  this  respect  the  spinal  cord  resembles  them.  On  the 
other  hand,  the  upper  portion  of  a  divided  nerve,  and  the  part  of  the 
spinal  cord  above  the  seat  of  the  lesion,  are  still  subject  to  the  influence 
of  the  will,  and  the  mind  is  rendered  conscious  of  impressions  made 
upon  them.  Thus,  the  organ  of  the  mind  loses  none  of  its  powers  by 
this  division  of  the  nerves  and  spinal  cord;  merely  the  number  of  the 
parts  to  which  its  influence  extends  is  diminished,  just  as  by  the  ampu- 
tation of  his  limbs  a  man  loses  none  of  his  intellectual  faculties. 

Still  less  than  the  spinal  cord  can  any  other  part  of  the  body  be  the 
seat  of  the  mental  faculties.  Limbs  may  be  amputated,  or  viscera 
affected  with  gangrene,  and  the  mind  still  may  be  clear,  as  long  as  life 
continues. 

The  effects  of  lesions  of  the  "brain  are  very  different;  every  cause 
which  disturbs  its  action  slowly  or  suddenly  affects  at  the  same  time 
the  mind.  Inflammation  of  the  brain  is  never  unattended  with  delirium, 
and  at  a  later  period  with  stupor;  pressure  on  the  cerebrum,  whether 
produced  by  depressed  bone,  foreign  bodies,  serum,  blood,  or  pus, 
always  gives  rise  to  delirium  or  stupor,  according  as  there  is  or  is  not 
irritation  with  the  pressure.  The  same  causes,  according  to  the  seat  of 
their  action,  frequently  abolish  the  power  of  voluntary  motion,  or 
memory:  and  when  the  pressure  is  removed,  the  memory  frequently 
returns;  and  it  has  been  observed  that  the  chain  of  thought  was  im- 
mediately resumed  at  the  point  where  it  was  interrupted  by  the  injury. 


THE  8XAT  OV  THE  MENTAL  EAOULTIES.  C15 

cerebral  hemispheres  in  animals  gives  rise  to  stupor  and  L^  U^ 
ry;  and  in  most  hinatics  considerable  structural  changes 
ice  in  the  brain,  although  in  other  cases,  particularly  whea 
9  inherited,  the  changes  that  have  affected  the  microscopic 
re  cannot  be  recognised  with  our  imperfect  means  of  la- 
id defective  knowledge.  It  has  been  said,  as  an  objection 
eing  regarded  as  the  seat  of  the  mind,  that  very  consider- 
as  been  found  affecting  an  entire  hemisphere  without  the 
es  having  suffered:  experiments  on  animals  show,  how- 
n  sudden  lesion  of  one  hemisphere  only  does  not  imme- 
»  complete  stupor;  that  this  effect  does  not  follow  until 
ved;  so  that  it  would  appear  as  if  one  hemisphere  could  / 
and  even  compensate  for  its  inaction  in  the  operations  of 
any  distinguished  writers,  for  example  Bichat  and  Nasse. 
admit  that  the  brain  is  the  seat  of  the  higher  iDtellectual 
maintain  that  other  organs  also,  as  the  abdominal  and 
a,  have  a  certain  connection  with,  the  mental  functions, 
the  belief  that  the  source  of  the  passions  may  possibly  be 
s.  They  formed  their  opinion  partly  on  the  circumstance 
>f  the  chest  and  abdomen  being  affected  during  the  preva- 
)ns  of  the  mind,  and  partly  on  their  being  frequently  dis- 
of  insanity.  Tlie  intestinal  canal,  liver,  spleen,  lungs,  and 
inly  frequently  the  seat  of  disease  in  lunatics,  and  occa- 
nrhen  no  palpable  change  can  be  detected  in  the  braia 
e  the  diseases  of  the  abdominal  or  thoracic  viscera  may 

exciting  cause  of  the  mental  affection,  but  only  in  the 
3ther  causes  might  excite  it  by  the  impression  communi-  . 
rain;  there  being  in  it  some  pre-existing  disposition  to 

either  hereditary  or  acquired.  Hence  in  these  patients, 
he  morbid  change  in  the  other  viscera  which  have  in- 
*ain,  the  disposition  in  the  latter  organ  to  abnormal  action 
d  again  to  a  latent  state. 

in  which  the  viscera  stand  to  the  mental  emotions  is,  it 
sed,  still  involved  in  much  obscurity,  (a)  The  passions, 
le  change  which  takes  place  in  the  brain,  affect  the  whole 
1.  The  exciting  passions  give  rise  to  spasmodic  actioiis  "^ 
cles,  particularly  those  of  which  the  nerves  belong  to  the 
tem  (including  the  facial  nerve);  hence  the  crying,  sigh- 
:c.  wifh  the  spasmodic  distortion  of  the  features.  In  the 
sions,'  a^  apprehension  and  terror,  all  the  muscles  of  the 

tone,  the  supply  of  motor  influence  from  the  brain  and 
ng  arrested;  the  feet  are  not  able  to  bear  the  body,  the 
notionless  and  without  expression,  and  the  loss  of  power 
^at  as  to  cause  momentary  paralysis  of  the  whole  body, 
the  sphincters.  The  motions  of  the  heart  are  affected  by 
ing  and  depressing  passions.  The  sensations  of  many 
3d.    The  secretions,  as  those  of  the  lachrymal  gland  and 

lowledge  and  much  Raggestive  matter  on  this  subject  will  be  found 
'hysiofogy.     (See  Translation,    Sd  edit.— By  Drs.  Bell  and  La 
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skin,  are  affected;  the  bile  is  not  properly  excreted,  and  permeates  the 
coats  of  the  blood-vessels  so  as  to  produce  jaundice;  the  urine,  lastly, 
becomes  watery.  The  action  of  the  capillaries  is  modified;  hence  the 
skin  becomes  red,  or,  in  other  cases,  pallid.  In  short,  the  passions  in- 
fluence first  the  nerves  engaged  in  the  respiratory  function;  then, 

y       through  the  mftHinm  of  fhft  spinal  cord,  all  the  nftrveq^Qf  thft  fninlr  and 

extremities,  as  well  those  of  animal  life  as  the  organic  nerves.  But  I 
am  not  acquainted  with  a  single  fJBLCt  which  proves  that^  in  a  healthy 
person,  a  particular  passion  affects  one  organ  more  than  another.  It  is 
"^  usual  to  say  that  the  heart  is  affected  by  joy,  sorrow,  and  anxiety;  but 
does  not  every  exciting  or  depressing  emotion  alter  its  action?  Does 
not  the  heart  stand  in  the  same  relation  to  the  mental  emotions  as  the 
lachrymal  organs,  which  are  affected  by  every  emotion  of  the  mind 
when  it  reaches  a  certain  intensity?  It  is  an  old  notion  that  the  liver 
>  has  a  special  relation  to  the  passions  of  rage  and  vexation.  Jaundice^ 
with  pain  in  the  right  side,  or  even  inflammation  of  the  liver,  has  cer- 
tainly followed  a  paroxysm  of  these  passions;  but  only  in  persons 
already  suffering  from  affeiction  of  the  liver,  or  having  disposition  to 
hepatic  disease.  Other  persons,  on  the  contrary,  as  a  consequence  of 
such  emotions,  have  disturbance  of  the  functions  of  the  stomach;  others 
again,  an  affection  of  the  heart  merely,  this  being  in  them  the  organ  of 
which  the  action  is  most  easily  disturbed;  and  so  it  is  with  all  the  pas- 
sions of  the  mind.  In  short,  it  is  evident  that  the  effects  of  the  passions 
upon  the  different  organs  subject  to  the  influence  of  the  brain,  in  no 
way  confirm  the  hypothesis  of  the  passions  or  certain  mental  faculties 
having  their  seat  in  any  other  organ  than  the  brain. 

Although,  however,  we  are  satisfied,  upon  grounds  derived  partly 
from  comparative  anatomy,  and  partly  from  physiology  and  pathology, 
that  the  seat  of  the  mental  operations  is  the  brain  and  no  other  part,— 
that  the  nerves  excite  those  operations  and  are  the  instruments  for 
executing  what  the  mind  directs, — and  that  all  the  other  parts  of  the 
body  are  subject  to  the  influence  of  the  nerves,  still  this  amounts  to 
nothing  more  than  that  the  brain  by  its  organisation  is  the  instrument 
by  which  the  mind  operates  and  is  active:  we  do  not  assert  that  the 
^"mental  principle'';  has  its  seat  in  the  brain  alone.  It  is  possible  for  the 
mind  to  act  and  receive  impressions,  by  means  of  one  organ  of  a  detei- 
minate  structure,  and  yet  be  present  generally  throughout  the  body. 

The  facts  which  we  are  about  to  mention  prove  conclusively  that 
the  mind,  although  its  only  seat  of  action  is  the  brain,  is  itself,  never- 
theless, not  confined  to  it.  Two  facts  are  sufficient.  The  one  is,  that 
animals  low  in  the  scale,  as  Planaria,  Polypi,  and  Annelida,  are  divisi- 
ble; and  that  Polypi  and  Annelida— for  instance,  the  naides  and  ne- 
reides— propagate  their  species  by  spontaneous  division  (see  page  28). 
It  is  evident  from  this  fact  that  the  vital  principle  is  divisible;  but  since 
each  portion  of  the  divided  animal  evinces  a  separate  will  and  special 
desires,  we  have  also  a  distinct  proof  that  the  mental  principle  of  these 
]ower  animals,  whether  it  be  or  be  not  identical  with  their  vital  prin- 
ciple, is  likewise  divisible.  The  second  fact  is,  that  the  mental  principle 
in  the  higher  animals  also,  in  man  even,  is,  like  the  vital  principle,  in  a 
certaiii  limited  sense  divisible.    The  higher  animals,  and  man,  do  not. 
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nerate  new  individualSy  each  endowed  with  a  mind,  by 

eir  own  bodies  into  several  portions;  but  they  do  this  by 

1  of  semen  in  the  male,  and  the  ovum  in  the  female.    In 

y:  the  generation  of  the  new  individual  be  effected  by  th^ 

germ  of  the  female  and  the  semen  of  the  male,  we  know 

J  frogs,  and  salamanders,  the  mere,  contact  of  the  semen 

^ight  together  artiticially,  without  any  participation  in  the 

lie  and  female,  is  sufficient  to  produce  a  new  individual. 

1  semen  must  therefore  contain  all  that  is  necessary  for  the 

of  the  independent  vital  principle  and  the  mental  func- 

nimal.    In  one  or  both  of  them  the  vital  and  the,  mental 

;t  exist  as  it  were  in  a  latent  state;  for  otherwise  these 

lid  not  manifest  themselves,  as  they  are  observed  to  do, 

er  development  of  the  new  individual.    In  the  most  per- 

lso,and  even  in  man,  we  must  suppose  that  the  ovum  and 

1  within  themselves  all  the  conditions  necessary  for  the 

a  new  being  endowed  with  life  and  mind;  and  conse- 

)ne  or  both  of  them  contain  the  vital  principle,  and  the 

r  mind,  iu  a  latent  state.    The  main  question  is.  not  at  all 

9  difference  of  the  new  individual  being  developed  withia 

le  mother,  as  in  viviparous,  or  out  of  it,  as  in  oviparoua, 

»m  the  foregoing  facts  and  inferences,  therefore,  we  may 

the  higher  animals  and  man  are  so  far  divisible  that  a 

tion  of  their  matter,  namely,  the  generative  fluids  (germ 

I  animated  with  the  principles  of  life  and  mind;  and,  this 

e,  that  the  mental. principle  cannot. be.-confined  to  the 

St  be  contained^  although  in  a  latent  condition,  in  parts 

distant  from  the  brain,  and  are  separable  from  the  rest  of 

e  vital  and  mental  principles  be  transmitted  from  the  brain 
icdium  of  the  nerves  to  the  semen  or  germ;  whether  the 
nt  state  be  contained  in  the  blood;  whether  in  such  a  con- 
in  every  part  of  the  body,  though  free  and  active  only 
/hich  is  organised  as  its  intrument  and  apparatus  for  the 
3pressions  from  other  parts, — are  all  questions  which  it  is 
answer,  and  the  solution  of  which  would  not  influence 
ir  present  inquiry.  It  is  sufficient  for  our  object  to  know 
I  and  germ  must  contain  not  only  the  vital  principle,  but 
of  the  new  being,  in  a  latent  state.^thus,  that  other  parts 
mn  the  brain  participate  in  being  the  seat  of  the  mental 
3Ugh  this  principle  is  manifested  only  in  the  brain,  on  ao- 
tructure  of  that  organ  being  adapted  for  its  action  upon 
aratus,  and  to  the  reception  of  the  impressions  communi- 
erves.  For  consciousness,  imagination,  thought,  volitioui 
ion,  the  brain  is  absolutely  necessary;  and  although  the 
le  production  of  ideas,  thoughts,  &c.  is  present  in  a  latent 
ipregnated  germ,  yet  the  whole  organisation  of  the  brain 
;d  in  this  germ  before  the  mental  principle  can  become 
leas,  thoughts,  and  will,  be  manifested.  In  the  anencepha* 
of  which  the  nutrition  and  life  are  maintained  throughoat 

52* 
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the  foetal  condition  up  to  the  time  of  birth,  the  organ  generated  in  the 
living  germ  for  the  future  manifestation  of  the  mind  has  k>een  destroyed 
(by  tiydrocephalus}  at  a  period  when  it  was  not  suflSciently  developed 
to  allow  the  exercise  of  the  mental  functions. 

From  the  considerations  and  facts  thus  premised,  we  are  now  able  to 
determine  the  question,  whether  lesions  of  the  texture  of  the  brain  mo- 
dify the  mind  itself;  whether  in  mental  affections  the  mind  or  its  ^es- 
sence" can  itself  be  diseased,  or  whether  merely  the  action  of  the  miod 
by  its  instrument  be  altered.  Since,  as  we  have  seen,  the  existence  of 
the  mental  principle  does  not  depend  on  an  uninjured  condition  of  the 
brain,  and  since  it  is  certainly  present,  although  in  a  latent  state,  in  the 
germ  separated  from  the  parent  animal,  it  is  evident  that  a  change  in  the 
structure  of  the  brain  cannot  produce  a  change  iu  the  mental  principle 
itself,  but  can  only  modify  its  actions.  The  action  of  the  mind  is  depen- 
dent outhe  integrity  of  the  fibrous  structure  and  composition  of  the 
brain.  £The  mode  of  mental  action  is  always  determined  by  the  modifi- 
cation of  structure  and  condition  of  the  organ;  but  the  mental  "essence,'' 
the  latent  mental  "  force,"  as  far  as  it  does  not  manifest  itself,  appears 
to  be  independent  of  all  changes  in  the  brain.  According  to  this  view, 
all  inquiries  as  to  the  ultimate  cause  of  affections  of  the  mind,  as  regards 
the  question  of  their  dependence  on  the  brain  or  on  the  mind  itself,  are 
useless;  and  the  physician  has  to  keep  in  view,  as  the  first  point  in  all 
abnormal  conditions  of  the  mental  functions,  merely  the  nature  of  the 
structi^l  change  by  which  the  action  is  rendered  abnormal  or  pie- 
vented^  Two  cases  of  ooDgeniul  idiocy  have  t>een  reported  to  os,  in 
whidTtne  cranium  is  so  low  that  the  representations  given  of  them  call 
to  mind  the  state  of  the  sknll  in  hemicephalous  mongers;  bnt  here  the 
cn^niuin  is  perfect.  These  idiots  are  the  two  sons  of  a  widow  named 
Sohn,  living  in  the  colony  Kiwitsblott,  a  German  mile  from  Bromberg; 
one  is  aged  17.  the  other  10  years.  Both, enjoying  excellent  healthcare 
at  tlie  same  time  so  stupid  that  they  do  not  remember  their  way  back  to 
their  home  if  they  leave  it  but  a  short  distance;  and  cannot  unbutton 
their  breeches,  although  they  have  full  powers  of  motion  and  voiition  in 
all  parts  of  their  body:  they  manifest  their  volition  only  in  eating  and 
drinking,  and  in  destroying  ever>'ihing  which  comes  into  their  hands; 
they  are.  however,  tractable,  and  not  maiicions  in  disposition.  Even  in 
these  remarkable  cases  we  cannot  imasiiie  that  anv  coneenital  disease 
of  the  mind  itself  existed— any  original  defect  of  the  mental  principle; 
in  the  latent  state  of  this  principle  in  the  germ,  there  was.  wiihont 
doubt,  all  present  which  was  necessary  for  the  highest  perfection;  but, 
on  account  of  the  imperfect  formation  of  the  brain,  the  development  of 
the  higher  mental  faculties  became  impossible.  In  the  same  way,  in  a 
healthy  man,  a  sudden  change  in  the  condition  of  the  brain  modifies  the 
manifestation  of  the  mental  principle,  or  even  renders  it  latent:  but,  if 
Ibe  pressure  which  impeded  the  action  of  the  brain  he  removed,  the 
of  the  mind  are  frequently  restored  in  their  entire  integrity, 
the  action  of  anv  part  alwavs  induces  a  chance  in  the  oreanic 
which  composes  it.  {see  page  55,;>  it  necessarily  follows  that 
exertion  of  the  mind,  a  cnminued  direction  of  it  to  one  ob- 
oe external  ciiciimstances  or  great  mental  excitement. 
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.  the  organisation  of  the  instrument  of  the  mental  opera* 
hough  the  removal  of  these  causes  may  be  very  important 
'  the  physician,  yet  the  state  of  the  organ  itself  is  the  proper 
treatment;  and  the  wrong  direction  of,  the  thoughts  is  not 
»f  the  mental  diseasci  but  can  merely  be  one  among  its  ^ 
nting  causes.* 

>n,  whether  the  vii§L.LprincipIe  by  whisb  ib^j^hdl^-organi* 
[eraiy  and  even  the  formation  of  the  organ  of  the  mind,  are 
oentially  different  from  the  mental  principle,  or  whether 
of  the  mind  is  merely  a  mode  of  action  of  the  vital  prinr  '  / 
ipable  of  solution  by  physiolQgical  facts. 
1  the  view,  that  the^tnind  is  merely  a  particular  manifes-  ^  J 
lal  life,  may  be  urged  the  fact,  that  it  is  not  confined  to  one 
lis,  or  to  man,  but  is  possessed  even  by  the  lowest  crea- 
id  cannot  be  denied  to  any  animal  which  is  conscious  of 
Ml,  independent  even  of  external  impressions  on  the  senses, 
ts  and  desires,  forms  ideas  concerning  the  objects  of  these 
le  mode  of  satisfying  of  them,  and  by  ideas  and  desires  is 
oluntary  actions.  In  this  sense  mental  phenomena  are 
n  by  the  lowest  animals;  the  passions  are  manifested  prin- 
1  the  higher  animals.  On  the  other  hand,  for  the  opinioa 
%l  is  independent  of  the  vital  principle,  it  may  be  argued 
le  division  of  organised  living  beings,  namely,  plants,  are 
I  mental  manifestations.  This  objection  may,  however,  be 
pposition,  that  here  the  vital  principle  is  in  a  latent  state 
its  mental  actions;  and  when  a  hypothesis  rests  merely  oa 
a  great  number  of  facts,  its  force  is  neutralised,  if  another, 
an  equally  good  explanation  of  them,  can  be  opposed  to  it, 
leslion  agitated  is,  whether  the  mind  be  a  property  of 
indeipeadent  power  ox  principle;  whether  it  be  a  principle 
'  united  to  the  body;  or  whether  it  be  nothing  more  than 
I,  as  it  were,  of  a  certain  condition — of  a  certain  combioa* 

nena  of  the  mind,  whatever  bo  the  nature  of  its  essence, 
Dubt  closely  and  necessarily  connected  with  the  organisa- 
lin.'^  Unless  the  complicated  fibrous  structure  of  the  brain 
paired  state,  mind  is  not  manifested  in  the  body;  but  still 
1  it  in  a  latent  condition,  just  as  in  the  generative  fluids 
le  new  creature  endowed  with  mind  is  capable. 

III.  Of  the  Medulla  Oblongata. 

spinal  cord  act  on  each  other  through  the  medium  of  the  medulla 
ence  the  importance  to  physiologista  of  a  knowledgre  of  the  course  of 
una  or  bondlea  of  fibres  of  this  part.  Burdach  (in  his  excellent  work, 
^desGehirru^)  has  thrown  more  li^ht  on  this  subject  than  any  other 
following  parts  are  now  distinguished  as  composing  the  medulla 

i  pjramidalia,  formed,  according  to  Burdach,  of  fundamental  and  de- 
The  former  lie  at  the  anterior  surface  of  the  grey  central  column, 

an  writers,  as  for  example,  Heinroth,  hare  gone  so  far  as  to  regard  all  ^-  -' 
mg  action  of  the  soul,  and  to  speak  of  the  ioMoe  as  sinners. 


620  PR0PBRTU8  09  THS  MSJDULLA  OBLONGATA. 

■nd  form  the  posterior  wall  of  the  anterior  fisaare  of  the  spinal  cord;  but  as  tbej 
ascend  in  the  neck,  between  thespace  pf  3^  to  1^  inches  below  the  pons,  they  paae 
obliqaeljT  forwards,  so  as  first  to  forpi  the  lateral  boundaries  of  the  anterior  fissure,  and 
at  last  to  appear  at  the  two  sides  of  this  fissure  on  the  anterior  surface  of  the  spinal  cord 
and  at  the  inner  side  of  the  anterior  columns.  The  decussating  fibres  are  derived 
-  from  the  lateral  columns  of  the  spinal  cord,  as  a  branch  of  which  they  run  behind 
the  olirary  body  ou  each  side,  ascend,  passinfi^  obliquely  inwards  and  torwards,  and 
with  the  former  set  of  fibres  appear  at  the  surface  of  the  cord  one  inch  below  the  pone 
Varolii,  at  the  side  of  the  anterior  fissure.  The  decussating  fibres  alone  pass  from 
cme  side  of  the  fissure  to  the  other  to  join  the  fundamental  fibres  of  the  opposite  pjn^ 
mid.  (Burdaeh^ib.iuSl,)  The  fibres  of  the  corpora  pyramidalia  pass  between  the 
transYerse  fasciculi  of  the  pons  to  reach  the  crura  cerebri. 

5.  Fasciculi  of  fibres  which  run  at  the  inner  and  outer  side  of  the  olivary  bodiesy 
and  which  are  not  seen  on  the  surface  of  the  medulla  oblongata.  (Fasciculi  siliousB. 
Bordach.)  The  more  anterior  or  internal  of  these  fasciculi  is  formed  of  the  fibres 
which  bounded  the  anterior  fissure  of  the  spinal  cord,  and  which  have  been  throtl 
outwards  by  the  corpora  pyramidalia  rising  to  the  surface.  The  external  fasciculoe 
is  the  outer  portion  of  the  anterior  column  of  the  spinal  cord  which  lay  at  the  inner 
side  of  the  anterior  roots  of  the  nerves.  9oth  these  fasciculi,  which  sheath  the  olivary 
bodies,  are  in  contact  with  each  other  till  they  reach  these  bodies.  The  internal  hB* 
eisolBS  passes  with  the  pvramids  through  the  pons  into  the  crura  cerebri.  The  ez- 
tenud  is  continued  upwards  and  inwards,  around  the  upper  portion  of  the  processus 
eerebelli  ad  testes,  to  the  base  of  the  corpora  quadrigemina. 

3.  The  olivary  body  is  formed  bv  the  expansion  of  the  anterior  grey  column  of  the, 
oord.  At  this  point  the  grey  column  forms  a  plicated  vesicle  otgrey  matter,  filled 
internally  ae  well  as  invested  externally  with  white  fibrous  substance.  This  it  is  which 
prodoces  in  a  section  of  the  corpus  olivare,  the  appearance  called  corpus  dentatnm* 

4.  The  lateral  column  of  the  spinal  cord  gives  off  from  its  inner  side  at  the  oom- 
mencement  of  the  medulla  oblongata  the  decussating  fibres  of  the  anterior  pyramids; 
the  remaining  portion  is  continued  over  the  olivary  body  into  the  processus  eerebelli 
ad  medullam  oblongatam  (corpus  resti forme),  and  partially  also  into  the  external  part 
df  the  fourth  ventricle.    {Burdach^ibid,  p.  35.) 

.  5.  The  fasciculus  euneatus  is  the  continuation  of  the  medullary  fibres  which  cover 
the  posterior  grey  columns  of  the  spinal  cord,  and  which,  lying  at  the  upper  side  of 
the  lateral  column,  form  with  it  the  process  from  the  medulla  oblongata  to  the  eer^ 
bellum;  its  internal  fibres  run  at  the  outer  part  of  the  walls  of  the  fourth  ventricle 
towards  the  cerebrum.  According  to  Mr.  Solly,  some  fibres  of  the  anterior  columns 
also  of  the  spinal  cord  contribute  to  form  the  corpus  restiforme,  or  processus  eerebelli 
ad  medullam  oblongatam,  interlacing  in  it  with  those  derived  from  the  lateral  columns* 

6.  At  the  inner  and  posterior  surface  of  the  corpus  restiforme  lies  a  delicate  fas- 
ciculus of  fibres  (fasciculus  gracilis),  the  inner  side  of  which  forms  the  lateral  wall  of 
the  posterior  fissure,  and  is,  in  part,  in  close  contact  with  the  corresponding  surface 
of  the  fasciculus  of  the  opposite  side.  At  the  apex  of  the  fourth  ventricle,  this  fas- 
eicnlus  becomes  swollen  into  a  club-shaped  body  (clava).     {Burdaehy  loc.  cit.  p.  37.) 

7.  The  **  round  fasciculi"  (fasciculi  teretes)  are  rendered  visible  by  the  divergence 
of  those  last  described;  as  lateral  walls  of  the  canal  of  the  spinal  cord  they  lie  between 
the  corpora  restiformia  in  the  floor  of  the  fourth  ventricle,  and  pass  forwards,  separated 
by  the  medium  fissure,  to  form  the  anterior  and  inferior  boundary  of  the  aqueduct  of 
Sylvius** 

Properties  of  the  medulla  oblongata. — It  has  the  general  properties 
of  the  medulla  spinalis.  It  has  the  same  property  of  reflection y  indeed 
in  a  higher  degree  ihaa^uy  olher  pojd;  of  tlie.ne£\U)i49.  system;  and  the 

*  For  a  full  detail  of  the  course  of  the  fibres  in  Che  brain  I  refer  to  Ourdach**  work;  and  to 
the  **  IconcK**  of  Langenbcck,  for  an  account  of  the  later  invcstii^ations  into  the  structure  of 
the  brain.  Weber's  edition  of  Hildebrandt*8  Anatomie,  M.  D*AIton*s  article  in  the  llth 
volume  of  the  EncycL  VVOrtcrb.  der  Mcdicin.  Wiasench.  (Mr.  Solly*s  work  on  the  Brain,  and 
the  excellent  Tabuin  Anatomies)  of  Arnold,  as  well  as  hii  Bemerkungcn  Qber  den  Ban  des 
Gebirna,  &.c.  Zurich,  1838,)  may  be  consulted. 
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arise  from  it  are  more  prone  than  any  other  nerves  to 
It  belongs  also  to  the  motor  apparatus,  and  no  other 
*eat  an  influence  on  the  production  of  motions,  for  irrita- 
tes convnlsions  of  the  whole  trunks  and  by  lesion  of  it  the 
s  paralysed.  But  the  properties  which  especially  distin- 
lulla  oblongata  are  the  following: — 
source  of  all  respiratory  movements^  as  has  been  shown 
of  the  natural  movements  of  respiration,  and  of  the  spas- 
)n  of  the  respiratory  muscles  excited  by  irritation  of  the 
>ranes  (see  page  323).  The  passions,  in  exciting  the  respira- 
ie  facial  included),  act  through  the  medium  of  the  medulla 
The  same  movements,  as  laughing,  crying,  and  yawning, 
ently  excited  by  the  influence  of  the  sensorium  occupied 
W  on  the  medulla  oblongata. 

seat  of  volition. — The  experiments  of  M.  Flourens  show 
in  which  the  cerebral  hemispheres  have  been  removed, 
(tate  of  stupor,  are  still  capable  of  executing  voluntary 
.nd  they  have  still  the  power  of  volition  after  the  removal 
Inm  also,  but  by  this  last  mutilation  their  movements  are 
rce  and  co-ordination.* 

lulla  oblongata  is  the  seat  qf  the  faculty  of  sensation. — 
lerely  shown  by  the  anatomical  fact  that  all  the  cerebral 
he  exception  of  the  first  and  second,  are  connected  with 
prolongations  in  the  brain;  it  is  proved  also  by  the  history 
ts  on  the  difierent  parts  of  the  encephalon.  From  the  re- 
agendie  and  Desmoulins  it  results  that  the  removal  of  the 
spheres  and  the  cerebellum  does  not  deprive  an  animal 
of  sensation.  The  central  organs  of  the  senses  of  sight 
lost  with  the  cerebral  hemispheres,  and  blindness  ensues; 
iousness  of  sensations  does  not  appear  to  be  the  function 
im.  Flourens  concluded  from  his  experiments  that  the 
spheres  are  alone  the  central  organ  of  sensations.  But 
3gitimate  inference  from  his  highly  interesting  observa- 
n  fact,  as  Cuvier  has  remarked  (in  his  Report  to  the  Aca- 
ilemoir  of  M.  Flourens),  prove  directly  the  contrary.  An 
ch  the  cerebral  hemispheres  have  been  removed  is  in  a 
;  but  presents,  nevertheless,  manifest  signs  of  sensibility, 
y  of  the  reflection  of  impressions.  It  no  longer  performs 
movements;  but,  when  struck,  it  has  all  the  manner  of 
cing  from  sleep.  In  whatever  position'  it  be  placed,  it  re- 
ilibrium.  If  laid  upon  the  back,  it  rises  again;  if  pushed, 
t  be  a  bird,  and  we  throw  it  up  into  the  air,  it  flies;  if  it 
laps  when  touched.  The  animal  has,  doubtless,  lost  its 
0  longer  reasons;  but  nevertheless  it  feels,  and  the  sensa- 
it  movements  which  are  different  from  the  phenomena 
>us  reflection.     Cuvier  very  aptlv  compares  animals  in 

ntof  anencephalous  monsters  which  have  performed  ▼oluntarj  move- 
sr*8  Arcbiv.  1834,  p.  168.  CompAre  also  the  remarks  on  the  same 
rainger,  on  the  Spinal  Cord,  p.  79,  et  aeq.  and  Dr.  Hall,  in  his  Me^ 
T0U8  System. 
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this  condition  to  a  sleeping  man;  he  also  seeks  an  easy  position;  he 
feels.* 

.  Sensation  itself  must  be  distinguished  from  "  attention,"  (the  direc- 
tion of  the  mind  to  sensations,)  and  from  the  faculty  of  forming  ideas 
from  sensations.    Attention  appears  to  be  a  function  of  the  cerebral 
hemispheres;  by  their  removal  the  animal  is  rendered  stupid,  though 
sensation  remains.    Among  a  certain  number  of  simultaneous  sensa- 
tions we  are  able  to  direct  our  attention  to  a  single  one,  so  as  to  per- 
ceive it,  not  only  more  distinctly  than  the  rest,  but  definedly  and  in  its 
whole  intensity;  this  sensation  excites  in  us  ideas,  while  those  to  which 
attention  was  not  directed  are  perceived,  but  only  indistinctly.     While, 
therefore,  the  medulla  oblongata  is  susceptible  of  obscure  sensations,  the 
distinct  perception  of  sensations  is  dependent  on  parts  of  higher  func- 
tion, which  are  lost  when  the  cerebral  hemispheres  are  removed. 
.    Some  have  believed  that  the  medulla  oblongata  is  the  central  organ 
for  all .  sensations.    This  appears  to  me  to  be  an  error,  if  by  medulla 
oblongata  be  meant  only  the  superior  enlarged  portion  of  the  spinal 
cord,  and  not  also  its  prolongations  into  the  cerebrum.    The  medulla 
oblongata,  in  the  restricted  sense,  is  certainly  the  receptacle  for  all  the 
sensations  of  touch;  these  sensations  are  felt  even  after  the  cerebrum  is 
removed, — though  indistinctly,  owing  to  the  mind  not  being  directed 
to  theoL    On  the  other  hand,  for  the  senses  of  sight  and  smell  there  are 
central  organs  which  lie  in  the  cerebral  hemispheres:  blindness,  for  ex- 
ample, is  produced  by  mutilation  of  the  anterior  pair  of  the  corpora 
quadrigemina,  of  the  thalamus  opticus,  or  of  the  deep-seated  parts  of 
the  hemispheres  generally.    It  appears,  therefore,  that  the  central 
organs  of  the  different  senses  are  independent  of  each  other;  if  they  do 
in  part  belong  to  the  prolongations  of  the  fasciculi  of  the  medulla  ob- 
longata, still  it  appears  that  their  actions  may  be  isolated,  while  a  re- 
ciprocal action  of  each  with  the  hemispheres  of  the  brain  is  necessary 
for  a  distinct  perception  of  the  sensation  of  which  it  is  the  seat.    This  is 
probable,  but  many  facts  are  wanting  to  prove  it.     It  appears  certain 
that,  after  the  removal  of  the  central  organ  of  vision,  the  impressions 
on  the  nerves  of  common  sensation  are  still  felt;  but  it  is  not  known 
whether,  after  the  destruction  of  the  medulla  oblongata,  impressions  on 
the  other  senses  can  still  be  perceived.  Injury  to  the  medulla  oblongata 
puts  a  stop  to  respiration,  and  thus  reduces  life  to  such  a  low  ebb  that 
it  is  impossible  to  institute  experiments  as  to  the  persistence  of  the  sen- 
sations of  sight,  smell,  &c.  It  is,  however,  most  probable  that  the  actions 
of  the  different  organs  of  the  senses  are  ultimately  communicated  to  the 
cerebral  hemispheres,  and  not  to  the  medulla  oblongata,  and  that  it  is  in 
them  that  the  separate  sensations  are  converted  into  ideas. 

With  reference  to  the  sense  of  hearing,  it  is  usually  supposed  that  its 
central  organ  is  the  floor  of  the  fourth  ventricle,  since  the  fibres  of  the 
auditory  nerve  have  their  origin  there.  Flourens,  on  the  contrary, 
naaintains  that,  after  the  removal  of  the  cerebral  hemispheres  (which 
birds  survive  many  months),  hearing  is  lost.    But  whether  the  sense  of 

•  See  Cuvier's  Rapport,  &c.  in  M.  Flonrens*  work,  Sur  lea  proprietes  et  lea  fono- 
ttont  da  Syeteme  Nerreux.    Paris,  1824,  p.  77. 
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endent  on  a  state  of  integrity  of  the  floor  of  the  fourth 
,  the  transverse  white  fibres  which  are  seen  on  it  appear 
means  the  important  influence  on  the  sebse  of  hearing 
attributed  to  them;  they  are  by  no  means  constantly  con- 
i  auditory  nerve,  and  sometimes  pass  distinctly  over  the 
>f  the  nerve  into  the  crus  cerebri.  In  the  Museum  at 
the  brain  of  a  young  female,  who,  in  consequence  of  a 
eck  and  occiput,  was  gradually  attacked  by  paralysis  of 
1^;  and  here,  upon  the  floor  of  the  fourth  ventricle,  and 
insverse  white  fibres,  an  effusion  of  lymph  had  taken 
1  the  sense  of  hearing  had  not  suffered.  (See  Fischer^ 
zephalitidis  Casu.    Beroi.  1834.) 

IV.  Of  the  Corpora  Quadrigemina. 

qnadrigemina  of  Mammalia,  and  the  lobi  optici  of  birds, 
ibia,  and  fishes,  belong,  with  the  optic  thalami  of  the 
I,  to  the  central  apparatus  of  the  sense  of  vision.     It  is 
^lourens,  that  if  in  a  pigeon  one  of  the  lobi  optici  be  re- 
a  mammiferous  animal  one-half  of  the  corpora  quadri- 
less  of  the  eye  of  the  opposite  side  is  produced,  though 
f  the  iris  is  preserved  for  a  long  time.   (M.  Magendie  <ud 
this  result  in  Mammalia.)   According  to  MM.  Magendie 
ns,  the  animals  turn  frequently  upon  their  own  ^xis, 
ride  on  which  the  removal  of  the  optic  lobe  has  been 
I  movement,  which  was  observed  even  in  frogs,  appears 
lit  of  vertigo.    Flourens  covered  one  eye  in  healthy 
hey  turned  round  in  a  similar  way;  but  not  so  briskly, 
er  time.    The  removal  of  the  optic  lobe  is  always  at- 
vulsions  of  the  opposite  side  of  the  body,  of  which  the 
if  is  afterwards  much  impaired.    It  is  a  remarkable  fact 
iry  to  one  of  the  optic  lobes  always  destroys  the  sight  of 
e,  yet  the  contractility  of  the  iris  under  the  influence  of 
9t  if  the  mutilation  be  only  superficial;  a  complete  re- 
)tic  lobe  paralysing  the  iris  as  well  as  the  sense  of  sight* 
ins  this  on  the  supposition  that  a  partial  removal  of  the 
s  not  abolish  the  excitability  of  the  optic  nerves,  because 
troy  all  their  roots.    The  motion  of  the  iris  is  certainly 
he  excitation  of  the  optic  nerves  by  light;  for  Flourens 
tation  of  these  nerves  caused  the  iris  to  contract,  and 
m  paralysed  its  motions.     The  explanation  given  by 
•ect;  but,  when  the  optic  lobe  is  partially  removed  on 
he  action  of  light  on  the  retina  which  is  not  paralysed 
le  contraction  of  the  iris  of  the  blinded  eye.    The  re- 
Hertwig  {Exp.  de  effect,  laesion.  inpartibus  Encephalu 
have   afforded  a  confirmation  of  the  experiments  of 
nost  every  particular.     The  results  which  M.  Hertwig 
I.  that  the  partial  mutilation  of  one-half  of  the  corpora 
T  optic  lobes  in  Mammalia  and  birds  produces  partial 
and  blindness  of  the  opposite  side  of  the  bodyy-^that 
*,  is  regained  after  a  certain  time;  2.  that  this  partial 
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lesion  (Joes  not  abolish  the  motion  of  the  iris, — on  the  contrary,  that 
these  motions  sometimes  continue;  3.  that  by  removing  a  larger  portion 
of  the  optic  lobe,  pr  completely  extirpating  it,  vision,  as  well  as  the  coti- 
tractile  power  of  the  iris,  is  completely  destroyed;  4.  that  mutilation  of 
the  optic  lobe  has  nearly  the  same  effect  on  the  eye  as  injury  to  the 
optic  nerve;  5.  that  the  muscular  weakness  of  the  opposite  side  of  the 
body,  produced  by  the  mutilation  of  one  optic  lobe,  is  only  temporary; 
6.  that  the  infliction  of  this  injury  on  one  side  of  the  body,  causes  the 
animal  to  move  round  on  its  axis,  as  if  giddy;  7.  that  no  other  effect 
than  those  mentioned  follow  the  mutilation  of  the  corpora  quadri- 
gemina, — thus,  for  example,  that  no  disturbance  of  memory  or  con- 
sciousness is  produced. 

The  only  point  in  which  the  observations  of  this  experimenter  differ 
from  those  of  M.  Flourens^  has  reference  to  the  convulsions  produced 
by  Injury  to  the  optic  lobes,  which,  in  M.  Hert  wig's  experiments,  never 
ensued.  The  opposite  result  obtained  by  M.  Flourens  was  perhaps  due 
to  his  incision  being  carried  too  deeply. 

V.  Of  the  Cerebellum. 

The  functions  of  the  cerebellum  have  been  made  the  subject  of  in- 
teresting experiments  by  Rolando,  Flourens,  Magendie,  Schoeps,  and 
Hertwig. 

JM.  Rolando  constantly  observed  that  the  diminution  of  the  move- 
tnents  was  in  a  direct  ratio  with  the  lesion  of  the  cerebellum;  that  stupor 
was  never  produced,  nor  the  sensibility  of  any  part  of  the  body  im- 
paired; but  that  the  power  of  the  miiscnl.qr  movements  was  lost.     The 

animals  kept  their  eyes  open,  and  regarded  surrounding  objects,  but  in 
▼ain  endeavoured  to  execute  any  of  the  movement  necessary  for  loco- 
motion. An  animal  in  which  one  side  of  the  cerebellum  had  beenjre- 
inoved,  fell  upon  the  same  side,  not  being  able  to  support  itself  upon  the 
leg  of  that  side.  These  results  induced  Rolando  to  adopt  a  supposition 
quite  incapable  of  proof,  namely,  that  the  cerebellum  is  the  organ 
destined  for  the  generation  of  the  nervous  principle,  which  he  compared 
with  electricity;  and  that  the  alternate  layers  of  white  and  grey  sub- 
stance of  the  cerebellum  act,  as  Reil  also  imagined,  in  the  way  of  a 
galvanic  pile. 

The  experiments  of  M.  Flourens  {Loc,  citat.  pp.  18  and  36,)  are 
more  lucid  and  more  decisive  in  their  results.  He  found  that  the  ani- 
mals evinced  no  signs  of  sensibility  in  the  cerebellum  while  it  was  being 
removed.  He  extirpated  the  cerebellum  in  birds  by  successive  layers; 
feebleness  and  want  of  harmony  of  the  movements  were  the  conse- 
quence. When  he  had  reached  the  middle  layers,  the  animals  became 
restless  without  being  convulsed;  their  movements  were  violent  and 
irregular,  but  their  sight  and  hearing  were  perfect.  By  the  time  that 
the  last  portion  of  the  organ  was  cut  away,  the  animals  had  entirely 
lost  the  powers  of  springing,  flying,  walking,  standing,  and  preserving 
their  equilibrium.  When  an  animal  in  this  state  was  laid  upon  the 
back,  it  could  not  recover  its  former  posture;  but  it  fluttered  its  wings, 
and  did  not  lie  in  a  state  of  stupor;  it  saw  the  blow  which  threatened 
it^  and  endeavoured  to  avoid  it.     Volition,  sensation,  and  memory. 
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re  not  lost,  but  merely  the  faculty  of  combiDing  the  actiona 
8  in  groups;  and  the  endeavours  of  the  animal  to  maintain 
m  were  Hke  those  of  a  drunken  man.  The  experiments 
lame  results  when  repeated  on  all  classes  of  animalsy  and 
lourens  infers  that  the  cerebellum  belongs  neither  to  tht 
to  the  intellectual  apparatus;  and  that  it  is  not  the  source 
movements,  although  it  belongs  to  the  motor  apparatus: 
of  wounds  on  it  does  not,  however,  he  says,  excite  convnl- 
n  other  motor  apparatus,  such  as  the  spinal  cord  and  me- 
;ta,  are  wounded;— -but  the  removal  of  it  destroys  the  force 
oents,  and  the  faculty  of  combining  them  for  the  purposes 
>, — the  faculty  of  the  co-ordination  of  the  movements.  If 
sorrect,  the  cerebellum  must  contain  a  certain  mechanism 
lie  excitement  of  the  combined  action  of  muscles,  so  that 
ance  of  its  structure  must  destroy  the  harmony  between 
rgan  of  combined  motions,  and  the  groups  of  muscles  with 
It  is  also  to  be  remarked,  that  injury  to  the  cerebellum 
ices  its  effects  on  the  opposite  side  of  the  body, 
srvations  of  Flourens  have  been  confirmed  by  Hertwig, 
lat  the  cerebellum  itself  was  insensible;  that  irritation  of 
convulsions;  and  that  though  lesion  of  it  interfered  with 
ion  of  movements,  the  senses  and  all  the  other  functions 
)reby  affected.  Hertwig,  however,  remarked,  that  if  the 
-the  cerebellum  had  been  partial  only,  its  function  was 
)  also  found  that  removal  of  one  side  of  the  cerebellum 
dovements  of  the  opposite  side  of  the  body. 
lie  states  that  hedgehogs  and  guinea-pigs,  in  which  he  had 
th  cerebrum  and  cerebellum,  rubbed  their  nose  with  their 
rinegar  was  held  to  it.  He  asserts,  also,  that,  when  the 
inflicted  on  the  cerebellum,  the  animal  made  an  effort  to 
was  compelled  by  an  inward  force  to  retrograde.  Injury 
rtbelli  or  processus  adpontemj  and  of  the  pons  itself,  upon 
ays  caused  the  animals  to  roll  over  towards  that  side.  The 
'as  produced  by  every  vertical  section  which  involved  the 
iss  lying  over  the  fourth  ventricle,  but  it  was  seen  in  the 
degree  as  the  result  of  injury  of  the  crus.  Sometimes, 
)  says,  the  animals  made  sixty  revolutions  in  a  minute,  and 
this  movement  continued  for  a  week  without  cessation. 
it  convulsive  movements,  but  are  voluntarily  performed, 
the  influence  of  an  internal  impelling  force,  or  as  if  the 
I  attacked  with  vertigo.  Division  of  the  second  cms  cere- 
1  by  M.  Magendie  to  restore  the  equilibrium.  Hertwig 
I  in  a  dog  in  which  the  pons  Varolii  was  wounded  on  the 
It  similar  revolutions  of  the  body  towards  the  same  side 
led,  and  one  eye  was  turned  upwards  while  the  other  Was 
wards.  Superficial  wounds  of  the  pons  were,  in  Hertwig's 
attended  with  moderate  pain;  he  believes  each  half  of  the 
mce  the  opposite  half  of  the  body.  No  convulsions  were 
itating  it. 
»rm  bodies  belong  to  the  medulla  oblongata;  injury  inflieted 
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on  oYie  of  them  in  a  goat  was  foand  by  Rolando  (SaggiOj  ^c.  ed.  3,  p. 
125,)  to  produce  convulsions,  with  carving  of  the  body  of  the  animal 
to  the  injured*  side.  Wound  of  the  processus  cerebeUi  ad  testes  was 
observed  by  the  same  author  to  cause  convulsions  which  affected  in  the 
greatest  degree  the  extremities  of  the  opposite  side  of  the  body;  the 
animal,  a  rabbit,  fell  upon  the  side  on  which  the  lesion  was  inflicted 
each  time  that  it  made  a  spring. 

Gall  regards  the  cerebellum  as  the  organ  of  the  sexual  impulse.  The 
grounds  on  which  this  view  is  founded  are  not  conclusive.  Burdach 
{Op.  cit,  iii.  p.  4230  ^^^  collected  the  facts  which  bear  upon  this  ques- 
tion. He  has  calculated  that  affection  of  the  sexual  passion  is  observed 
otice  in  every  seventeen  cases  of  lesion  of  the  cerebellum,  and  once  in 
three  hundred  and  thirty-two  cases  of  lesion  of  the  cerebrum.  In  apo- 
plectic cases  attended  with  erection  of  the  penis,  there  has  been  found 
effusion  of  blood  in  the  cerebellum.*  Dunglisont  observed  priapism 
in  a  case  of  inflammation  of  the  cerebellum  with  serous  effusion.  De- 
struction of  the  spinal  cord  in  animals  also  gives  rise  occasionally  to 
erection  of  the  penis.  The  observations  of  Heusinger,  {MeckePs  •^rehiv. 
vL  551,)  that,  in  two  birds  which  died  suddenly,  there  wasa  turgid  state 
of  the  testicles  and  effusion  of  blood  in  the  cerebellum,  cannot  be  ad- 
duced as  proof  of  the  correctness  of  Gall's  hypothesis;  and  all  the  other 
eases  of  simultaneous  disease  of  the  cerebellum  and  affection  of  the 
sexual  functions  do  not  really  prove  much.  The  coincidence  of  disease 
of  the  spinal  cord  with  affection  of  the  genital  organs  is  much  more  fbe- 
quent:t 

The  development  of  the  cerebellum  in  the  scale  of  animals  presents 
no  relation  with  the  energy  of  the  sexual  impulse.    In  the  Amphibia 

£1  frogs  and  toads)  this  organ  is  extremely  small,  constituting  a  mere 
nd  lying  over  the  fourth  ventricle,  and  nevertheless  the  sexual  instinct 
of  these  animals  has  become  proverbial,  although  they  have  no  erectile 
organ. 

A  preparation  in  the  anatomical  museum  at  Bonn  (see  fVeberj  in  the 
Nova  ^ct.  Nat.  Cur.xiv.p.  Ill,)  is  unfavourable  to  Gall's  opinion. 
It  is  the  cerebellum  of  a  man  in  whom  half  the  organ  was  found  atro- 
phied. Death  had  been  caused  by  an  inflammatory  disease.  But  the 
sexual  passion  had  been  rather  strong  than  weak;  the  man  was  married, 
and  the  father  of  several  children.  The  facts  detailed  by  Cruveilhier 
{^nat,  PathoL  livr.  xv.  18,)  are,  however,  the  most  remarkable.  In 
one  case,  an  individual  twenty-one  years  of  age,  two  large  tuberculous 
masses  were  found  in  the  left  hemisphere  of  the  cerebellum,  although 

*  Serres,  in  Ma^endie's  Jonm.  iii.  p.  114.    f  Lond.  Med.  Reposit.  Oct.  1823. 

%  M.  Bndgre  (Mailer's  ArchiT.  1839,  p.  390)  states  as  the  result  of  repeated  experi- 
ments, that  irritation  of  the  cerebellum  with  the  point  of  a  knife  in  a  cat  just  killed 
causes  the  testicle  of  the  same  side  to  tnore,  so  as  to  place  itself  more  at  right  angles 
with  the  Tas  deferens.  The  fact,  if  confirmed,  would  be  curious.  But  M.  Budge 
draws  conclusions  so  hastily  from  his  observations,  that  he  excites  the  suspicion  of  his 
experiments  having  been  performed  with  equal  want  of  care. — Translator,  (Set 
lor  details  on  this  head,  and  of  a  discussion,  in  the  French  Royal  Academy  of  Medi- 
cine, on  Phrenology,  Stokes  &  Bell's  Lectures  on  the  Practice  of  Physic,  p.  445  and 
p.  438-41,  vol.  ii.  3d  edit.) 
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en  no  poralytic  symptoms,  no  pains  in  the  head,  and  no 
inatural  phenomena  in  the  genital  organs.  Since  the  sub- 
isease  is  said  to  have  had  no  desire  for  sexual  pleasures^ 
ht  be  regarded  as  a  proof  of  the  correctness  of  Gall?s  hypo- 
le  second  case,  however,  there  was  coincidence  of  complete 
cerebellum  with  tendency  to  masturbation;  it  occurred  In 
/en  years.  When  seven  years  old,  she  presented  great 
the  extremities,  want  of  intelligence,  and  indistinct  articula- 
)  eleventh  year,  when  she  was  more  closely  observed,  the 
'  the  extremities  was  so  great  that  she  could  scarcely  move 
lough  their  sensibility  was  perfect.  She  could  move  her 
ntellect  was  very  dull.  After  death,  which  was  caused  by 
tory  disease,  the  inferior  occipital  fossae  were  found  filled 

In  place  of  the  cerebellum  there  was  merely  a  membran* 
ssing  transversely  over  the  medulla  oblongata,  and  con- 
ach  side  with  a  swelling  of  the  size  of  a  hazeUnut.    The 

was  entirely  absent,  the  olivary  bodies  indistinct.* (a) 

VI.  0/  the  Cerebral  Hemispheres. 

f  the  cerebral  hemispheres  having  a  more  perfect  develop- 
portion  as  the  animals  in  which  we  examine  them  are 
s  scale  of  Vertebrata  from  fishes  up  to  man,  and  the  co- 
atrophy  and  absence  of  the  convolutions  on  their  surface 
are  alone  sufficient  to  indicate  that  the  seat  of  the  higher 
iculties  must  be  sought  in  this  part  of  the  encephalon.  It 
r,  been  proved  by  direct  experiment  that  such  is  their  seat, 
lents  of  Flourens  are  here  also  especially  instructive,  and 
in  the  essential  points  done  no  more  than  confirm  them; 
leres  are  insensibly  both  to  puncture  and  incisions.  %hat 
»rain  in  which  the  sensations  are  converted  iutp  ideas,  and  v 
irded  tip,  to  appear  again,  as  it  were,  as  shadows  of  the  sen* 
3lf  devoid  of  sensibility.  This  result,  confirmed  by  Hertwig, 
vise  with  the  phenomena  observed  in  wounds  of  the  head 
it  has  been  very  frequently  remarked,  when  it  has  been 
separate  protruded  portions  of  the  brain  from  the  healthy 
s  has  given  rise  to  no  sensation  even  in  persons  whose  mind 
f  clear.  Wounds  of  the  hemispheres  give  rise  mbreover  to 
ns;  the  only  constant  effect  of  a  deep  incision  is  blitidness 
'  the  opposite  side  and  a  state  of  stupidity.  Haller  and  Zina 
that  injury  to  the  upper  part  of  the  cerebral  hemispheres 
muscular  contractions.  No  contractions  of  muscles  are 
►rding  to  Flourens,  by  irritating  the  corpora  striata  or  the 
%i;  and  the  same  fact  had  been  already  ascertained  by  M. 
reference  to  the  corpus  callosum, 

preientation  of  the  parts  in  CniTeilhier,  livr.  xt. 
D  of  argument  pursued  by  the  author  in  the  text,  to  disprove  the  phreiMH 
n  of  the  cerebellum,  is  Uiat  of  the  pure  spiritualists,  who  assert,  that 
ik  and  reason  without  a  brain,  because,  say  they,  he  sometimes  exereisee 
is  way,  noth withstanding  serious  lesions  and  losses  of  substance  of 
f  the  same  showing,  the  lungs  are  nut  the  orgaa  of  respiration  nor  Ihe 
f  digestion. 


/ 
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The  general  results  of  the  experiments  of  Flourens  and  Hertwig  on 
different  animals^  relative  to  the  function  of  the  cerebral  hemispheres^ 
are  very  similar.  I  will  recount  the  very  interesting  details  of  an  ex- 
periment instituted  by  Flourens  on  a  pigeon.  The  right  hemisphere^ 
.  being  removed,  the  pigeon  was  found  to  be  blind  in  the  opposite  side. 
The  contractility  of  the  iris,  however,  still  continued  (see  page  623). 
There  was  a  marked  feebleness  of  all  parts  of  the  left  half  of  the  body. 
TbiSy  however,  is,  according  to  M.  Flourens,  a  very  variable  pheno- 
menon both  as  to  its  degree  and  duration.  In  all  animals  the  forces  soon 
recover  their  equilibrium,  and  the  disproportion  between  the  two  sides 
disappears.  The  pigeon  saw  very  well  with  the  eye  of  the  injured  side, 
it  heard,  stood,  walked,  flew  and  did  not  appear  uneasy. 

In  another  pigeon  both  cerebral  hemispheres  were  removed;  loss  of 
vision  immediately  ensued,  with  general  loss  of  power,  which,  however, 
.  was  neither  considerable  nor  persistent  The  pigeon  flew  when  it  was 
thrown  into  the  air;  walked  when  it  was  pushed.  The  iris  had  its 
power  of  motion  in  both  eyes;"*  the  animal  was  deaf,  and  it  did  not 
move  spontaneously,  but  had  constantly  the  manner  of  a  sleeping 
animal,  and  when  irritated  it  resembled  in  its  motions  an  animal  just 
awakingw  In  whatever  position  it  was  placed,  it  resumed  its  equili- 
brium; if  laid  upon  the  back,  it  got  upon  its  feet  again;  water  being 
pnt  into  Its  beak,  it  swallowed  it;  and  it  resisted  attempts  to  open  its 
beak.  M.  Flourens  likens  the  pigeon  in  this  condition  to  an  animal 
condemned  to  perpetual  sleep,  but  deprived  even  of  the  faculty  of 
dreaming.  Experiments  on  Mammalia  were  attended  with  similar 
results. 

The  experiments  of  Hertwig  confirm  M.  Flourens'  observations. 
Wounds  of  the  hemispheres  ^in  a  dog)  excited  no  pain,  unless  they  ex- 
tended, to  the  base  of  the  bram,  when  signs  of  pain  were  exhibited.  M. 
Hertwig  removed  both  hemispheres  in  a  dog:  the  animal  did  not  move 
from  the  post  voluntarily,  but  was  thrown  into  a  state  of  complete  stupor; 
if  irritated,  it  moved  a  few  steps,  and  then  fell  again  to  the  ground  in  a 
sleepy  state.  It  did  not  hear  even  the  report  of  a  pistol.  M.  Hertwig 
removed  the  upper  part  of  the  hemispheres  in  a  pigeon ;  sight  and  hear- 
ing were  abolished,  and  the  animal  sat  in  one  spot  as  if  asleep.  He 
fed  it:  peas,  if  placed  merely  within  the  beak,  were  not  swallowed;  but 
if  laid  upon  the  tongue,  they  were  (owing  lo  reflex  acti6n);the  muscles 
were  but  slightly  enfeebled;  the  bird  stood  firmly,  and  flew  when  thrown 
into  the  air.  This  state  endured  for  a  fortnight,  when  the  hearing  and 
sensibility  in  a  great  nieasnre  returned;  this  pigeon  lived  three  months. 
A  hen,  in  which  Hertwig  had  cut  away  both  hemispheres  nearly  to  the 

*  Mr.  Grainsrer  explains  this  phcFnomenon  in  accordance  with  Dr.  HalPs  theory  of 
the  existence  of  special  (ihres  for  reflex  motions  to  which  the  contraction  of  the  iris 
under  the  influence  of  light  belongs.  "The  optic  nerve,*'  he  says,  **  contains  two 
orders  of  fibres;  the  true  sensiferous,  which  are  connected  with  the  cerebral  cohto* 
lations,  by  the  diverging  fibres  described  by  Spurzheino,  and  the  incident  fibres 
attached  either  to  the  grey  4natler  of  the  optic  tubercles,  or  of  the  optic  thalaihi.** 
When  merely  the  cerebral  hemispheres  are  remo?ed,  the  latter  fibres  mast  remain  in* 
taot,  and  will,  therefore,  when  excited,  according  to  Mr.  Grainger's  conjecture,  by 
tlie  calorific  rays  of  light,  determine  the  contractioo  of  the  pupil  through  the  medium 
of  reflex  fibres  of  the  third  nenre. 


THX  SlB AT  or  THX  IHTXLLBOTVAL  POWXR8.  '  6tf9 

brain,  was  foand  to  be  deprived  of  sight,  hearing,  taste,  and 
constantly  in  one  spot,  and  was  as  if  dead  until  strongly 
in  it  moved  a  few  steps.    The  animal  lived  in  this  state  of 
lont  its  senses  being  restored,  for  three  months, 
ps  {MeckePs  •^rehiv.  1827,)  has  instituted  similar  experb- 

nt  from  these  experiments,  and  from  the  effects  of  j>res8i|)re 
ral  hemispheres  in  man,  that  they  are  the  Seat  of  the  mental 
lat  in  them  the  sensorial  impressions  are  not  merely  per- 
tre  converted  into  ideas;  and  that  in  them  resides  the  power 
the  mind  to  particular  sensorial  impressions,— the  faculty 
^)  In  what  respect  the  medullary  and  the  grey  substance  of^ 
ares  differ  with  regard  to  function,  we  are  quite  ignorant. 
r  of  the  mind  in  different  animals  manifestly  increases /Mm' 
he  extension  of  the  surface  of  the  cerebral  convolutions; 
not  the  slightest  knowledge  of  the  nature  of  the  influence 
le  grey  cortical  substance  into  which  the  innumerable  fibres 
hrough  the  optic  thalami  at  last  radiate.  We  are  ignorant 
e  of  the  change  produced  in  the  medullary  fibres  in  the 
:ance,  or  in  the  principle  which  animates  it,  when  an  idea 
pression  on  the  highly  susceptible  substanceof  this  wonder* 

We  know  only,  that  every  idea  is  a  permanent  immutable 
I  the  brain,  which  may  at  any  moment  predent  itself  anew 
be  directed  to  it,— if  the  ^'attention"  be  turned  to  it;  and 
rely  the  impossibility  of  the  attention  being  occupied  by 
B  simultaneously,  that  causes  each  to  be  forgotten.  AU 
deas  roust  be  regarded  as  impressions  on  the  brain  which 
aeed.  Lesions  of  the  brain  may  annul  a  part  or  all  these 
I,  in  such  cases,  persons  have  lost  their  memory  for  nouns, 
n  for  the  occurrences  of  certain  periods  of  their  life;  and 
thus  lost  has  sometimes  returned  again.  The  direction  of 
me  single  idea  modifies  the  co-existence  and  disturbs  the 
if  all  the  rest;  hence,  if  the  relative  strength  of  the  different 
vere  known,  it  would  be  almost  possible  to  calculate  what 
ould  be  excited  by  another  known  image, 
ble  that  there  is  in  the  brain  a  certain  part  or  element  appro* 
9  affections,  the  excitement  of  which  causes  every  idea  to 
intensity  of  emotion,  and  which,  when  very  active,  gives 
bought,  even  in  dreams,  •the  character  of  passion;  but  the 
such  a  part  or  element  cannot  be  strictly  proved,  nor  its 
»nstrated.  Still  less  can  it  be  shown  that,  independently  of 
ent  of  the  mind,  the  particular  tendencies  of  the  thoughts 

have  their  special  seat  in  distinct  districts  of  the  hemi- 
is  view,  advocated  by  Gall,  which  forms  the  ground-work 
;e  of  cranioscopy  or  phrenology,  does  not,  it  is  true,  involve 

ms  of  the  different  parts  of  the  encephalon  have  been  lately  inTestl- 
ntally  by  M.  Nonat  (see  Gazette  Medicate,  Oct.  19, 1839),  bat  appa- 
briiiffinff  to  light  any  important  new  results.  An  acoonnt  of  some 
Bnts  bj  Magendie  is  contained  in  his  Lemons  inir  la  Systdme  Nerven]^ 
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any  impossibility;  but  there  are  no  facts  calculated  in  the  slightest 
measure  to  prove  the  correctness  of  the  hypothesis  generally,  or  the 
correctness  of  the  details  of  the  doctrine  founded  upon  it  No  pajtof 
the  brain  can  be  distinctly  pointed  out  ^  the  seat  of  niemory,  of  ioiagi- 
nation,  Us^{fl)  Memory  may  be  lost  as  a  consequence  of  lesion  of  the 
faemispheres  at  any  part  of  their  periphery;  and  the  same  is  the  case 
with  regard  to  all  the  principal  faculties  or  tendencies  of  the  mind.  Oa 
the  other  hand,  with  regard  to  the  << faculties"  set  down  by  Gall,  a  part 
of  which  are  totally  unpsychological,  we  may  at  once  exclude  from  the 
ibrum  of  scientific  researches  these  arbitrary  dogmas,  which  can  never 
be  proved.  The  remark  made  by  Napoleon  to  Las  Cases,  with  reference 
to  Gall^s  system  of  phrenology,  is  very  interesting:  <<He  ascribes,"  said 
Napoleon^ 'f  to.  certain  prominences,  propensities  and  crimes  whichnSbr 
net  exist  in  nature^  but  are  the  growth  of  society,  and  are  merely  con- 
ventional.     What  would  the  organ  of  theft  effect,  if  there  were  no  pro- 

g^rty;  the  organ  of  drunkenness,  if  there  were  no  spirituous  liquors^  or 
e  organ  of  ambition,  if  there  were  no  society?'^  Gall's  system  includes 
so  organ  of  drunkenness;  but  still  the  remark  is  correct  as  far  as  regards 
the  bad  psychological  foundation  of  the  organ  marked  out  by  Gall.  It 
does  not,  however,  overturn  the  principle  of  phrenology;  but  only  the 
mode  in  which  it  is  carried  out. 

With  regard  to  the  principle,  its  possibility  cannot,  h  priori^  be  de- 
nied; but  experience  shows  that  the  system  or  organs  proposed  by  Gall 
has  no  fo^Qd^tion;  and  the  histories  of  injuries  to  the  head  are  directly 
opi>osed  to  the  existence  of  special  regions  of  the  brain  destined  for 
particular  mental  faculties.  Not  only  may  both  the  higher  and  lower 
intellectual  faculties — as  reflection,  imagination,  fancy,  and  memory— 
be  affected  by  lesion  of  any  point  on  the  surface  of  the  hemispheres;  but 
it  has  been  frequently  observed  that  different  parts  of  the  hemispheres 
may  aid  the  action  of  other  parts  in  the  intellectual  functions,  and  fre* 
quently  where  the  removal  of  portions  of  the  surface  of  the  hemispheres 
has  become  necessary  in  the  human  subject,  no  change  in  the  moral 
and  intellectual  powers  of  the  individual  has  ensued.(6) 
V  It  appears,  with  regard  to  their  action  in  the  intellectual  functions, 
that  the  one  hemisphere  can  perform  the  office  of  the  other.  Cases,  at 
least,  have  been  observed  in  which  permanent  disease  of  one  hemisphere 
has  left  the  mind  unimpaired;  and  Cruveilhier  (Livraison,  viii.)  has  re- 
lated a  case  of  atrophy  of  the  entire  left  half  of  the  cerebrum  in  a  man 
forty-two  years  of  age,  in  which  the  atrophied  hemisphere  was  only 
about  half  as  large  as  the  sound  one,  all  its  parts — the  cms  cerebri, 
corpus  mammillare,  thalamus 'opticus,  corpus  striatum,  and  lateral  ven- 
tricle,— being  all  equally  diminished  in  size,  and  nevertheless  the  mind 
was  perfect.    The  two  halves  of  the  cerebellum  were  nearly  equal  in 

(a)  Gall  and  the  phrenolo^sts  generally  regard  memory  and  imagination,  not  as 
separate  faculties,  but  as  modifications  of  any  one  intellectual  faculty.  Of  course,  they 
do  not  suppose  that  there  is  a  seat  in  the  brain  for  either  memory  or  imagination  sepa- 
nte  from  the  faculty  to  which  they  belong. 

Sb)  The  author  forgets  that  the  very  next  sentence,  in  which  reference  is  made  to  Cni* 
hier*s  case,  affords  an  answer  to  this  objection  against  phrenology,  p.  632.     Of  a 
similar  import  are  the  last  two  paragraphs  of  the  present  division  of  this  chapter. 
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It  being  only  a  little  smaller  than  the  left.  In  this  case  the 
the  body  had  been  from  youth  upwards  partially  paralysed, 
ng  stjUl  able  to  walk  with  a  stick;  and  the  limbs  of  the  weak 
asted. 

nissures  appear  to  be  the  cause  of  this  unity  of  action  of  the 
leres.  The  influence  of  the  corpus  callosum  is  not  quite 
the  presence  of  the  corpus  callosum  and  fornix  would  ap-' 
.  case  observed  by  Reil,  {Jirchiv.  zi.  341,)  not  to  be  neoes- 
exercise  of  the  lower  mental  faculties.  In  a  woman  whose 
ire'  dully  but  who  was  nevertheless  capable  of  common  oc» 
tch  as  going  on  errands,  the  parts  mentioned  were  wanting, 
3r  commissures  were  present.  The  coincidence  of  idiocy 
tion  of  the  corpus  callosum  in  chronic  hydrocephalus  does 
ny  connection  between  them,  the  disease  being  so  compli- 
tumours  and  hydatids  have  been  found  attached  to  the 
turn  in  idiots;  and  La  Peyronnie  observed  loss  of  memory 
sion  of  that  part  of  the  brain.*  Few  direct  experiments 
istituted  with  a  view  to  determine  the  function  of  the  cor- 
I.  Saucerotte  divided  this  part  in  a  dog;  stupor,  with  vio- 
;  and  hiccough,  were  the  result.  The  animal  saw  and 
lad  lost  the  sense  of  smell,  and  the  sensibility  of  the  ears, 
jscles.  (See  Burdach^  Op.  cit.  iii.  486.)  Rolando  {SaggiOf 
performed  the  same  experiment  on  a  goat.  The  animal 
ne  time  without  moving,  then  became  restless  and  ran  for- 
was  kept  two  days;  by  degrees  it  became  feeble,  could 
on  its  legs;  and  its  whole  body  trembled  and  was  cold, 
ions  of  the  pituitary  and  the  pineal  gland  are,  we  may  say, 
lown.  Greding,  it  is  true,  frequently  found  disease  of  the 
nd  in  cases  of  mental  affections;  but,  in  such  cases,  disor- 
lave  been  met  with  in  all  parts  of  the  brain.  Wenzel  ob- 
se  in  the  pituitary  gland  frequently  in  epileptic  subjects.! 
esis  of  Descartes,  that  the  pineal  gland  is  the  seat  of  the 
en  long  relinquished  and  forgotten.  It  is,  according  to 
servation,  seldom  affected  in  lunatics.    (See  Burdach^  op. 

s  of  pathological  anatomy  can,  however,  never  have  more 
d  application  to  the  physiology  of  the  brain.  We  are  unac- 
h  the  laws  according  to  which  the  different  parts  of  the 

litease  of  the  eorpat  callotum  will  be  found  collected  in  the  works  of 
ologie,  vi.  p.  358;  and  Bordach,  Op.  cit. 

[in  a  Memoir  presented  to  the  Academie  dee  Sciences  on  Oct.  24, 1839) 
escribed  nervous  filaments  arising  from  the  anterior  and  posterior  ear- 
litary  gland,  and  anastomosing  with  the  carotid  and  cavernous  plexuses 
etic;  and  has  named  it  in  consequence  of  these  connections  the  eephalie 
B  difficult  to  say  what  importance  should  be  attributed  to  these  obeervs- 
izin;  for  only  a  short  time  previously  M.  Rathke  had  described  the  de- 
he  pituitary  gland  as  taking  place  by  the  protrusion  upwards  of  the 
ane  of  the  mouth,  so  as  to  form  a  diverticulum  projecting  into  the  base, 
which  subsequently  becomes  cut  off  from  the  buccal  cavity,  and  at  the 
tches  itself  to  the  infundibulum  of  the  brain*  (See  Maller^s  ArehiVt 
nd  1839,  p.  827.) 
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organ  participate  in  the  fanctions  of  each  other;  and  we  can  only  in  a 
general  way  regard  as  certain,  that  oi^anic  diseases  in  one  part  of  the 
brain  may  induce  changes  in  the  function  of  other  parts;  but  from  these 
facts,  and  the  results  of  pathological  anatomy,  we  cannot  always  draw 
certain  conclusions.  Degenerations  in  the  most  various  parts  of  the 
brain,  whidi  appear  from  experiment  to  have  no  immediate  connectioa 
with  the  central  organs  of  the  sense  of  vision,  nevertheless  frequently 
cause  blindness;  and  at  this  we  must  be  the  less  surprised,  since,  even 
in  diseases  of  the  spinal  cord,  as  tabes  dorsalis,  imperfect  amaurosis  is  a 
frequent  symptom. 

The  same  remark  applies  to  the  relation  of  lesion  of  the  different  parts 
of  the  brain  to  mental  diseases;  the  brains  of  insane  persons  frequently 
presenting  degeneration  in  parts  which  are  not  the  essential  seat  of  the 
intellectual  functions.  Abundant  confirmation  of  what  we  have  here 
mM  is  afforded  by  the  collection  of  cases,  and  the  calculations  which 
Burdach  has  given,  relative  to  the  coincidence  of  disease  of  different 
parts  of  the  brain  with  certain  changes  of  the  functions.  It  must  be 
further  remarked,  that  a  chronic  disease,  which  acts  merely  by  exerting 

Sressure,  and  does  not  produce  complete  atrophy,  may,  by  its  gradual 
evelopment,  prepare  and  accustom  the  depressed  parts  to  its  presence. 
Hence  the  great  difference  between  the  effects  of  chronic  and  those  of 
sudden  lesions  of  the  brain.  Thus  important  parts  may  be  pressed  upon 
without  their  functions  being  essentially  disturbed;  as  in  a  case  detailed 
by  Cruveilhier«  in  which  the  pons  Varolii  and  the  crura  cerebri  were 
compressed  by  a  pearl-like  fatty  tumour  of  slow  growth,  although 
neither  the  po wer*of  motion  nor  sensation  was  affected. 

YII.  Of  the  Latoa  of  •Action  qfthe  Brain  and  Spinal  Cord. 

We  have  here  to  consider  the  laws  according  to  which  nervous  actions 
are  propagated  in  the  fibrous  structure  of  the  brain  and  spinal  cord. 
Our  knowledge  is  on  this  subject  as  iipperfect  as  it  is  complete  with  re- 
fisrence  to  the  propagation  of  nervous  action  in  the  nerves.  The  primi- 
tive fibres  of  a  nerve  lying  in  the  same  sheath  do  not  communicate  their 
particular  states  from  one  to  another;  their  action  is  propagated  in  each 
in  an  isolated  manner  from  the  periphery  to  the  central  organs,  and 
from  these  back  again  to  the  periphery.  If,  as  we  have  shown  to  be 
probable,  these  fibres  be  tubes  containing  nervous  matter,  the  walls  of 
the  tubes  would  appear  to  have  an  insulating  relation  to  the  action  of 
their  contents.  On  the  other  hand,  in  the  brain  and  spinal  cord,  the 
nervous  matter  is  not  contained  in  such  distinct  tubes;  and  between  the 
fibres  there  is,  particuiarly  in  the  grey  substance,  a  granular  matter, 
which  appears  to  facilitate  the  communication  pf  influences  from  one 
fii^re  to  anpther,  even  where  no  anastomosis  of  fibres  exists.  Hence, 
perhaps,  the  proneness  to  the  propagation  of  a  particular  state  of  one 
part  of  the  brain  and  spinal  cord  to  another  part,  and  the  phenomena  of 
the  reflection  of  impressions  from  the  origin  of  sensitive  roots  upon  the 
contiguous  motor  roots  of  the  nerves.  Still,  however,  the  propagation 
'of  nervous  action  in  the  fibres  of  the  spinal  cord  generally  follows  more 
readily  the  direction  of  the  fibres  than  any  other  course;  otherwise  the 
excitation  of  the  roots  of  particular  nerves  to  motor  action,  and  the  in- 
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brain  on  the  nerves  of  the  opposite  side  of  the  spinal  cord, 
possible.  The  laws  of  action  of  the  grey  substance  in  the 
!  brain  and  spinal  cord,  and  on  the  surface  of  the  brain,  are 
Ve  must  also  be  content  to  exclude  from  consideration  the 
the  fibrous  structure  of  the  brain  in  all  the  intellectual 

(ady  considered  the  phenomena  of  the  reflection  of  nervous 
lensitive  upon  motor  fibres  through  the  medium  of  the 
^^explanation  of  which  is  afforded  by  the  structure  of  the 
)r  of  the  brain,  we  Haveniere  to  investigate  the  motor 
the  central  organs,  and  still  more  the  paths  of  the  propa- 
uitions  and  motions,  and  the  crossing  of  the  sensitive  and 
:es  in  them. 

d  to  the  motor  apparatus,  we  must  distinguish  between 
vhen  wounded,  excite  convulsions,  and  those,  the  mutii&- 
diminishes  the  motor  power  without  causing  muscular 
je.  This  is  an  important  distinction,  which  we  owe  to 
must,  at  a  future  period,  have  a  great  influence  on  the 
cerebral  diseases.  Experiments  of  M.  Flourens  and  M. 
'  that  the  first  class  of  motor  apparatus  includes  only  the 
igemina,  the  medulla  oblongata,  and  the  spinal  cord;  to 
I  belong  all  the  other  motor  apparatus  of  the  encephalon, 
3tic  ihalami,  the  corpora  striata,  and  the  cerebrum  gene- 
it  has  any  motor  influence,  the  pons  Varolii  and  the  cerci- 
njuries  inflicted  on  these  parts,  the  power  of  motion  is 
Jlft.convu!siqns  are  excited;  while  injury  to  the  medulla 
I  spinal  cord  infallibly  excites  convulsions.  Although, 
3g  to  the  reaction  of  different  parts  of  the  brain  on  each 
3able  that  other  parts  than  the  corpora  quadrigemina  and 
gata  may,  in  disease,  excite  convulsions  by  sympathy; 
ithology  teaches  us  that  such  is  the  case;  yet,  from  the 
mtioned,  we  may  infer  that,  when  the  power  of  motion 
defective  from  disease  in  the  central  organs,  the  cause 
either  in  the  corpus  striatum,  thalamus  opticus,  hemi« 
cerebellum,  medulla  oblongata,  or  medulla  spinalis^  but 
r  convulsions,  or  convulsion  with  paralysis  dependent  on 
brain  or  spinal  cord,  the  seat  of  the  disease  is  more  likely 
ra  quadrigemina,  spinal  cord,  or  medulla  oblongata,  than 
t  of  the  nervous  centres. 

)ortant  circumstance  with  reference  to  the  laws  of  action 
id  spinal  cord,  is  the  crossing  of  the  nervous  actions  in 
experiments  on  animals,  and  pathological  observations,  it 
ions  of  the  spinal  cord  and  medulla  oblongata  always 
3ns  or  paralysis  on  the  same  side  of  the  body.  This  is 
le  in  the  case  of  the  spinal  cord,  for  in  it  there  is  no 
the  fibres  of  the  two  latter  halves;  but,  with  rererence 
a  oblongata,  the  above  result  of  the  experiments  of 
Jertwig  is  not  perfectly  consonant  with  the  anatomical 
e  part;  for  since,  in  the  medulla  oblongata,  the  fibres  of 
ramidalia  certainly  decussate,  wbile  those  of  the  other 
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fhacicuK  continue  their  course  on  the  same  side  of  the  spinal  cord,  it 
would  be  expected  that,  according  to  the  part  of  the  mednlla  oblongata 
affected  by  the  lesion,  the  consequences  would  be  observed  on  the  op- 
posite or  on  the  same  side  of.  the  body.  M.  Lorrey  had,  indeed,  ob- 
served that  when  wounds  were  inflicted  npon  the  medulla  oblongata, 
the  convulsions  were  constantly  on  the  same,  the  paralysis  on  the  op- 
posite side  of  the  body.  To  this  result,  however,  those  of  the  experi- 
ments of  Flourens  and  Hertwig  are  directly  opposed;  but  we  must 
recollect  that  their  experiments  were  Instituted  principally  on  the  lateral 
fasciculi  only  which  do  not  decussate;  and  it  is  very  probable  that,  if 
the  corpora  pyramidalia  be  wounded  above  the  decussation  of  the 
fibres,  the  effects  produced  would  be  seen  on  the  opposite  side  of  the 
body.  Injuries  inflicted  on  the  cerebellum,  the  corpora  quadrigemina, 
and  cerebrum  are  always  productive  of  loss  of  power  on  the  opposite 
side;  and  mutilation  of  the  hemispheres  and  corpora  quadrigemina,  of 
blindness  of  the  eye  of  the  opposite  side.  Such  is  the  general  result  of 
the  experiments  of  Flourens  and  Hertwig.  With  reference  to  the  cere-- 
bcal  hemispheres,  it  had  been  already  proved,  partly  by  experiment, 
and  partly  by  pathological  observations  by  Caldani,  Arnemann,  Val- 
salva^ Wenzel,  and  others.  (See  TVeviranuSy  Biologies  vi.  p.  1 17. — Bur- 
dacA,  loc.  cit.  iii.  p.  365.)  M.  Magendie  has  come  to  the  same  conclusion 
with  regard  to  the  cerebral  hemispheres;  and  by  extirpation  of  one  eye 
in  birds  he  has  produced  atrophy  of  the  opposite  optic  lobe.  The  in- 
fluence of  injury  of  the  corpora  quadrigemina,  is,  according  to  M. 
Flourens,  produced  both  in  the  anterior  and  in  the  posterior  direction 
en  the  opposite  side;  anteriorly  in  the  eyes,  posteriorly  in  the  other 
parts  of  the  body.  Pathological  observations  confirm,  for  the  mosC 
jpart,  these  results;  the  rare  exceptions  which  have  been  met  with  are 
eollected  by  Treviranus  and  Burdach.  According  to  Burdach's  calca- 
lation,  in  two  hundred  and  sixty-eight  cases  of  lesion  of  one  side  of  the 
brain,  ten  presented  paralysis  on  both  sides  of  the  body;  and  two  hun- 
dred and  fifty-eight,  hemiplegia,  in  only  fifteen  of  which  was  the  para- 
lysis on  the  same  side  as  the  lesion.  The  convulsions  were  in  twenty- 
five  cases  on  the  same  side  as  the  disease;  in  three  cases,  on  the  opposite 
side.- 

These  facts  explain  the  origin  of  a  dogma  which  has  prevailed  since 
the  time  of  Hippocrates,  namely,  that  in  wounds  of  the  brain  the  con- 
vulsions occur  on  the  wounded,  the  paralysis  on  the  opposite  side.  In 
fact,  if  the  wound  have  a  certain  direction,  it  may  produce  both  these 
effects  at  the  same  time,  by  implicating  different  parts.  No  one  has 
contributed  to  elucidate  these  difficulties  so  much  as  M.  Flourens:  he 
has  shown  that  injury  of  the  spinal  cord  and  medulla  oblongata  causes 
paralysis  and  convulsions  on  the  same  side,  and  injury  of  the  corpora 
quadrigemina  paralysis  and  convulsions  on  the  opposite  side;  while 
injury  of  the  thalami,  corpora  striata,  and  hemispheres  of  the  cerebrum 
and  cerebellum,  induces  paralysis  on  the  opposite  side  of  the  body  with- 
out convulsions.  If  both  cerebellum  and  medulla  oblongata  were 
wounded  simultaneously  on  the  same  side,  paralytic  weakness  of  the 
opposite  side,  and  convulsions  and  paralysis  of  the  same  side  as  the 
injury,  were  the  consequence.    Although  Flourens  {Sur  le  Syst.  Net- 
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)  has,  by  his  experiments,  thrown  much  lighten  the  cross 
ms  which  give  rise  to  paralysis  and  convulsions,  yet  he 
ve  gone  too  far  in  concluding  that  lesions  on  one  side  of 
cannot  give  rise  to  convulsions'  on  the  same  side  of  the 
I  very  remarkable  that  in  the  cases  of  lesion  of  one  side 
x>llected  by  Burdach,  convulsions  occurred  in  twenty-five 
ame  side  of  the  body  as  the  disease;  in  only  three  casei 
te  side.     Of  these  cases,  those  are,  with  reference  to  om 
iially  important  in  which  there  was  paralysis  on  the  op- 
ith  convulsions  on  the  same  side  as  the  cerebral  lesion.  la 
s  of  lesion  of  one  corpus  striatum,  attended  with  paralysis 
B  side  of  the  body,  convulsions  occurred  on  the  same  side 
al  disease  in  six  instances,  and  in  no  instance  on  the  op-* 
Phis  appears  to  be  very  much  in  favour  of  the  old  opinioii 
nvulsions  occur  in  cases  of  lesion  of  one  side  of  the  brain,, 
of  the  opposite  side  of  the  body,  they  most  frequently 
afside  as  that  on  which  the  cerebral  lesion  is  seated, 
decussation  of  the  corpora  pyramidalia  of  the  medulla 
ime  known,  it  could  not  fail  to  be  perceived  that  the  croas 
brain  upon  the  body  were  thereby  explained.    The  oc- 
)  paralysis  on  the  opposite  side  of  the  body  to  the  cerebral 
>ves  that  these  decussating  fasciculi  themselves  are  the 
adulla  oblongata  principally  engaged  in  conducting  the 
B  of  the  brain  to  the  trunk;  whilst  the  fact,  that  the  other 
cephalic  portion  of  the  cord  do  not  decussate,  affords  an 
those  more  rare  cases  in  which  lesions  of  the  brain  pro- 
its  on  the  same  side  of  the  trunk. 

iter  difficulty  in  explaining  the  modes  of  action  of  the 

uence  on  the  cerebral  nerves  of  the  opposite  or  same  side 

.^or  since  these  nerves  arise,  for  the  most  part,  above  the 

sation  of  the  pyramidal  bodies,  the  structure  on  which 

1  of  injuries  of  the  brain  on  them  depends  must  have 

t;  and,  what  involves  the  question  in  still  more  difficulty 

the  nerve  of  the  same  side  is  as  frequently  affected  as 

posite  side  in  cases  of  cerebral  lesion.     For  a  detail  of 

ifer  to  Burdach's  work,  in  which  an  admirable  industry 

!n  twenty-eight  cases  of  cerebral  lesion  of  one  side,  the 

opposite  side  of  the  face  were  paralysed;  in  ten  cases, 

ne  side.     Paralysis  of  the  eyelid  was  in  six  cases  on  the 

Lve,  on  the  opposite.     Paralysis  of  the  muscles  of  the 

ht  cases  on  the  same  side;  in  four,  on  the  opposite. 

)  iris,  in  five  cases  on  the  same  side;  in  five  also  on  the 

rdach,  op.  cit.  iii.  p.  372.)     The  tongue  is  generally 

the  paralysed  side  of  the  face. 

)ns  in  man  as  frequently  cause  paralysis  of  the  retina  of 
Ihat  of  the  opposite  side.  Since  each  optic  nerve  derives 
1  hemispheres,  this  is  in  some  measure  intelligible.  But, 
)  theory  of  the  optic  nerves,  a  lesion  of  one  side  of  the 
3roduce  not  entire  blindness  of  either  retina,  but  merely 
half  of  each,  (see  the  account  of  single  vision  with  the 
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two  eyes  in  the  5th  Book,)  so  as  to  cause  blindness  of  the  right  or  left 
side  of  the  two  eyes,  which  has,  indeed,  been  observed  as  a  temporiry 
symptom.  (See  Mdller^s  Physiol,  den  GesichtsinneSj  p.  93.)  This, 
however,  is  not  the  ordinary  effect  of  paralysis  of  one  side  of  the  braid; 
usually,  either  one  eye  or  the  other  is  entirely  blinded.  It  is  remarkable 
that  in  animals  lesion  of  one  side  of  the  brain  always  causes  blindness 
of  the  opposite  eye;  the  difference  of  this  result,  from  what  takes  place 
in  the  human  subject,  is  explained  by  the  structure  of  the  commissure 
of  the  optic  nerves  in  animals:  nearly  all  the  fibres  of  the  two  nerves 
decussate.  This  structure  is  necessary  in  them;  since,  from  the  direction 
of  their  eyes,  the  greater  part  of  the  field  of  vision  of  each  embraodi 
entirely  different  objects.  Only  the  objects  in  the  middle  line  throw 
their  image  on  both  retinae;  a  small  part  only,  therefore,  of  the  retina 
of  the  one  eye  is  identical  in  sensation  with  that  of  the  other,  and  re* 
ceives  its  fibres  from  the  same  side  of  the  brain. 

From  the  preceding  facts,  relative  to  the  laws  of  action  of  the  brain, 
and  from  those  before  detailed  relative  to  the  action  of  the  spinal  cord, 
we  may  form  a  classification  of  the  different  kinds  of  paralysis  and 
convulsions,  based  on  differences  in  the  seat  of  the  lesion  which  pro- 
duced them. 

1.  Paraly»e». — Paralysis  may  have  its  seat  in  individaal  nerves,  and  not  in  the 
brain  and  spinal  cord;  or  it  may  be  the  resalt  of  disease  in  the  latter  pans.  The  loetl 
paralytic  affections  of  nerves  arise  from  any  cause  which  destroys  their  power  of  pro> 
pagating  nervous  action;  as  rheumatic  affections,  division,  tumours,  &c.  The  sreateh 
Bomber  of  paralytic  affections,  however,  are  dependent  on  lesion  of  the  central  orsau, 
the  brain,  and  spinal  cord.  In  these  cases,  the  paralysis  affects  either  a  veriicu  half 
of  the  body,  hemiplegia,  or  a  horizontal  half,  paraplegia.  In  the  first  form,  the  cause 
has  its  seat  on  one  side  of  the  brain  and  cord:  in  the  second  form,  it  is  generally 
seated  on  both  sides,  but  may  be  on  one  side  only;  for  paraplegia  is  often  prodaoed 
when  the  disease  implicates  one  side  only  of  the  brain. [t]  * 

a.  ParalytiB  from  diseoie  cf  the  tpinal  cord. — In  this  class  of  cases,  the  seat  of  the 
disease  is  generally  indicated  by  tlie  extent  of  the  parts  paralysed.  If  merely  the 
lower  extremities  and  sphincters  have  lost  their  power,  it  is  generally  only  the  lowest 
portion  of  the  cord  that  is  affected;  if  the  disease  be  seated  at  a  higher  point,  a  larger 
part  of  the  body  will  be  paralysed.  If  the  disease  affect  the  cord  below  the  origin  of 
the  fourth  cervical  nerve,  the  paralysis  will  embrace  the  upper  extremities,  alone  or 
together  with  all  the  parts  below  them,  hut  not  the  phrenic  nerve.  If  lesion  affects 
the  cord  at  a  higher  point  than  this,  the  phrenic  nerve  also  is  deprived  of  its  power. 
Lesion  of  the  medulkt  oblongata  paralyses  the  cerebral  nerves  which  arise  from  it,  as 
well  as  the  whole  trunk.  1  am  acquainted  with  a  case  of  disease  of  the  medulla 
oblongata  from  the  pressure  of  a  small  tumour,  in  which  imperfect  paralysis  grado- 
ally  affected  all  the  muscles  of  the  body  simultaneously;  the  upper  and  lower  extre- 
mities, the  tongue,  eye,  and  face,  were  all  partially  paralysed.  In  the  majority  of 
eases  of  paralysis  from  disease  of  the  spinal  cord,  the  seat  of  the  lesion  is  indicated 
by  the  extent  to  which  the  paralysis  extends  upwards.  Injury  to  the  lumbar  portion 
of  the  cord  constantly  paralyses  the  lower,  and  never  the  upper  extremities.  If  the 
arms  be  paralysed,  the  lesion  must  have  its  seat  above  the  origin  of  the  brachial 
nerves;  but  the  lower  limbs  are  in  this  case  not  necessarily  affected.  The  effects  of 
disease  of  the  spinal  cord  are  always  seated  on  the  same  side  as  the  lesion.  If  it  be 
the  sensibility  of  the  limbs  that  is  lost,  the  cause  most  probably,  but  not  certainly, 
has  its  seat  in  the  posterior  columns  of  the  cord;  if  it  be  motion  which  is  lost,  the 
anterior  columns  are  more  frequently,  but  not  constantly,  the  seat  of  the  lesion.  Para- 
lysis from  disease  of  the  spinal  cord  is  sometimes  complete,  sometimes  incomplete: 
when  complete,  the  propagation  of  cerebral  influence  is  wholly  interrupted  at  eome 
point;  when  incomplete,  the  influence  of  the  will  is  still  transmitted  to  the  muscles, 
oat  the  intensity  of  the  motor  power  is  lost;  this  is  what  is  observed  in  atrophy  of 
the  spinal  cord,  or  tabes  docsalis. 
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rom  disea»e  cf  ike  encepAoion.— The  paralj tic  affeotions  of  this  class 
nseWes  in  any  part  of  the  trunk,  in  the  face  as  well  aa  in  the  apper 
mitieii.  Paralyaie  of  the  nioaclea  of  the  leg,  or  of  the  8phinolera« 
)e  the  result  of  disease  either  of  the  hrain  or  of  the  spinal  cord.  It 
to  depend  on  disease  in  the  brain,  when  other  parts  or  functions  an 
ire  under  the  influence  of  cerebral  nerTea;  aa,  for  example,  the  masolM 
functions  of  vision,  and  hearinff,  speech,  or  the  moTements  of  the 
sles  of  the  face,  &c.  The  paratysia  may  consist,  likewise,  either  of 
»r  of  loss  of  sensibility,  or  of  both.  Paralysis  of  the  motor  power 
esion  of  the  corpora  striata,  the  optic  thalami,  the  inTestments  of  the 
beres  themselves,  the  corpora  quadrigemina.  the  pons,  the  medallm 
>  eerebellum.  Serres,  Bouillaud,  and  Pinel-Grand-Charop  maintain 
>nnd  paralysis  of  the  upper  extremities  more  frequently  dependent  oa 
halami  optici;  paralysis  of  the  lower  extremities,  on  disease  of  tho 
)ut  this  is  by  no  means  well  established.  When  it  is  the  sensibility 
is  paralysed,  the  seat  of  the  disease  may  be  very  various.  Blindnoa* 
y  caused  by  disease  of  the  cerebral  hemispheres,  particularly  of  the 
by  disease  of  the  corpora  quadrigemina.  Loss  of  common  sensation 
in  disease  of  the  medulla  oblongata.  Paralysis  from  disease  within 
ewise  be  complete  or  incomplete;  the  loss  of  motor  power  is  moat 
)lete  when  the  lesion  is  seated  in  the  corpora  striata,  optic  thalamic 
pons.  Incomplete  paralysis  is  most  generally  dependent  on  diseaae 
)mispheres,  or  of  the  cerebellum.  The  paralysis  is  most  apt  to  be 
mvulsions  or  spasmodic  contractions  of  muscles  when  the  corpora 
e  medulla  oblongata,  or  the  parts  at  the  base  of  the  cerebmm,  are  the 
se.     Paralysis  of  the  trunk  is  generally  on  the  opposite  side  to  the 

0  affections  of  the  head  as  frequently  on  the  same  as  on  the  opposite 

.—The  cause  of  convulsions  may  be  seated  in  the  nervea  themselTeet 
a  the  spinal  cord. 

erf  the  n^roea.— Such  are  the  conyulsions  caused  by  the  reflection  on 
the  spinal  cord  and  brain,  of  an  influence  communicated  to  theoii 
i  diseases  of  nerves  as  tumoure,  or  neuralgric  aifectiona;  from  any 
n  on  sensitive  nerves;  or,  in  children,  from  any  local  disease. 

1  ^  the  spinal  cord. — These  are  regulated  by  the  same  laws  as  para- 
om  disease  of  the  same  part. 

;  of  the  6ratn.— These  also  observe  the  same  laws  as  paralysis  from 

It  is,  however,  to  be  remarked,  that  lesions  of  the  cerebral  hemi" 

helium,  and  the  pons  Varolii,  are  more  prone  to  cause  paralysis; 

rpora  quadrigemina  and  medulla  oblongata,  to  cauae  both  paralyaie 


s  investigated  the  laws  of  the  propagation  of  nenroos  in- 
brain  and  spinal  cord,  we  have,  in  the  last  place,  to  con- 
enoniena  resulting  from  disturbance  of  the  equilibrium  ia 
the  brain.    Division  of  certain  parts  of  the  encephalon 

character,  and  one  calculated  to  be  of  great  sorvioe  in  diagnosis,  has  been 
M.  Hall,  as  distinguishing  paralytic  ancctions  dependent  on  disease  of  the 
from  those  due  to  lesion  of  the  nervous  centre^!.  He  has  found  that  when 
either  in  experiments  or  by  disease,  from  their  connection  with  both  spinal 
,  the  muscles  which  they  supply  gradually  lose  their  irritabiliiy;  while,  if 
nd  on  lesion  of  the  brain  or  spinul  cord,  su  that  the  nerves,  though  no  longer 
,  are  still  connected  with  a  part  of  the  central  organs,  the  paralysed  rouseles 
le  tht'ir  irritability,  but  are  excited  by  galvaniNm  to  stronger  contraetions 
iding  sound  muscles.  Dr.  Hall  shows  that  in  this  way  we  may  distinguish 
of  the  fucc  from  cerebral  disease  and  paralysis  of  the  facial  nerve;  between 
arm  or  leg  and  disease  of  the  nerves  of  those  limbs;  between  disease  of  the 
dorsal  region  and  disease  of  the  Cauda  equina  in  the  lumbar  region,  ^^ 
per  in  vol.  zxii.  of  the  Med.  Chir.  Trans,  p^  316.>-7Vaii«faler. 
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gives  rise  to  phenomena  which  seem  to  indicate  a  disturbance  in  the 
eqoilibrium  between  forces  opposed  to  each  other  in  the  two  sides  of 
die  brain.    These  phenomena  form  a  class  of  a  quite  peculiar  character. 

A  certain  part  of  the  brain  being  divided,  the  action  of  thocorrespond- 
ing  part  of  the  other  side  becomes  exaggerated.  A  vertical  section  of 
the  pons  Varolii  on  one  side  causes  the  animal  to  maice  a  number  of 
revolutions  towards  the  same  side;  and  this  motion  is  arrested  by  di- 
Tiding  the  pons  on  the  other  side.  M.  Hertwig  confirms  the  result  of 
M.  Magendie's  experiments^  as  to  the  rolling  motion  of  the  animal  ex- 
cited by  division  of  the  pons  on  one  side;  and  states,  moreover,  that  the 
eyes  were  turned  from  their  ordinary  position,  one  upwards,  the  other 
downwards.  A  transverse  section  of  the  pons  being  made,  the  dog 
could  stand,  but  could  not  advance  a  step  without  falling;  voluntary 
movements  could  still  be  performed,  and  sensation  was  perfect. 

'  Division  of  the  crura  cerebelli  {processus  adpontetn)  likewise  in  M. 
Magendie^s  experiments  caused  the  animal  to  roll  upon  its  axis  towards 
the  side  on  which  the  wound  was  inflicted;  performing  sometimes  as 
BMiny  as  sixty  revolutions  in  a  minute;  and  M.  Magendie  states  that  be 
has  known  them  continue  for  a  week  without  intermission. 

After  the  removal  of  both  corpora  striata,  the  animals  manifested  an 
irresistible  imipulse  to  dart  forwards,  even  when  vision  was  lost. 

Magendie  has  likewise  observed  that  injuries  of  the  cerebellum  in 
Mammalia  and  birds  cause  a  tendency  to  the  performance  of  retrograde 
movements.  He  observed  the  same  phenomenon  after  wounds  had 
been  inflicted  on  the  medulla  oblongata:  pigeons,  in  which  he  had 
thrust  a  needle  into  that  part  of  the  encephalon,  were  observed  by  him 
tot  more  than  a  month  to  walk  backwards,  never  forwards;  and  be 
states  that  they  actually  flew  backwards, 

M.  Magendie  has  observed,  lastly,  that  certain  kinds  «f  injury  to  the 
medulla  oblongata  are  followed  by  the  animals  moving  in  a  circle,  as  on 
a  riding  course.  He  performed  the  experiment  in  a  rabbit  three  or  four 
months  old;  he  exposed  the  fourth  ventricle,  raised  the  cerebellum,  and 
then  made  a  perpendicular  section  into  the  floor  of  the  ventricle  at  the 
distance  of  li  to  1|  of  a  line  from  the  mesial  line:  when  the  section 
was  made  on  the  right  side,  the  animal  turned  towards  the  right;  when 
on  the  left,  it  turned  towards  the  left. 

From  tlie  above  important  facts  M.  Magendie  infers  the  existence  in 
(be  brain  of  certain  impulses  by  which  the  animal  is  necessitated  to 
move  in  certain  directions;  by  one  forwards,  by  another  t)ackwards,  by 
a  third  to  the  right,  and  by  a  fourth  to  the  left:  the  detail  of  these  move- 
ments  he  supposed  to  be  directed  by  volition;  and  he  imagines  that  in 
the  normal  state  of  the  body  the  different  impulses  balance  each  other. 
Whether  this  explanation  of  the  phenomena  be  the  correct  one,  cannot 
in  the  present  state  of  our  knowledge  be  determined.  It  may  easily  be 
conceived  that  an  animal  might  be  impelled  to  such  movements,  if  from 
the  nature  of  the  injury  to  the  brain  a  certain  motion  of  the  nervous 
principle  in  one  direction  should  take  place  in  it,  giving  him  the  sensa- 
tion of  giddiness, — that  is  to  say,  of  surrounding  objects,  or  of  his  own 
body,  moving  round, — when  he  would  endeavour  to  resist  this  apparent 
movement,  or  would  follow  it. 
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rhe  phenomena  last  considered  relate  to  the  motor  functions,  but 
re  are  similar  phenomena  of  the  sensorial  kind.  Certain  influences 
ing  on  the  brain  give  rise,  not  to  rotatory  motions,  but  to  sensations 
rotation.  These  are  the  revolving  sensations  of  vertigo,  of  which 
are  principally  conscious  by  the  sense  of  vision.  It  is  a  welUknowa 
;  that  if  any  person  turns  round  quickly  upon  his  own  axis  for  a 
rt  time,  he  not  only  begins  to  lose  his  recollection,  but  also,  when  he 
ses  to  move,  seems  to  see  the  objects  around  him  still  revolving  in 
same  direction.  Purkinje  has  made  some  very  curious  observations 
Ltive  to  this  phenomenon.  It  would  appear  irom  his  experiments, 
t  the  direction  which  the  revolution  of  the  images  shall  take  can  be 
ulated  by  the  position  of  the  body,  and  particularly  of  the  head  while 
ling  round,  and  by  the  position  of  it  afterwards  when  we  have  ceased 
nove  round.  It  is  only  when  the  experimenter  has  kept  his  head 
he  ordinary  vertical  position  while  turning  round,  that  afterwards, 
en  he  stands  still  with  his  head  upright,  the  objects  appear  to  revolve 
be  horizontal  direction.  If  while  turning  he  holds  his  head  with  the 
iput  upwards,  and  then  raises  it  when  he  stands  still,  the  apparent 
lion  is  like  that  of  a  wheel  placed  vertically  revolving  around  its  axis, 
d  thus,  according  to  the  difference  in  the  position  of  the  head  when 
ling  and  when  standing  still  afterwards,  the  direction  of  the  apparent 
olving  motion  can  be  altered.  If,  however,  the  body  lying  upon  a 
[  is  made  to  revolve  with  this  disk,  an  apparent  motion  of  objects  in 
grants  is  perceived.  It  results  from  a  repetition  of  these  experiments 
t  the  apparent  motion  produced,  when  the  rotation  of  the  body  has 
sed,  and  the  position  of  the  head  is  changed,  always  seems  to  take 
oe  in  the  plane  perpendicular  to  that  axis  of  the  head,  regarded  as  a 
jore,  around  which  the  real  motion  was  performed.  From  this  re- 
rkabie  residt  Purkinje  infers  that  turning  of  the  head  and  whole 
ly  gives  to  the  particles  of  the  brain  the  same  tendencies  to  particular 
tions  as  the  particles  of  a  revolving  disk  receive,  and  that  this  dis- 
Mtnce  of  their  state  of  rest  is  manifested  by  the  apparent  movements 
rartigu.  We  might  perhaps  better  explain  the  phenomenon  by  snp» 
iug  it  to  result  from  the  impressions  of  the  blood  in  a  particular 
sction  on  the  cerebral  substance.  It  is  possible,  however,  that  the 
olving  motion  of  the  body  may  cause  an  aberration  of  a  more  subtile 
iciple  than  the  particles  of  the  cerebral  substance  or  blood, — in  fact, 
aberration  of  the  nervous  principle  itself,  such  as  affects  the  sen* 
ium  so  as  to  produce  the  apparent  motions  of  objects.  It  is  certain 
t  narcotic  substances  give  rise  to  the  vertiginous  sensations  of  the 
tions  of  objects,  although  they  produce  no  mechanical  disturbance  of 
brain.  But  in  whatever  manner  they  be  explained,  these  sensorial 
tnomena  afford  a  very  interesting  parallel  to  the  revolving  motions  of 
body,  caused  by  a  disturbance  of  the  equilibrium  of  nervous  actions 
notor  parts  of  the  brain. 
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SECTION  I. 
OF  THE  ORGANS,  PHKNOMXNA,  AND  CAUSE  OF  MOTION  IN  ANIMALSi, 

CHAPTER  I. 

Of  the  different  kinds  of  Motion  and  Motor  Organs. 

'  The  vital  motions  of  the  solid  parts  of  animals  present  two  principal 
kinds,  differing  in  the  organs  of  their  production,  in  their  phenomena, 
and  in  their  causes:  they  are,  the  motion  from  contraction  of  fibres,  and 
the  oscillatory  motion  of  cilia  with  free  extremities,  in  which  no  other 
mganic  apparatus  of  motion  can  be  distinctly  demonstrated.  The  first 
kind  of  motion  is  produced  by  the  shortening  of,  fibres,  which  either 
have  a  longitudinal  direction  and  are  fixed  at  both  extremities,  or  form 
circular  bands;  the  contraction  or  shortening  of  the  fibres  bringing  the 
fixed  parts  nearer  to  each  other.  This  kind  of  motion  is  generally 
effected  by  means  of  muscular  fibres;  in  some  few  instances  it  is  pro- 
duced by  fibres  which  diflfer  from  the  muscular  in  structure  and  chemi- 
cal properties.  The  second  kind  of  motion  consists  in  the  vibration,  in 
a  determinate  direction,  of  microscopic  cilia  with  which  the  surfaces  of 
certain  membranes  are  beset.  Here  only  the  base  of  the  motor  organ 
is  attached.  By  the  motion  of  the  contractile  fibres,  and  especially  by 
muscular  motion,  solid  parts  of  the  body  are  approximated  to  each  other, 
or  fluids  are  impelled  onwards  in  muscular  tubes.  By  the  motion  of 
cilia,  fluids  and  minute  microscopic  particles  of  solid  matter  are  merely 
made  to  move  over  the  surface  of  membranes;  the  fluids  do  not  here 
fill  the  entire  cavity  of  the  tubes,  nor  do  the  membranes  themselves  con- 
tract. The  motion  due  to  contractile  fibres  prevails  much  more  exten- 
sively through  the  body  than  the  ciliary  motion. 

The  muscular  fibrous  structure  is  distributed  in  three  strata,  the  ar- 
rangement of  which  is  connected  with  the  earliest  process  of  organisa- 
tion. All  the  systems  of  the  body  are  developed  from  the  laminae  of 
the  germinal  membrane,  which  originally  covers  the  yolk  in  the  form 
of  a  disk;  this  membrane  is  formed  of  three  layers,  the  external  or 
•erous,  the  internal  or  mucous,  and  the  middle  or  vascular  layer:  aud 
when  the  embryonic  portion  has  become  separated  from  the  rest  of 
the  germinal  membrane  by  a  constriction  corresponding  to  the  future 
umbilicus,  the  parts  of  the  body  endowed  with  animal  or  voluntary 
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tton  are  developed  in  the  external  layer;  those  endowed  with  oi^nic 
nvoluntary  motion  in  the  internal  layer;  and  in  the  middle  or  va»- 
ir  layer  is  formed  the  heart,  together  with  all  the  parts  belonging  to 
vascular  system,  which,  at  a  later  period,  ramify  in  the  structures 
eloped  in  the  external  and  internal  laminae.  The  portion  of  the 
y  formed  in  the  external  layer  of  the  germinal  membrane  separates 
I  the  diflferent  structures  of  the  animal  nervous  system,  the  osseous 
»m,  the  system  of  voluntary  muscles,  and  the  skin.  The  portion  of 
body  developed  from  the  mucous  layer  separates  into  the  different 
ictures  of  organic  life,  namely,  the  fibrous  structures  forming  the  sup- 
t  of  the  different  organs,  such  as  the  fibrous  tunic  of  the  intestinal 
9,  (the  tunica  nervea  of  the  older  anatomists,)  the  serous  membranes, 
mucous  membranes,  the  muscular  coat  lying  between  the  fibrous 

the  serous,  and,  lastly,  the  organic  nervous  system.  ( Fbn  Baer, 
ttoickelungs-geschichle.  Scholien,)  Thisorganicportionof  the  body 
udes  the  intestinal  tube,  the  urinary  and  the  generative  apparatus, 
of  which  have  in  nearly  their  whole  extent  an  organic  muscular 
)r,  which  is  the  sole  cause  of  all  the  motions  they  exhibit.  The 
per  pharyngeal  muscles  and  the  perinsal  muscles,  which  are  en- 
red  with  voluntary  motion,  and  belong  to  the  animal  portion  of  the 
y  developed  in  the  external  lamina,  are  not  here  inci tided.  Even 
efferent  ducts  of  the  accessory  glands  of  the  organic  system  have  a 
tcular  coat  continued  on  them  from  the  muscular  layer  of  the  great 
»;  for,  though  the  muscular  coat  of  these  ducts  has  not,  it  is  Irue, 
1  their  delicacy,  been  demonstrated  so  plainly  as  the  other  mem- 
les,  yet  its  presence  is  certain:  the  ductus  communis  choledockuiy 
ureters,  and  the  vasa  deferentia  have  been  seen  to  contract,  both 
itaneously  and  under  the  application  of  stimuli.  That  the  efferent 
ts  and  their  glands  are  originally  developed  from  the  walls  of  the 
$8  into  which  they  open  is  an  ascertained  fact,  at  least,  with  regard 
le  glandular  apparatus  of  the  intestinal  tube. 
he  muscles  of  animal  life  are  distinguished  from  the  pale  muscular 
s  of  the  organs  of  the  organic  portion  of  the  body,  which  are  not 
ect  to  volition,  not  merely  by  their  moving  under  the  influence  of 
lion,  by  their  red  colour,  and  their  solidity,  but  even  by  the  great 
pence  of  their  microscopic  character.  We  see  that  the  primitive 
cular  fasciculi  of  the  animal  system  present,  under  the  microscope, 
sverse  markings,  and  that  the  primitive  fibres  of  these  muscles  have 
liar  varicose  enlargements  following  each  other  in  close  succession; 
le  the  fasciculi  of  the  muscular  coats  of  the  intestines,  urinary  blad- 
and  uterus  are  destitute  of  those  cross  markings,  and  their  primitive 
Is  uniform,  not  varicose,  threads.  In  the  oesophagus  the  two  sys- 
I  border  closely  on  each  other;  the  muscles  of  the  pharynx  belong 
A  animal  system,  those  of  the  oesophagus  to  the  organic;  but  the 

fourth  of  the  proper  oesophagus  receives  an  investment  from  a 
nm  of  muscular  fasciculi,  descending  on  it  in  an  arched  form  to  a 
led  limit,  in  which  Schwann  has  discovered  the  transverse  mark- 

and  the  fibrils  of  varicose  structure;  these,  however,  belong  to  the 
yngeal  muscular  apparatus:  no  such  fasciculi  are  met  with  on  the 
of  the  oesophagus.    But  according  to  M.  Ficinus  {Dt  Fibrm  Bilu^ 
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ng  life:  in  disease  this  power  of  resisting  imbibition  is  frequently 
and  after  death  it  always  ceases.  Our  ideas  concerning  the  increased 
ly  of  tissues  and  astringent  substances^  as  far  as  they  are  founded  on 
rvationsy  presuppose  a  variability  in  the  power  of  opposing  theper- 
tion  of  fluids,  which,  according  to  physical  laws,  must  ensue, 
he  second  primary  kind  of  motion  in  animals,  that  of  vibrating  cilia, 
iserved  on  certain  membranes  both  in  the  animal  and  in  the  organic 
ion  of  the  body;  and  it  is  in  some  measure  probable  that  it  exists, 
iast  in  some  of  the  lower  animals,  in  the  vascular  system  also, 
ely,  in  the  interior  of  the  vessels.  It  is  seen  in  many  of  the  lower 
lals  in  the  animal  part  of  the  body,  namely,  over  the  entire  surface. 
16  higher  animals  it  is  seen  on  the  surface  of  the  body  during  the 
ryo  state  only,  as  in  the  embryo  of  the  frog;  and,  in  some  animals, 
le  larva  state,  as  in  the  tadpole;  but  it  has  been  discovered  by  Pur- 
I  lo  exist  in  the  parietes  of  the  ventricles  of  the  brain,  both  in  the 
ryonic  and  adult  state  of  mammalia.  In  the  organic  portions  of  the 
r  the  mucous  membranes  (not  all  of  them)  present  it,  even  in  the 
est  animals,  up  to  man  himself.  It  is  possible  that  the  motion  of 
itive  fluids  which  is  observed  in  the  lower  animals  where  there  is 
leart  and  no  distinctly  contracting  vessels,  is,  in  all  cases,  merely 
dect  of  the  motion  of  cilia;  and  the  circular  motion  of  the  sap  in 
sells  of  many  plants  may  be  produced  in  a  similar  way.  The 
lomena  of  this  kind  have  been  described  at  pages  4S  and  166;  they 
ot  in  any  way  tend  to  confirm  the  idea  of  a  spontaneous  motion  of 
s. 


CHAPTER  II. 

or   CILIART   MOTION.* 

B  phenomena  of  ciliary  motion  were  observed  in  the  Mollusca  by  De  Heide, 
renhoek,  Baker,  Swammerdam,  and  Baster,  aUhoueh  the  mode  of  their  pro- 
m  was  not  explained  until  a  much  later  period.  The  cilia  on  the  snrface  of 
fosory  animalcules  were  distinguished  by  Leeuwenhoek,  who  described  their 
Q  and  use.  They  were  afierwards  observed  by  Baker.  De  Hetde  and  Leeo- 
)ek  noticed  the  currents  on  the  surface  of  the  branchis  of  Mussels;  Swammer^ 
Leeuwenhoek,  and  Baster  observed  the  whirl  ingr  motion  of  the  embryo  of 
tea  in  the  ovum.  The  former  phenomenon  has  recently  been  minutely  described 
,  ESrman  and  Dr.  Sharpe^,  the  latter  by  Cams. 

I  first  observations  relative  to  the  existence  of  ciliary  motion  in  vertebrate  ani- 
irere  made  by  Steinbuch,  who  remarked  the  currents  in  the  water  around  the 
lis  of  the  Batrachia,  but  he  did  not  reco^ise  their  cause,  and  sought  in  vain  for 
Gruithuisen  discovered  the  phenomenon  on  the  tail  of  the  larva  of  the  frog; 
r.  Sharpey  described  the  existence  of  the  currents  not  only  around  the  branehias, 
er  the  whole  surface  of  the  body  of  the  tadpole;  similar  observations  with  re* 

16  principal  writings  on  ciliary  motion  are  those  of  Purkinje  and  Valentin,  in  MQlIer*8 
'.  i.  p  391,  ii.  15!);  their  work,  Dc  PhsBnomeno  general!  et  fnndamentaJi  motua  vibra- 
Mitinoi  in  menibranis,  Slc  Vratisl.  1835,  4;  and  a  paper  in  the  Nova  Acta  Nat  Cur.  t 
Sharpey,  in  Edinb.  Med.  and  Surg.  Juurn.  vol.  zxiit.  July,  1830;    Edinb.  New  PhiL 

vol  xiz.  July,  1835;  and  Cyclopedia  of  AnaLand  Phys.  Art  Cilia;  Grant,  Edinb.  New 

Jonro.  I82(>;  Edinburgh  Journal  of  Scienoei  1837. 
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•pect  to  the  branehis  were  mede  by  Hueehke,  Raepail^  and  mjreelf.  It  Temmioed, 
however,  for  Purkinje  and  Valentin*  to  make  the  important  dtacoTery*  not  only  that  the 
phenomenon  in  queation  waa  in  the  Batraohia,  aa  in  the  invertebrata,  dependent  oo  the 
oacillation  of  cifiay  but  that  it  eziats,  from  the  aame  cauae,  on  the  aurface  of  the 
mneoua  roembranea  of  birda,  reptiles,  mammalia,  and  man.  It  appeared  to  be  absent 
in  fishes;  it  exists,  however,  in  them  also.  1  will  now  give  an  account  of  the  most 
important  facta  relating  to  thia  aubject,  with  aome  remarks  upon  them. 

a.  Of  the  different  parU  of  animab  in  wMeh  the  ciliary  motion  exiete. 

The  ciliary  motion  haa  in  different  animala  been  observed  on  the  external  aarfaeet 
in  the  alimentary  canal,  in  the  reapiratory  system,  in  the  generative  organs,  in  the 
cavitiea  of  the  nervous  system,  and  on  the  surface  of  serous  membranes. 

I.  The  external  eutfaee  presents  the  ciliary  motion  in  the  Infuapria,  in  the  coralline 
Polypifera  (the  Biyoaoa,  in  contradistinction  to  the  Anthoaoa,t  of  Ehrenberg);  in  tiM 
▲ctinis  and  Asterias  alao,  according  to  Dr.  Sharpey;  in  the  Echinus,  according  to 
Ehrenberg;  in  the  Acalepha;  in  the  Moaael  (on  the  mantle);  in  the  Gaateropoda 

S tails);  terrestrial  and  aquatic  (over  the  whole  surface);  in  the  Turbellana  ik 
renberg,  and  in  the  Spermatozoa.  In  the  higher  animals  the  ciliary  motion  ia  not 
observed  on  the  external  surface,  except  in  the  embryo,  and  in  the  very  young  larvs  of 
nmphibia.  During  the  earlieat  perioa  of  the  larva  state,  the  whole  superficies  of  the 
booy  waa  aeen  by  Dr  Sharpey,  and  by  Valentin  and  Purkinje,  to  present  the  ciliary 
motion;  afterwards,  the  extent  to  which  the  phenomenon  is  observed,  becomes  gra- 
duflJIy  less,  until  it  is  confined  to  the  root  of  the  tail  and  the  sides  of  the  head;  and 
when  the  extremitiea  have  become  developed  it  haa  wholly  disappeared. 

8.  Mmentary  cofia/.— -Purkinje  and  Valentin  have  discovered  the  ciliary  motion  in 
the  alimentary  tube  of  reptiles;  but  only  at  its  upper  part,  namely,  on  the  interaal 
rarface  of  the  mouth,  the  Eustachian  tube,  the  pharynx,  and,  in  the  chelonia  (tortlea 
nod  tortoises,)  and  aerpenta,  in  the  cBSophagus  alao.  In  mammalia  and  birda  the 
oillarT  motion  does  not  exist  either  in  the  cavity  of  the  mouth,  or  in  the  pharynx  and 
csaophagus. 

3.  Rapiralory  orjnmf. —-The  mucous  membrane  of  the  larynx,  trachea,  and  bronchi, 
has  been  found  by  Purkinje  and  Valentin  to  present  the  ciliary  motions  in  all  the  air- 
breathing  vertebrata.  In  mammalia  and  birds  the  phenomenon  commences  at  the 
glottis,  not  existing  in  the  cavity  of  the  mouth  and  pharynx  in  these  classes.  In  birds 
It  extends  into  the  air^aacs  which  communicate  with  the  lungs.  The  external  branchia 
of  the  larvs  of  the  amphibia  present  the  ciliary  motion;  but  on  the  internal  branchis, 
which  these  larvae  have  in  the  second  stage  of  their  developement,  and  on  the  branchis 
of  fishes,  the  phenomenon  is,  as  Dr.  Sharpey  observed,  absent. 

4.  iVoM/  cavity, — In  this  situation  the  ciliary  motion  is  constantly  present.  It  was 
discovered  there  by  Purkinje  and  Valentin.  In  reptiles  and  amphibia,  birds  and 
mammalia,  it  occupies  both  the  external  and  internal  wall  of  the  nasal  cavity;  and  in 
mammalia  the  observers  just  named  have  detected  it  also  on  the  mucous  membrane  of 
the  sinuses  opening  into  the  nostrils,  the  frontal  and  maxillary  sinuses,  and  in  the 
Eustachian  tube,  in  the  rabbit  the  lining  membrane  of  the  lachrymal  canal  and  sac 
preaents  no  ciliary  motion,  though  the  phenomenon  exists  in  the  nasal  cavity;  the 
oiliary  motion  is  also  not  present  on  the  conjunctiva. 

5.  Generative  organe. — In  vertebrate  animala  the  ciliary  motion  has  been  found  by 
Purkinje  and  Valentin  to  occupy  the  mucous  surfaces  of  the  female  generative  organs 
only.  It  is  observed  in  the  oviducts,  the  uterus  and  vagina  of  mammalia  (not  in 
young  animals);  and  it  persists  even  during  pregnancy  on  those  parte  of  the  utenii 
which  are  not  occupied  by  the  chorion. 

The  male  organs  do  not  present  any  ciliary  motion  in  vertebrate  animals,  and  it  has 

*  Mallcr*8  Afchiv.  1834;  and  after wtrds  in  their  work,  De  Phenomeno,  dec 
t  M.  Ehrenberg  (Symbols  Physics,  and  MQller*8  Arcliiv.  1634,  p.  578,)  divided  the  polypi 
Into  two  groupv,  the  Bryozoa  and  the  Anthozoa.  The  Bryozoa  are  thoae  which  have  a  perlecft 
intestinal  canal,  with  a  ciliated  soriace  (whence  they  are  called  ciliobrachiata  by  Dr.  A. 
Farre,  Philoa.  Transact  J 837).  The  Anthozoa  have  merely  a  digestive  sac  with  one  opening, 
nnd  their  aurfaco  is  destitute  of  cilia.  M.  Ehrenberg  has  since  made  a  further  division  of 
these  Anthuzoa.    A  similar  arrangement  of  the  Polypifera,  showing  tlie  coincidence  of  a  com* 

Eleto  intestinal  canal,  with  the  prewnoe  of  cilia  on  their  surface,  was  riven  bv  Dr.  Sharpev  in 
isarUcle,  "Cilia,"intbeCycU^of  Anat  "^^ 
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iMD  obsenred  in  iny  organs  of  tlie  inTertebnta«  whieh  indnbitnblj  bolong  to  the 
•exaal  apparatas. 

Urinary  CJ^^Nira/tM.— In  the  yertebrata  the  ciliary  motioo  is  entirely  wanting  in 
rinary  organs.  But  Purlcinje  and  Vdentin  have  detected  it  in  the  sacens  caloarens 
ails,  an  organ  which  opens  upon  the  snrfaee  of  the  body  near  the  anal  apertoroy 
shieh,  from  containing  uric  acid,  may  be  regarded  as  the  kidoey  of  these  animals* 
le  also  has  seen  the  ciliary  motion  in  this  orjran. 

!%€  venirickB  of  the  6ratfi,— The  ciliary  motion  has  been  discovered  on  the  lining 
brane  of  the  ventricles  of  the  brain  by  Purkinje,  who  has  with  M.  Valentin  ex- 
m1  it  in  this  situation  in  man,  many  mammalia,  birds,  amphibia,  and  fishes.  It 
ids  through  all  the  Tentricles  of  the  brain,  and  all  the  cavities  of  the  brain  and 
il  cord  in  the  fcetus  and  embryo.* 

ne  9erou9  membranes  (the  pericardium  and  peritoneom  in  the  frog)  have  been 
i  by  Mayerf  to  present  the  phenomenon,  and  the  observation  haa  been  confirmed 
[•  Valentin.^ 

ym  the  review  which  we  have  thus  taken  of  the  parts  which  present  the  eiliary 
»,  it  is  evident  that  it  is  a  phenomenon  which  exists  very  generally  in  the  animal 
Jom;  but  that  the  extent  to  which  it  prevails  in  the  different  classes  of  animals  is 
various.  In  no  class  of  animals  except  the  crustacea1$  is  it  entirely  wanting, 
e  vibrations  of  cilia  are  also  the  cause  of  the  motions  of  the  embryos  of  many 
bIs  in  the  ovum,  and  of  the  motion  of  the  free  ova  (or,  more  correctly,  embryos,) 
veral  of  the  lower  animals,  as  the  Radiate  and  Polypifera. 

b.  Of  iht  phenomtna  of  eiUary  motion, 

leqnires  a  high  magnifying  power  to  perceive  the  ciliary  motion  in  most  animals* 
w  it,  a  very  small  piece  of  any  mucous  membrane  on  which  it  exists  should  be 
ened  with  water  and  covered  with  a  plate  of  glass,  by  which  it  is  spread  out,  and 
irder  rendered  clearly  visible.  With  the  aid  of  a  powerful  microscope  the  phe- 
non  of  the  ciliary  motion  may  then  be  seen.  First,  there  is  the  appearance  of  an 
lation,  and  the  small  bodies  floating  in  the  water  are  seen  near  the  border  of  the 
irane  to  be  driven  along  in  a  determinate  direction.  With  a  still  higher  magni- 
power,  the  cilia  themselves  may  sometimes  be  recognised,  although  seldom  very 
otly,  on  account  of  the  ^eat  rapidity  of  the  motion.  Often  the  effect  of  the 
1  of  the  innumerable  movinpr  organs  is  so  great,  that  it  is  necessary  to  be  quick 
iking  the  observation,  lest  the  entire  portion  of  the  membrane  should  escape  from 
eld  of  vision.  The  influence  of  the  ciliary  motion  on  the  fluids  and  small  bodies 
I  are  in  contact  with  the  ciliated  membranes  may  also  be  very  well  shown  by 
Ing  on  the  surface  a  fine  powder.  The  motion  of  the  cilia  is  so  sctive  on  the 
\Am  of  the  larva  of  the  salamander,  or  of  the  mussel,  that  small  portions  of  those 
s,  when  placed  in  water,  are  regularly  whirled  lound. 

9  motion  of  the  cilia,  having  a  uniform  direction,  gives  rise  to  currents  over  the 
«  of  the  mucous  membranes.  The  direction  of  these  carrents  on  most  parts  has 
ilrsady  determined  by  the  labours  of  Dr.  Sharpey,  and  of  Purkinje  and  Valentin, 
irection  of  the  current  in  the  trachea  of  a  hen  was  found  by  Purkinje  and  Va- 
to  be  from  without  inwards;  in  the  oviduct  it  was  from  within  outwards:  the 
sition,  therefore,  that  the  semen  is  conveyed  to  the  ovum  by  ciliary  motion,  is 
pable  of  proof.  On  the  inferior  turbinated  bone  of  a  rabbit  the  current  was  as- 
aed  by  Dr.  Sharpey  to  be  directed  from  behind  forwards;  in  the  antrum  it 
rsd  to  be  directed  towards  the  opening  of  the  cavity.  In  the  cavity  of  the  month 
batrachian  amphibia  the  current  produced  by  the  ciliary  motion  is,  both  on  the 
ittd  roof  of  the  cavity,  directed  towards  the  oesophagus.  At  the  palatal  entrance 
I  nostril,  in  a  lizard,  the  current  on  the  inner  side  of  the  opening  carried  small 
lea  of  powder  into  it;  on  the  outer  side  it  carried  them  out  into  the  mouth. 

e.  Of  the  organs  which  produce  the  eiliary  motion, 

I  organs  of  the  ciliary  motion  are,  according  to  Purkinje  and  Valentin,  delicate 

[allOT*B  Archiv.  1836, 989,  ind  ValenUn*t  Report  1837,  Bd.  i.  d.  156. 
ipplcmente  tur  Lehre  vom  KreisUufs,  Pt.  ii.  p.  7.    Froriep*t  Notis.  Na  1024. 
spertorium,  Bd.  i.  p.  149. 
le  Dr.  Sharpey *s  article,  «*  Cilia,**  in  Che  Cyckp^  of  Anat.  voL  L 
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MMslusive  as  to  the  independence  of  the  ciliary  motion  from  the  nerrons  system 

hose  in  which  the  poisonous  substances  were  applied  directly  to  the  vibrating 

e;  for  in  frogs  killed  hy  narcotics  the  muscles  and  nerves  retain  their  suscepti- 

of  the  influence  of  stimnli  locally  applied  for  a  long  period,  while  both  nenres 

oscles  to  which  narcotics  are  directly  applied  soon  lose  their  irritability.    The 

ilone  is  an  exception  to  this  rule;  it  continues  to  beat  for  a  long  time  aUer  soln- 

r  epium  or  of  the  extract  of  nnx  vomica  has  been  applied  to  its  external  sorfaeet 

immediately  paralysed  when  the  same  poison  is  applied  to  its  internal  surface. 

do  not  regard  the  minuteness  of  the  vibrating  organs  in  comparison  with  the 

ive  fibres  of  the  nerves  as  any  argument  against  their  phenomena  being  depen- 

m  the  nervous  system;  for  the  muscular  fibrils  themselves  are  so  much  more 

i  than  the  nervous  fibres,  the  latter  fibres  are  distributed  in  such  small  number 

muscles,  and  the  mass  of  muscular  substance  which  is  seen  by  means  of  the 

cope  to  intervene  between  the  nervous  fibres  is  so  great,  that  the  existence 

inflaence  exerted  at  a  distance  is  a  necessary  supposition  in  accounting  for 

tion  of  the  nervous  fibres  on  muscles.    Moreover,  there  are  parts  in  whicht 

1  not  in  the  muscles,  a  much  more  minute  ramification  of  the  nervous  fibres 

s  to  take  place.    The  persistence  of  the  ciliary  motion,  however,  after  the 

application  of  narcotic  poisons,  sufi^ciently  proves  the  peculiarity  of  this 

aenon,  and  its  independence  of  any  immediate  influence  of  the  nervous  system. 

lally  important  fact  in  relation  to  this  question  is,  the  existence  of  the  ciliary 

on  the  surface  of  the  so-named  ova  of  polypiferous  animals,  which  are  how* 

le  animated,  though  undeveloped  embryos.    The  extreme  conditions  of  the 

penon  afford  here  the  most  interesting  subject  of  comparison:  the  lowest  condi- 

that  of  the  ciliary  motion  on  the  undeveloped  embryos  of  polypi;  the  most 

that  of  the  motion  of  the  rotatory  organs  or  the  wheel  animalcules.    In  the 

instance  we  have  the  phenomenon  taking  place  on  membranes  devoid  of  special 

re,  and  allied  to  this  condition  is  that  or  the  vibratory  motion  of  cilia  on  the 

1  membranes  of  the  higher  animals,  which  is  not  arrested  by  the  action  of 

line  and  other  narcotic  poisons;  the  motion  of  the  cilia  of  the  rotatory  organs, 

contrary,  is  effected  distinctly  by  muscular  action,  and  is  subject  to  the  will; 

lertainly  dependent  on  the  nervous  system:  strychnine  also,  as  Ehrenberg  has 

arrests  this  form  of  ciliary  motion.  9 

le  present  state  of  our  knowledge,  thus  much  may  be  advanced:— 

hat  the  ciliary  motion  of  the  mucous  membranes  is  due  to  the  action  of  some 

m  contractile  tissue; 

^hlch  lies  either  in  the  substance  of  the  cilia  or  at  their  base; 
hat  this  tissue  resembles  in  its  contractility  the  muscular  and  other  contractile 
of  animals; 

hat  its  properties  in  so  far  agree  with  those  of  the  muscular  tissue,  at  all  events 
It  of  that  of  the  involuntary  muscles  of  the  heart;  and  with  the  vibrating  lamina 
9wer  Crustacea,  that  the  motions  which  it  produces  continue  without  ceasing 
equable  rhythm; 

lat  its  properties  agree  also  with  those  of  a  muscular  tissne  of  the  heart,  in  its 
continuing  long  after  the  separation  of  the  part  from  the  rest  of  the  animal 

lat  this  tissue  differs  essentially,  however,  from  muscle,  in  the  circumstance  of 
ons  not  being  arrested  by  the  local  application  of  narcotics; 
lat  the  ciliary  motion  presents  itself  under  conditions  where  it  is  not  probable 
omplicated  organisation  exists,  namely,  in  the  undeveloped  embryos  of  polypi- 
nimals. 

dreumstance  of  the  ciliary  motions  not  being  immediately  dependent  on  the 
e  of  nerves,  constitutes  a  point  of  resemblance  between  them  and  the  oscilla* 
tions  of  certain  plants,  for  example,  the  Oscillatoria.  How  far  this  compsrison 
et  must  be  determined  by  further  research.  But  however  this  may  be,  there 
f  exists  in  the  mucous  membranes  that  present  the  ciliary  motion,  an  active 
lich  regulates  the  mode  of  action  of  these  microscopic  organs,  since  the  cilia 
'  frequently  observed  to  act  simultaneously  in  regular  series.  There  is  here  a 
le  influence  of  which  extends  bej^ond  individual  cilia;  for  though  the  simul- 
action  of  a  series  of  cilia  producing  waves  might  be  explained  by  supposing 
lim  to  be  attaehed  to  one  contractUe  mmd,  yet  theie  is  alee  fieqneetly  obeenred 
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a  certain  remlsticm  and  acceleration  of  theelliarj  motion  over  considerable  tracts  of  a 
Tibratioj^  membrane,  which  most  have  a  more  general  cause.  1  have  sometimes  saea 
a  total  rest  of  the  cilia  for  a  considerable  interval  over  a  large  extent  of  the  anrfaee  of 
the  hranchi«  of  an  annelide  allied  to  the  genus  Sabella,  which  I  bronght  with  me  in 
aea-water  from  Copenhagen,  this  state  of  rest  being  again  succeeded  by  a  state  of 
aetiTity.  Analogous  phenomena  are  frequently  enough  observed  in  the  regetablo  kin^ 
dom;  they  are  not  necessarily  therefore  to  be  referred  to  a  variation  in  the  nervouf 
influence. 

The  explanation  of  the  production  of  currents  by  the  ciliary  motion  is  also  attended 
with  difficulty.  The  mere  vibration  of  cilia  from  one  side  to  another  cannot  give  aay 
particular  direction  to  a  fluid.  The  motion  of  the  cilia,  too,  in  a  conical  space,  whidi« 
according  to  the  observation  of  Purkinje  and  Valentin,  is  the  most  frequent  kiml  of 
motion,  can  merely  give  rise  to  the  motion  of  the  fluid  in  a  circle  around  the  cilinm* 
For  the  cilia  to  fnwe  rise  to  a  current  of  the  fluid  in  a  certain  direction,  it  is  neoesaaij 
that  they  should  strike  and  bend  in  one  direction ;  sucli,  indeed,  was  the  motion 
which  Purkinje  and  Valentin  observed  sometimes,  and  that  which  T  saw  In  moal 
eases.  But  even  with  this  motion  it  is  necessary,  in  order  to  produce  a  current,  that 
tlie  cilia  in  returning  to  their  erect  position  should  present  a  smaller  surface  to  tlie 
floid  than  they  do  in  making  the  stroke.  According  to  the  observation  of  MM.  Pork* 
inje  and  Valentin,  {Nov.Jiei.  Ixvii.  pt.  ii.)  it  is  the  return  of  the  cilia  from  their  bent  to 
the  erect  state  which  gives  the  impulse  to  the  water,  and  produces  the  current. 


CHAPTER  III. 

OF  THE  MUSCULAR  AlH)  ANALOGOUS  MOTIONS. 

I.  0/  the  contractih  tissues. 

If  we  leaveiout  of  consideration  the  enigmatical  tissue  which  is  the 
cause  of  the  ciliary  motion,  four  forms  of  contractile  tissue  may  be  dis- 
Unguished;  namely,  the  contractile  tissue  of  vegetables,  the  contractile 
tissue  of  animals  which  yields  gelatin  by  boiling,  the  arterial  contractile 
tissue,  and  the  muscular  tissue. 

a.  Of  the  contractile  vegetable  tissue. — The  most  remarkable  of  the 
phenomena  of  irritability  presented  by  plants  have  been  already  de- 
scribed at  page  45. 

The  cause  which  influences  the  motion  of  the  plants  so  as  to  induce 
the  expansion  of  the  leaves  and  rising  of  the  petiole  is  the  augmentation 
of  light  during  the  day;  the  light  favours  the  ascent  of  the  sap,  and  thus 
must  produce  turgescence  of  the  cellular  portion  of  the  motor  intumes- 
cence. Each  portion  of  the  cellular  cylinder  in  the  mimosa  has  a  ten- 
dency to  curve  towards  the  centre  or  axis  of  the  petiole;  but  the  lower 
part  is  the  thickest,  and  hence  the  tendency  will  there  be  strongest,  and 
wilt,  when  the  intumescence  is  rendered  turgid  by  the  influence  of 
light,  cause  the  elevation  of  the  petiole.  If,  however,  the  lower  half  of 
the  intumescence  be  removed,  the  tendency  of  the  upper  half,  being  no 
longer  counterbalanced,  will  come  into  play,  and  depress  the  petiole:  if 
the  upper  half  only  is  removed,  the  lower  will  act  with  increased  force, 
and  raise  the  petiole  still  more,  as  in  the  experiment  already  mentioned. 

The  fibrous  tissue  has  the  property  of  curving  when  submitted  to  the 
action  of  atmospheric  air  or  oxygen  {^^par  axigenation.^^) 

The  depression  of  the  petiole,  and  the  folding  of  the  leaves  of  the 
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kosa  and  other  plants  when  irritated  mechanically,  or  by  heat  or 
8f  is,  according  to  M.  Dutrochet,  also  the  result  of  the  same  action 
tie  fibrous  tissue,  which  becomes  oxygenated  whenever  the  plant  is 
ited  in  any  way,  it  being  a  fundamental  theory  with  this  physiolo- 
that  excitation  is  in  all  cases  merely  oxidation  of  the  living  tissue, 
aal  or  vegetable. 

0  excite  the  motion  of  the  leaflets  and  petiole  of  the  mimosa,  it  is 
necessary  that  either  the  intumescence  itself,  or  even  the  leaves^ 
lid  be  touched.    The  stimulus  may  be  applied  to  a  more  or  less  dis- 
part.   Even  the  roots  transmit  the  excitation  to  the  leaves;  M. 

rochet  moistened  a  small  portion  of  the  roots  of  the  mimosa  with 
huric  acid,  and,  before  there  was  time  for  absorption  of  the  acid  to 
3  taken  place,  the  leaves  became  folded.  M.  Dutrochet  has  satisfied 
self  that  the  transmission  of  the  excitation  is  eflfected  by  the  woody 
of  the  plant,  not  by  the  cortical  or  medullary  parts;  for  these  he 
d  might  be  entirely  removed,  and  irritation  above  or  below  the  spot 
Id  still  be  propagated  beyond  it.  The  excitation  extends  gradually 
i  the  points  to  which  the  stimulus  is  applied;  first  the  nearest  leaves, 
then  the  most  distant,  becoming  folded.  The  excitability  is  greatly 
lenced  by  light  and  temperature,  as  well  as  by  the  presence  or  ab- 
e  of  atmospheric  air.  Both  the  excitability  and  mobility  of  the 
osa  are  lost  after  a  few  days,  when  the  plant  is  deprived  of  light; 
lusceptibility  of  external  stimulus  being  lost  before  the  movements 
leep  and  waking  cease.  Variations  in  the  temperature  of  the  at- 
^here  also  cause  the  quickness  of  the  transmission  of  the  excitation 

1  one  part  of  the  plant  to  others  to  vary,  and  at  471°  Fahr.  no  mo- 
» can  be  excited. 

Ofiht  contractile  tissue  of  animals  which  yields  gelatin  by  boil' 
— ^The  first  traces  o^vital  contractility^n  animals  are  presented  by  a 
e  so  similar  in  the  structure  of  its  fibres,  as  well  as  in  its  chemical 
erties,  to  cellular  tissue,  that  it  might  almost  lead  us  to  regard  them 
lentical,  and  to  ascribe  to  cellular  tissue  not  merely  the  property  of 
icity  which  it  retains  after  death,  but  also  an  organic  contractile 
er.  Until  more  is  known  of  the  tissue  in  question,  we  designate  it 
x>ntractile  tissue  yielding  gelatin,  by  which  we  sufficiently  distin- 
1  it  from  the  fibrinous  muscular  tissue. 

addition  to  their  transparency  and  smoothness,  the  fibres  of  the 
lar  tissue,  which  have  heen  already  described,  have  a  very  peculiar 
icter  in  their  wavy  disposition.     When  not  artificially  extended, 

are  never  straight,  but  have  an  arched  or  waving  direction.  The 
8  of  each  primitive  fasciculus  are,  however,  always  parallel;  it  is 
asciculi  which  are  thus  waving.  This  character  of  the  cellular  tis- 
8  owing  to  its  great  elasticity.  If  the  fasciculi  be  extended  and 
{htened,  they  return,  as  soon  as  the  extension  is  remitted,  to  their 
nal  curved  state.  A  chemical  examination  of  cellular  tissue,  after 
Dreed  by  washing  from  blood  or  lymph,  shows  that  it  belongs  to  the 

of  tissues  that  are  converted  by  boiling  into  gelatin;  and  its  fibres 

n  this  circumstance,  again  distinguished  from  muscular  fibre  which 

igs  to  the  albuminous  tissties.    This  is  important,  as  affording  a 

18  of  distinguishing  the  contractile  cellular  tissue  from  those  muscu- 
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lar  fibres  which  have  not  the  varicose  structure;  for  example,  the  mus- 
cular fibres  of  the  uterus.  The  latter  fibres,  however,  differ  from  the 
fibres  of  cellular  tissue  by  another  character,  namely,  by  the  want  of 
the  curved  and  waving  position  of  their  fasciculi. 

The  contractile  property  of  the  tissue  allied  to  cellular  membrane  has 
been  long  known;  but  it  has,  in  many  parts  of  the  body,  been  frequently 
confounded  with  muscular  action;  and,  on  the  other  hand,  in  conse- 
quence of  the  slight  change  of  diameter  produced  by  this  kind  of  con- 
traction, the  phenomenon  has  by  some  been  quite  neglected,  or  even 
denied  to  exist.  To  verify  the  existence  of  the  phenomenon  in  question, 
it  is  best  to  study  it  first  in  those  parts  in  which  it  is  presented  in  the 
most  marked  degree,  and  in  which  the  tissue  can  be  submitted  to  an 
accurate  microscopic  and  chemical  analysis.  The  tunica  dartos  has  a 
very  active  contractile  property,  which  is  most  frequently  excited  by 
cold. 

The  primitive  fibres  of  the  fasciculi  which  compose  this  tunic  are 
excessively  delicate  and  elastic.  When  examined  with  the  compound 
microscope,  they  are  seen  to  be  uniform  cylindrical  filaments,  with  a 
serpentine  waving  disposition.  Their  diameter,  as  determined  by  M. 
Jordan,  varied  from  ^^j^ir  ^o  txVt9  ^"^  ^^  ^^^  mean  was  ^^^  of  an 
English  line.  The  fibres  of  cellular  tissue  had  the  same  diameter.  On 
the  other  hand,  the  fibres  of  the  dartos  differ  in  diameter  from  the 
muscular  fibres.  The  varicose  muscular  fibres  are  smaller,  the  mus- 
cular fibres  of  the  colon,  which  are  not  varicose,  are  larger,  and  those 
of  the  iris  are  much  more  minute.  But,  independently  of  their  size, 
the  fibres  of  the  dartos  exactly  resemble  the  fibres  of  cellular  tissue  in 
their  serpentine  disposition  and  elasticity,  and  are  by  these  characters 
distinguished  from  ordinary  muscular  fibres. 

On  the  other  hand,  traces  of  contractility  are  displayed  in  true  cellular 
tissue  in  other  parts  of  the  body;  for  example,  in  the  subcutaneous 
cellular  tissue  between  the  folds  of  the  prepuce,  which  frequently  in 
irritable  individuals  contracts  very  strongly  in  the  cold  bath.  The  phe- 
nomenon of  ^*  cutis  anserina^^*  seems  to  be  one  of  an  analogous  nature. 
The  sudden  erection  of  the  nipple  is  probably  produced  in  the  same 
way;  for  I  have  good  grounds  for  questioning  the  correctness  of  the 
common  opinion,  that  the  latter  phenomenon  is  the  result  of  vascular 
turgescence,  or  true  vascular  "  erection."  In  the  first  place,  the  nipple 
does  not  contain  any  of  the  spongy  tissue  which  forms  the  corpora 
cavernosa  perns;  those  anastomosing  veins  and  sinuses,  and  the  arterix 
helicinae  projecting  into  the  venous  sinuses,  which  characterise  the  true 
erectile  tissues.  Secondly,  the  erection  of  the  nipple  is  perceptible  not 
only  in  females  when  it  is  handled  during  the  existence  of  the  sexual 
excitement,  but  also  in  men,  quite  independently  of  sexual  feeling. 
Thirdly,  the  nipple  in  man  becomes  erected  almost  instantaneously  and 
quite  visibly  when  it  is  suddenly  and  roughly  handled  in  one's  own 
person;  the  same  takes  place  in  a  less  degree  also  when  the  nipple  is 
exposed  to  the  contact  of  cold  water,  and  in  a  more  marked  degree 
when  the  individual  suddenly  enters  a  cold  bath.  Fourthly,  the  erection 
of  the  nipple  is  not  attended  with  any  increased  fulness;  on  the  con- 
trary, while  it  is  becoming  erect,  which  occupies  a  few  seconds  only^  it 
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mes  narrower,  and  loses  in  breadth  what  it  gains  in  length.  Now, 
il  these  circumstances  there  is  great  similarity  to  the  phenomena  of 
levation  of  the  cutaneous  follicles  in  **  cutis  anserina/*  and  to  those 
le  contraction  and  wrinkling  of  the  prepuce  in  cold  water.  The 
ion  of  the  nipple  is,  therefore,  most  probably  the  eflfect  of  contrac- 
of  the  subcutaneous  cellular  tissue  which  surrounds  it.  It  is  re- 
rable  that  the  contractile  cellular  tissue  exists  priucipally  beneath 
those  parts  of  the  skin  which  have  a  dark  tint,  as,  for  example,! 
kin  of  the  penis,  the  scrotum,  and  nipple.  If,  in  addition  to  what 
Ave  already  stated,  it  be  recollected  that  the  skin  in  its  whole  ex- 
independently  of  any  cutaneous  nuiscle,  manifests  a  certain  degree 
ntractility, — ^a  phenomenon  which  cannot  be  owing  to  the  admix- 
of  muscular  fibres  in  its  tissue, — it  will  appear  very  probable  that 
e  parts  which  we  have  mentioned, — the  scrotum,  skin  of  the  penis 
nipple, — owe  their  contractility  to  a  contractile  cellular  tissue, 
h,  in  the  structure  of  its  primitive  fibres,  does  not  differ  from  ordi- 
cellular  tissue.  The  similarity  of  the  chemical  properties  of  the 
s,  and  its  difference  in  chemical  composition  from  muscular  fibre, 
^hen  this  opinion;  for  M .  Jordan  has  shown  that  the  dartos  is 
lily  converted  into  gelatin  by  three  hours'  boiling;  and  that  its 
on  in  acetic  acid,  like  that  of  cellular  membrane  and  all  tissues 
ti  yield  gelatin,  is  not  precipitated,  nor  rendered  turbid  by  ferro- 
ide  of  potassium.  [Miiller^s  J^rchiv.  1834.) 
Jordan  has  likewise  instituted  some  experiments  relative  to  the 
«  of  the  contractile  property  of  the  dartos.  The  stimulus  which 
usually  excites  its  contraction  is  cold;  warmth  relaxes  it;  and  gal- 
im  does  not  affect  it:  which  fact  is  the  more  interesting,  as  it  affords 
ans  of  distinguishing  the  contractility  of  cellular  tissue  from  that 
ucuiar  fibre.  The  dartos  has  no  share  in  producing  the  retraction 
e  testis  towards  the  abdominal  ring;  this  is  effected  solely  by  the 
aster.  The  mode  in  which  the  shortening  of  the  fibres  of  the  con- 
le  tissues,  which  we  have  been  considering,  is  effected,  is  probably 
inflexion  into  waving  lines  by  the  reciprocal  attraction  of  aliquot 
of  the  fibres. 

0/  the  elastic  and  contractile  tissue  of  arteries, — It  has  been 
ly  shown,  at  page  212,  from  the  results  of  galvanic  experiments 
sil  as  from  the  real  properties  of  the  elastic  coat  of  arteries,  that 
issue  does  not  possess  muscular  contractility.  But  as  1  have  already 
[bed  the  properties  and  function  of  this  tissue,  I  need  not  return  to 
e. 

fthe  muscular  ti$9ue.  1.  Chemieal proptriiti  ofmuach. — In  rpspect  of  its  cbemi** 
^perties,  it  has  been  already  showo  that  muscle  belongs  to  the  class  of  animal 
I  which  cannot  be  made  to  yield  ^latin  by  boilingr,  and  of  which  the  solution 
ic  acid  is  precipitated  by  the  red  fcrrocyanide  of  potassium:  all  the  gelatin  ex- 
l  from  muscle  by  boiling  is  doe  to  the  cellular  tissue  which  unites  the  muscular 
ill.  By  these  chemical  characters  muscular  fibre  may  be  easily  distinguished 
ie  different  elastic  tissues,  including  the  elastic  tissue  of  arteries,  which  vield 
I  in  boiling,  and  of  which  the  solution  in  acetic  acid  is  not  precipitated  by  ferro- 
e  of  potassium:  whereas  it  is  difficult  and  often  impossible  to  distinguish  chemi- 
rhetner  a  body  which  belongs  to  the  class  of  albuminous  substances  is  muscle 
Uncoagulated  albumen  may,  it  is  true,  be  recognised  by  its  solubility  in  cold 
kewarm  water,  and  by  its  property  of  being  cotgalatad  by  a  temperature  of  from 
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106^  to  167^  Fahr.,  by  aleohol,  and  by  tnetallie  aalta;  aneoagulated  fibrin  may  be 
known  by  its  spontaneout  eoagolation  when  removed  from  the  animal  body;  oncoaffo- 
lated  casein  by  its  solubility  in  boiling  as  well  as  in  cold  water:  bnt  coagulated  albn- 
men  and  the  coagulated  fibrin  of  the  blood  and  muscles  cannot  be  distingroished  from 
each  other  further  than  that  fibrin  decomposes  the  peroxide  of  hydrogen,  while  albu- 
men has  not  that  property.  There  is  no  chemical  means  of  distinguishing  the  fibrin 
of  the  blood  from  that  of  muscle. 

The  red  colour  of  muscle  has  been  ascribed  to  the  presence  of  cniorin,  the  colouring 
matter  of  the  blood;  and  the  colour  of  muscle  is,  like  that  of  the  blood,  rendered 
brighter  by  exposure  to  the  air.  But  Dr.  Schwann  has  once  obserred  the  naturally 
pale  muscles  of  the  carp  become  of  a  dark  red  during  maceration  for  a  short  time  in  the 
eold  in  winter;  a  fact  which  seems  opposed  to  the  idea  of  the  colouring  matter  of 
moscle  and  that  of  the  blood  being  identical. 

2.  Structure  uf  mutclt. — The  elementary  parts  of  muscles  are  either  beaded  or 
cylindrical  fibres,  which  are  unbranched,  and  are  arranged  parallel  to  each  other  in 
fasciculi.  According  to  Professor  Kranse,  they  are  united  together  in  the  primitive 
ftseicolt  by  a  transparent  tenacious  fluid.  The  diameter  of  the  primitive  fasciculi, 
which  contain  from  five  to  eight  hundred  fibres,  is  stated  by  Professor  Krause,  to  be 
from  j{^  to  1^  of  an  English  line.  The  diameter  of  fasciculi  taken  from  the  pharynx 
of  the  human  suhject  was  found  by  Dr.  Schwann  to  be  from  ^V  to  ^^^^  of  an  English 
line.  The  primitive  fasciculi  are  invested  and  connected  together  by  cellular  tissue, 
00  as  to  form  larger  secondary  fasciculi,  which  are  again  connected  together  by  cellular 
membrane.  Anatomists  difler  very  much  in  their  accounts  of  the  form  of  the  primitive 
fibrils.  Some,  as  Professor  Schultze,  describe  them  to  be  simple,  uniform  filaments; 
others,  as  Bauer,  Home,  Milne  Edwards,  Prevost  and  Dumas,  and  Professor  Kraase, 
legard  them  as  composed  of  globules;  while  others,  again,  describe  them  to  be  beaded 
threads.  The  first  and  last  of  these  descriptions,  though  apparently  contradictory, 
sre  both  correct,  these  two  forms  existing  in  different  kinds  of  muscle. 

1.  Muteleg  wkaae  primitive  fibren  have  a  vturicou  or  beaded  itrueture^  and  whote  prind' 
the  faBcieuU  have  eron  markings.  It  is  this  class  of  muscles  that  has  been  the  most 
examined.  It  includes  those  muscles  of  voluntary  as  well  as  involuntary  motion 
which  are  remarkable  for  their  red  colour;  all  the  voluntary  muscles,  namely,  except 
the  expulsor  muscle  of  the  urinary  bladder;  and,  among  the  involuntary  muscles,  the 
heart.  All  red  muscles,  however,  are  not  of  this  kind;  thus,  the  red  muscular  sab- 
■tance  of  the  gizzard  of  the  bird  belongs,  together  with  the  muscular  coat  of  the  whole 
intestinal  canal,  to  the  second  class  of  muscles. 

The  transverse  striae  of  the  primitive  fasciculi,  seen  when  a  portion  of  these  muscles 
is  examined  with  the  microscope,  follow  each  other  very  closely,  are  always  quite 
parallel,  and  generally  pass  in  a  straight  line  across  the  fasciculus;  occasionally,  but 
rarely,  they  are  a  little  curved.  On  the  primitive  fasciculi  of  the  heart  the  transverse 
striae  are  much  less  distinctly  visible,  but  nevertheless  exist,  as  Professor  R.  Wagner 
correctly  remarks. 

Dr.  Schwann  has  applied  himself  during  an  entire  winter  to  the  microscopic  exami- 
nation of  muscle;  the  following  are  the  results  at  which  he  has  arrived.  The  diameter 
of  the  primitive  fasciculi  varies  from  ^  to  |^  of  an  English  line.  The  fibres  are  roost 
easily  examined  in  the  muscles  of  the  rabbit.  They  are  beaded  filaments,  presenting 
under  the  microscope  a  succession  of  dark  points  from  ^g^^^  to  j^^r  of  an  English  line 
in  breadth,  separated  by  bright  and  somewhat  narrower  portions  of  the  filament. 

The  beaded  muscular  fibres  with  primitive  fasciculi  marked  with  transverse  strie 
ere  not  confined  to  vertebrate  animals.  The  voluntary  muscles  of  insects,  for  ex- 
mmple,  are  wholly  constituted  by  them.  Each  primitive  fasciculus  has  a  very 
delicate  sheath,  which  can  often  be  perceived  forming  a  transparent  border  to  the 
fasciculus. 

Professor  R.  Wagner  (Afti//er*«  jSrchiv.  1835,  p.  318,)  has  examined  the  structure 
of  the  muscles  in  many  of  the  lower  animals.  He  met  with  muscles  of  which  the 
primitive  fasciculi  presented  cross  striae,  in  insects,  Crustacea,  cirropoda,  and 
miBchnida. 

9.  Museiet  with  uniformlif  eylindrieal  primitive  fibrea  and  primitive  fasciculi  devoid 
of  transverse  stria.  These  fibres  are  found  to  compose  the  muscular  coat  of  the  whole 
intestinal  canal  of  the  higher  animals  from  the  ceciophiigus  to  the  anus. 

This  is  the  more  remarkable,  as  the  mnscles  of  the  pharynx  belong  to  the  former 
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ly— the  mascles  with  beaded  fibres.    The  diameter  of  the  pnmiliTe  rauteular 
from  the  large  intestine  of  the  haman  sabject  was  found  by  Dr.  Schwann  to  be 
07«  0.0011,  and  0.0013;  in  the  mean,  aboat  j^^  of  an  English  line.  Their  border 
lUine  was  quite  smooth  and  even. 

2.  0/  the  vital  properties  qf  muscle. 

d  addition  to  the  vital  properties  common  to  all  animal  tissues,  mus* 
possess  sensibility  and  contractility.    The  sensibility  of  muscles  is 
ttd  in  the  sensitive  nervous  fibres  distributed.to  them,  and  not  in 
muacular  fibrils  themselves:  contractility  is  the  essential  property  of 
id^  which  manifest  it  under  the  influence  of  every  stimulus;  while 
3r  organs,  not  muscular,  are  by  the  same  stimuli  excited  to  the  mani- 
BUion  of  other  properties,  such  as  sensation,  secretion,  &c    Muscles 
less  but  slight  sensibility  to  external  impressions,  as  of  cuts  and  punc- 
iS.    A  needle  passed  through  the  skin  may  be  carried  deeply  into 
substance  of  ^a  muscle  without  pain  being  produced;  the  heart  laid 
)  has  been  observed  to  possess  a  very  slight  degree  of  sensibility, 
I  muscles,  however,  are  endowed  with  a  very  delicate  sense  of  their 
mal  condition;  or  rather,  their  nerves  communicate  accurately  to 
sensorium  a  knowledge  of  the  states  induced  in  them  by  their  con- 
tion:  by  virtue  of  this  property  we  are  not  only  made  conscious  of 
sensations  of  fatigue  and  cramp  in  muscles,  but  acquire  through 
icular  action  a  knowledge  of  the  distance  of  bodies  and  their  rela* 
lo  each  other,  and  are  also  enabled  to  estimate  and  compare  their 
ght  and  resistance.  This  muscular  sense  cannot,  however,  be  seated 
36  same  nervous  fibrils  which  excite  the  motions, 
luscles  are  thrown  into  action  by  any  stimulus  applied  to  them- 
es or  to  their  motor  nerves.    All  stimuli,  as  mechanical  or  chemical 
lences,  cold,  heat,  or  electricity,  produce  the  same  effect.    They  all 
ite  contraction  of  the  muscles  even  when  applied  to  their  nerves. 
is  act  more  readily  when  applied  to  the  muscles  themselves  than 
m  applied  to  the  nerves;  it  is  not,  however,  as  we  have  before  re- 
kedy  a  constant  rule  that  acids  excite  no  muscular  contractions, 
m  they  act  on  the  nerves  alone.    Dr.  Bischoff  and  Professor  Win 
hmann  have  at  all  events  frequently  seen  muscular  contraction 
luced  in  the  latter  case.    The  property  which  muscles  possess  of 
racting  tinder  the  influence  of  any  stimulus  was  made  the  subject 
pecial  study  by  Haller,  {Detix  Afemoires  sur  les  parties  sensibles  et 
fables,  Lausanne,  1756,)  who  called  it  "irritability,"  in  contra 
notion  to  the  sensibility  of  nerves.  ^^There  are,  however,  so  many 
otbetical  notions  and  false  ideas  connected  with  the  name  <<  irrita-      / 
Y*^  in  this  sense,  that  it  figures  better  in  the  history  of  medicine  than 
iscussions  on  physiology  itself/'' 

'he  contractility  of  muscles  is  preserved  for  a  longer  time  by  cold- 
>ded  than  by  warm-blooded  vertebrata.  The  contractility  of  the 
t  is  retained  for  several  hours  in  fishes,  reptiles,  and  amphibia;  and 
le  frog  the  other  muscles  also  retain  their  contractility  for  several 
rs,  particularly  in  the  colder  season  of  the  year:  a  tortoise  for  a  week 
r  decapitation  presents  some  contractility  in  its  muscles.  In  higher 
aals  the  muscular  contractility  is  seldom  retained  more  than  one  or 
hours  after  death;  there  are  instances,  however,  in  which  it  is  not 
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lost  for  many  hours,  an  example  of  which  is  afforded  by  the  cntaneoas 
mascle  of  the  hedgehog.  Nysten,  (Rech.  de  Physiol,  ei  de  Chim. 
Path,  321,)  in  his  experiments  on  the  bodies  of  executed  criminals  who 
were  previously  in  good  health,  found  that  the  different  muscles  lost 
their  contractile  property  in  the  following  order:  the  left  ventricle  of  the 
heart  first,  the  intestinal  canal  at  the  end  of  forty-five  or  fifty-five 
minutes,  the  urinary  bladder  nearly  at  the  same  time,  the  right  ventriclA 
of  the  heart  after  the  lapse  of  an  hour,  the  cesophagus  at  the  expiration 
of  one- hour  and  a  half,  the  iris  fifteen  minutes  later,  the  muscles  of  ani* 
mal  life  still  later,  and  last  of  all  the  auricles  of  the  heart;  the  right 
auricle  being  the  part  which  retained  its  contractility  longest,  in  one  in-^ 
stance  contracting  under  the  influence  of  galvanism  sixteen  hours  and  a 
half  after  death. 

There  are  many. substances. which  have  the  property  of  deadening  the 
iiluscular  irritability.  The  muscle  of  animals  killed 'by  immersion  in 
carbonic  acid  gas,  hydrogen,  carbonic  oxide,  or  by  the  vapours  of  saU 
phur,  contract  very  feebly,  or  not  at  all,  when  stimulated;  while  in  the 
atmosphere,  or  oxygen,  muscles  retain  their  contractility  much  longer. 
(  TSedemann's  PhysioLi.  p.  551. — Nj/sten^  loc.  cit.  p.  328.)  The  actioin 
of  pure  water  on  muscles  for  any  length  of  time  diminishes  their  irrita* 
bility  in  a  remarkable  degree.  This  was  first  observed  by  Nasse,  and 
has  been  recently  confirmed  by  Dr.  Stannius.  The  legs  of  frogs  freed 
from  the  skin  and  laid  for  a  short  time  in  water,  are  no  longer  adapted 
for  delicate  experiments  on  the  excitability  of  nerves  and  muscles. 
(Hecker^a  ^nnal.  Dec.  1832.)  Narcotic  substances^  applied  directly  to 
the  muscles,  destroy  their  irritability;  applied  to  the  nerves,  they  deprive 
the  nerve,  at  the  point  which  they  have  acted  on,  of  the  property  of  ex- 
citing muscles  to  contraction;  but,  between  that  point  and  the  muscle, 
the  motor  power  of  the  nerve  is  preserved.  When  animals  are  killed 
by  the  introduction  of  narcotic  poisons  into  the  blood,  the  irritability  is 
not  affected  in  so  great  a  degree  as  by  the  local  application  of  the  nar- 
cotic in  a  concentrated  state;  muscular  contractions  can  be  excited  by 
irritating  the  muscles  or  nerves  for  several  hours  after  death  in  frogs 
poisoned  by  narcotics.  Substances  which  have  a  decomposing  che- 
mical action  on  animal  matters, — the  caustic  alkalies,  concentrated 
acids,  and  chlorine,  for  example, — annihilate  the  irritability  of  mus- 
cles instantaneously  at  the  point  which  they  touch.  There  are  no 
bodies  known  to  have  the  property  of  heightening  the  irritability  of 
muscles. 
vMuscular  contractility  is  subject  to  the  general  laws  of  animal  ex- 
citability.'v'  Muscles  become  feeble  if  seldom  excited  to  action;  and  a 
great  exertion  of  their  contractile  power  always  induces  temporary 
exhaustion  of  it.  Excitement  and  rest  are,  therefore,  equally  necessary 
for  the  maintenance  and  increase  of  the  muscular  power. 

The  state  of  contraction  of  muscles,  which  renders  them  firmer  and 
harder,  is  alone  the  active  condition;  in  their  more  elongated  state  they 
are  relaxed.  There  is  no  fact  to  justify  the  supposition  that  muscles 
possess  a  power  of  active  expansion.  The  opinion  that  the  heart  has 
such  a  power  has  been  refuted  by  Oesterreicher  (see  p.  185).  The 
living  muscles  must  not,  however,  be  supposed  to  be  at  any  time  in  a 
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)  of  complete  relaxation.  They  are  constantly,  even  in  the  state  of 
» subject  to  the  influence  of  the  nervous  principle;  this  is  seen  in 
retraction  of  divided  muscles,  in  the  slight  tremors  of  muscles  laid 
I  during  life,  and  in  the  distortion  of  the  features,  and  drawing  of 
tongue  to  one  side,  in  hemiplegia. 

'  a  muscle  is  observed  at  the  moment  of  its  contraction,  it  is  seen 
ocome  thicker  in  the  same  proportion  as  it  is  shortened:  and  very 
d  its  fasciculi  are  seen  to  be  for  an  instant  bent  into  waving  lines, 
circumstance  of  the  muscles  becomin^r  firmer  in  the  state  of  con- 
lion  might  naturally  induce  the  conjecture  that  their  substance  be- 
m  condensed  so  as  to  occupy  a  smaller  volume;  although,  without 
being  the  case,  the  mere  strength  of  the  attraction  of  certain  parts 
le  muscle  towards  each  other  would  explain  the  increased  firmness, 
he  condensation  of  the  muscular  substance  during  its  contraction  is 
00  slight  to  aid  us  in  explaining  the  phenomena  of  muscular  con- 
ion.  And  it  is  possible  that  the  condensation  which  took  place  in 
0  experiments  was  owing  to  the  air  contained  in  the  divided  vessels 
g  pressed  out  of  them  by  their  contraction;  it  might  certainly  be  thus 
pletely  accounted  for.  When  the  experiment  of  M.  Ermann,  of  sub- 
ng  the  hinder  half  of  an  eel  immersed  in  a  glass  jar,  to  a  galvanic 
3Ty,  is  repeated,  the  portion  of  eel  should  be'  prepared  under  water, 
introduced  into  the  tube  without  coming  into  contact  with  the  air. 
he  modes  in  which  the  muscles  could  become  shorter  during  their 
raction  are  threefold.  1.  The  zigzag  inflexion  of  the  muscular 
culi.  This  can  be  seen  with  the  naked  eye  in  muscles  during  con- 
;iou,  but  may  be  more  accurately  observed  with  the  aid  of  a  lens, 
fiuciculi  of  muscular  fibres  are  thrown  into  zigzag  inflexions.  MM. 
rost  and  Dumas  {Journ.  de  Physiol,  iii.  p.  311,)  have,  in  particular, 
ied  this  phenomenon. 

M.  Lauth  has  made  some  important  observations  with  regard 
luscular  contraction.  {U Institute  No.  57,  70,  73,  1834. — Muller^a 
kiv,  1835,  p.  4.)  Exposing  a  muscle,  which  still  preserved  its  irri- 
iiy,  to  the  action  of  galvanism  under  the  microscope,  he  perceived 
its  contraction  was  eflfected  in  two  ways.  When  the  muscle  con- 
ed most  forcibly,  its  whole  secondary  fibre  or  primitive  fasciculus 
thrown  into  angular  inflexions;  a  more  feeble  galvanic  stimulus 
ed  a  shortening  of  the  entire  secondary  fibre,  without  any  zigzag 
xion.  In  the  latter  case,  the  surface  of  the  secondary  fibres,  or 
litive  fasciculi,  is  not  smooth,  but  presents,  in  its  whole  extent, 
iverse  rugae  (rides),  which  are  also  visible  in  the  fibres  while  bent 
zigzag  lines,  but  are  quite  independent  of  that  zigzag  inflexion, 
sciculus  of  fibres  can,  it  is  plain,  become  shorter  in  two  ways;  either 
le  whole  fasciculus  being  bent  alternately  in  opposite  directions,  the 
8  in  the  intervals  of  the  flexure  remaining  parallel  to  each  other, 
ih  mode  of  shortening  takes  place  visibly  in  the  larger  muscular 
cuH,  or  by  the  fibres  of  the  fasciculus  spreading  out  in  the  intervals 
insverse  lines  which  divide  the  fasciculus  into  aliquot  parts.  The 
r  mode  of  contraction,  very  probably,  takes  place,  together  with 
irst,  in  the  muscles  of  insects,  and  perhaps  also  in  those  of  the 
er  animals. 
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3.  It  is  pomble  that  the  mnscalar  fibres  of  the  second  class  (those  of 
the  organic  parts  of  the  body)  contract  both  in  the  first  and  the  second 
mode  simultaneonsljr;  bat  there  is  a  third  manner  in  which  the  mnscuiar 
fibres  of  the  animal  system  may  shorten*themselres, — namely,  by  the 
approximation  of  the  bead-like  enlargements,  and  the  contraction  of  the 
interspaces  between  these  enlargements  of  the  primitire  fibres.  Such 
a  mode  of  contraction  can  neither  be  demonstrated,  nor  proTed  not  to 
take  place.  The  absence  of  the  beaded  enlargements  in  an  entire  class 
of  muscles  would  render  any  theory  of  muscular  contraction  defective, 
which  was  based  on  them  alone.  Still,  the  approximation  of  the  glo- 
bules of  the  primitiire  fibre  may  very  possibly  take  place  in  the  musdes 
of  animal  life,  in  addition  to  the  other  modes  of  contraction  which  are 
teen  in  the  primitive  and  secondary  fasciculi;  and  there  are,  in  fact, 
some  reasons  for  believing  that  in  them  it  actually  does  occur. 

The  rif^idity  of  muscles  after  deaths  rigor  mariis. — This  pheno- 
menon is  due  to  a  particular  state  of  the  muscles,  which  ensues  at  a 
certain  period  after  death,  giving  rise  to  stiffness  of  the  limbs,  and  after 
a  time  ceases.  The  rigidity  affects  the  neck  and  lower  jaw  first,  accord- 
ing to  M.  Sommer;  next,  the  upper  extremities,  extending  from  above 
downwards;  and  lastly,  reaches  the  lower  limbs:  in  some  instances  it 
begins  in  the  lower  extremities,  or  affiects  them  simultaneously  with  the 
upper  extremities.  Out  of  two  hundred  cases,  M.  Sommer  only  ob- 
served one  in  which  the  rigidity  did  not  commence  in  the  neck. 

The  rigidity,  according  to  Sommer,  ncTer  commences  earlier  than  ten  minntes,  and 
oe?er  later  than  seTen  nonra,  after  death.  Both  Nysten  and  Sommer  state  that  its 
duration  is  greater  in  proportion  to  the  lateness  of  its  accession.  If  the  mnseolar 
snergy  was  ondiminiahed  at  the  period  of  death,  as  in  men  killed  by  asphyxia,  the 
rigidity  of  the  limbs  ensoes  later  and  continaes  longer;  while,  on  the  contraiyv  in 
bodies  of  persons  who  have  died  of  acate  diseases  attended  with  great  depression  of 
the  vital  powers,  it  comes  on  more  rapidly;  after  death  from  typhus,  for  example,  M. 
Sommer  has  sometimes  known  it  to  be  developed  in  fifteen  or  twenty  minntes.  In  the 
bodies  of  individuals  exhaosted  by  chronic  diseases,  the  same  fact  is  observed.  After 
sudden  death  from  acute  diseases,  the  rigid  state  of  the  limbs  continues  for  a  long 
time,  even  though  it  be  rapidly  developed.  Hunter  and  Himly  have  remarked  that, 
in  the  bodies  of  persons  killed  by  lightning,  no  rigidity  of  the  muscles  takes  place; 
M.  Sommer,  however,  states  that,  in  a  dog  killed  by  an  electric  shock,  the  phenomenon 
ensued  at  the  ordmary  period  after  death.  The  remark  of  Orfila,  also,  that  after  death 
from  the  vapour  of  charcoal  the  limbs  do  not  become  rigid  till  after  a  longer  period 
than  usual,  was  found  b^  M.  Sommer  to  be  incorrect:  he  remarks  that,  if  in  some 
cases  the  rigidity  of  the  limbs  appears  to  be  late  in  being  developed,  this  is  owing  not 
io  much  to  the  mode  of  death,  as  to  a  state  of  apparent  death  preceding  the  real 
oessation  of  life.  The  assertion  that  the  muscles  do  not  become  rigid  after  poisoning 
with  narcotic  substances,  is  also  contradicted  by  the  experiments  both  of  Nysten  and 
Sommer  on  animals.  Nysten  had  made  the  remark  that  the  rigidity  is  equally  intense 
in  muscles  paralysed  by  hemiplegia:  this  is  confirmed  by  Sommer,  with  the  proviso 
that  the  paralysis  must  not  have  been  attended  with  any  considerable  modification  of 
nntrition,  nor  with  serous  effusion  into  the  muscles;  for,  in  such  a  case,  Sommer  has 
once  observed  an  entire  absence  of  rigidity  on  the  paralysed  side.  Nysten  remarked 
that  death  from  tetanus  was  attended  with  or  quicKly  followed  by  a  cessation  of  the 
spasms,  and  that  the  body  then  remained  in  a  flexible  state  for  some  hours  before  the 
ngidity  of  the  corpse  ensued:  in  one  case  observed  by  Sommer,  however,  the  tetanic 
cramp  of  the  muscles  of  the  jaw  passed  immediately  Into  the  rigidity  of  death.  In 
,  new-born  infants  and  old  people,  the  rigidity  of  the  limbs  generally  comes  on  earlier, 
is  less  intense,  and  lasts  a  shorter  time.  Sommer  observed  that,  contrary  to  the 
statement  of  Nysten,  the  body  in  many  instances  became  rigid  before  it  was  com- 


CAV8S8  OF  MOnOH  IH  AKIMAL8.  957 

ly  eold«  and  sometimes  eTen  while  ttill  warm.  The  body  becomes  rt|rid  after 
f  in  water  as  well  as  in  the  air;  but  in  water  of  the  temperature  of  33^  to  66^ 
.  the  rigidity  is  greater  and  of  longer  duration  than  in  air  of  the  same  tcropera- 
With  reference  to  the  question  of  the  influence  of  the  brain  and  spinal  cord  on 
iroduction  of  the  phenomenon  which  we  are  considering,  Sommer  confirms 
en*s  observations  as  to  the  fact  that  destruction  of  the  central  organs  of  the 
»as  system  in  animals  has  no  influence  on  the  development,  degreot  or  doratioB 
9  sabsequent  rigidity  of  the  body. 

le  cause  of  the  rigiaity  is,  according  to  Nysten,  seated  in  the  muscles;  for  the 
I  still  remain  stiff;  though  the  fascic  and  even  the  lateral  ligaments  of  the  joints 
▼ided,  hot  become  flexible  as  soon  as  the  muscles  are  cut  through.  This  state- 
te  confirmed  bv  Sommer,  who  adds  that,  although  the  limb  recovers  its  mobility 
the  division  oi  the  muscles,  still  the  divided  muscles  themselves  remain  firm 
igid, — a  fact  previously  noticed  by  Rudolphi.  Nysten  referred  the  rigidity  of 
bodies  to  the  organic  contractility  of  the  muscular  fibres.  Orfila,  Beclard,  and 
Iranns  believed  the  phenomenon  to  be  dependent  on  the  coagulation  of  ttie  blood. 
M.  Sommer  thinks  this  opinion  incorrect,  since  the  body  sometimes  becomes  verr 
when  the  blood  has  not  coagulated,  or  but  imperfectly;  thus,  in  persons  drowned* 
igidity  of  the  limbs  is  verv  great,  while  the  blood  is  often  fluid;  and  the  same 
lease  in  men  and  animals  killed  by  prussic  acid.  Should  it  at  a  future  time  be 
mined  that  the  rigidity  of  the  corpse  is  owing  to  a  physical  contractile  property 
•  muscular  fibres  exerted  at  the  time  of  the  loss  of  their  vitality,  and  ceasing 
their  decomposition,  the  phenomenon  would  be  more  analogous  to  the  physicu 
action  of  the  fibrinous  coagulum  to  a  smaller  and  denser  substance. 


CHAPTER  IV. 

OF  THE  CAUSES  OF  MOTION  IN  ANIMALS. 

r  an  inquiry  into  the  causes  on  which  the  motions  of  the  solid  tez- 
B.of  organic  bodies  depend,  it  is  necessary  in  the  first  place  to  dis- 
uish  between  the  motions  of  parts  devoid  of  nerves,  and  those  which 
consequent  on  a  reciprocal  action  exerted  between  the  contractile 
16  and  tlie  nervous  system.  Motions  of  the  first  kind  are  presented 
ilants,  and  perhaps  also  by  some  parts  of  animals  which  are  not 
cular. 

he  time  has  not  arrived  for  inquiring  into  the  causes  of  the  ciliary 
ion.  We  do  not  even  know  by  what  mechanism  it  is  produced.  la 
real  independence  of  the  influence  of  the  nervous  system  it  resem- 
the  motions  of  plants.  The  motions  of  cellular  tissue,  or  the  con- 
lie  animal  tissue  which  yields  gelatin,— motions  which  are  readily 
luced  by  the  action  of  stiimili,  particularly  cold^heat,  and  mechani- 
influences,  on  the  tissue  itself, — in  some  degree  resemble  those  of 
ts  and  the  cilia,  which  are  independent  of  the  influence  of  the 
Otis  system.  They  resemble  the  motions  of  plants  in  another  cir- 
stance  also,  namely,  in  not  being  perceptibly  excited  by  electricity, 
motions  of  the  cellular  and  allied  contractile  tissues  are  not,  how- 
,  entirely  withdrawn  from  the  influence  of  the  nerves.  The  con- 
ion  of  the  skin  and  dartos  is  excited  not  only  by  external  stimuli, 
Frequently  also  by  causes  seated  in  the  nervous  system.  ,->  > 

he  contractile  property  of  the  muscles  is  intimately  dependenfe^^  .     y^ 
wo  dificrent  influences, — the  influence  of  the  blood,  and  that  of  the    \^ 
es. 
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1.  Influence  of  the  blood.Sienaon  first  pointed  out  that  muscles  lose 
their  power  of  motion  when  the  cnrrent  of  blood  (that  is,  of  arterial 
blood}  towards  them  is  obstructed.  This  phenomenon  is  sometimes 
observed  when  a  ligature  is  applied  to  a  large  arterial  trunk  in  the 
human  subject;  the  power  of  moving  the  muscles  under  the  influence 
of  the  will  is  either  partially  or  wholly  lost,  until  the  collateral  circula- 
tion is  developed.  This  fact  has  been  confirmed  by  Arncmann,  BichSt, 
and  Emmert.  {TreviranuSj  Biologie^  v.  p.  SSI.)  Segalas  (Journ.  de 
Physiol,  IS24y)  also  has  observed  that,  when  the  abdominal  aorta  is 
tiea  in  animals,  the  hind-legs  are  rendered  so  weak,  that  after  eight  or 
ten  minutes  they  can  scarcely  be  dragged  along.  Whether  the  princi- 
pal influence  of  the  blood  consist  in  its  maintaining  the  contractility  of 
the  muscles,  or  in  its  enabling  the  nerves  to  convey  the  influence  of  the 
will,  has  not  been  investigated.  It  is  certain  that  the  arterial  blood  un- 
dergoes in  the  motor  organs  a  change,  which,  while  it  gives  the  blood 
the  venous  character,  renders  it  unfit  to  maintain  in  the  muscles  their 
contractile  property, — in  other  words^Jhat  the  property  of.cnntractility 
requires  for  its  perfect  preservation  the  constant  action  of  arteriaLblood 
on  the  muscular  fibre.  This  is  confirmed  by  the  phenomena  observed 
in  the  subjects  of  the  ccerulean  disease;  in  whom,  on  account  either  of 
a  patent  state  of  the  foramen  ovale,  or  ductus  arteriosus,  or  a  narrow 
condition  of  the  pulmonary  artery,  the  arterial  and  the  venous  blood 
are  mixed,  or  the  process  of  arterialisation  imperfectly  performed.  Such 
persons  are  incapable  of  any  great  muscular  exertion. 

2.  Influence  of  the  nerves  upon  the  contractility  of  muscles. — The 
question  of  the  action  of  the  nerves  in  exciting  the  muscles  to  contrac- 
tion must  not  be  confounded  with  that  of  their  influence  in  the  mainte- 
nance of  the  muscular  contractility.  Haller  regarded  the  contractility  of 
muscles  as  a  vital  property  peculiar  to  them,  and  independent  of  the 
nerves;  he  named  it  <Mrritability."  This  great  physiologist,  whose 
theory  was  adopted  by  Fontana,  Soemmering,  Nysten,  BichSt,  and^ 
others,  taught  that  all  stimuli  acting  on  muscles  excite  their  contractility 
without  necessarily  exerting  their  influence  primarily  on  the  nerves,  and 
through  them  upon  the  muscles;  and  that  the  nervous  stimulus  is  in 
fact  merely  one  kind  of  the  many  stimuli  by  which  the  contractility  of 
the  muscular  fibre  may  be  excited.  The  proofs  which  Haller  and  his 
followers  adduced  in  support  of  this  theory  have  long  lost  their  weight. 
The  heart  does  not,  as  they  supposed,  act  independently  of  all  nervous 
influence,  and  its  nerves  are  not  insensible  to  external  stimuli.  The 
heart  is,  with  reference  to  nervous  influence,  in  the  same  condition  as 
all  other  parts  supplied  by  the  sympathetic  nerve.  Not  only  can  it  be 
excited  to  contraction  by  galvanism,  as  has  been  observed  by  Von 
Humboldt,  PfafF,  Fowler,  Wedemeyer,  and  myself;  but  Humboldt  and 
Burdach  have  succeeded  in  influencing  its  mode  of  action  by  irritating 
the  cardiac  nerves  (see  pages  200  and  526.)  The  influence  of  the 
nerves  on  organic  muscles  can  be  demonstrated  very  distinctly  also,  as 
my  experiments  show,  by  irritating  the  coeliac  ganglion,  which  causes 
the  peristaltic  motions  of  the  intestines  to  become  much  accelerated. 
My  own  researches,  and  those  of  Wutzer,  Retzius,  and  Mayer,  have 
moreover  suSiciently  refuted  Scarpa's  opinion  that  the  sympathetic 
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)  has  no  connection  with  the  anterior  motor  root  of  the  spinal 
»  and  the  motor  cerebral  nerves.  These  facts,  however,  merely 
lis  to  conclude  that  the  nerves  of  the  heart  as  well  as  the  nerves  of 
muscles,  transmit  motor  influence;  they  still  leave  undecided  the 
ion,  wheiherin  the  sound  body,  and  in  a  heart  removed  from  the 
f  the  cardiac  nerves  are  necessary  for  the  maintenance  of  the  con- 
IfiLjMUEer  of  the  organ. 


eofrectnesB  of  Haller's  theory  has  been  dtspated  by  other  phyeiologiets,- 

^  Monro,  Prochaeka,  Legfallois,  and  Reil, — who  contended  that  the  motor  power 

Is  on  a^Veeiprocal  action) exerted  between  the  nerves  and  moacles.    Were  such 

se,  the  contractility  of  muscles  would  differ  essentially  from  that  of  plants, 

is  excited  directly  bj  external  stimnli,  without  the  aid  of  nerrous  influence* 

port  of  this  opinion  it  is  urged,  that  stimuli  applied  to  the  nerres  excite  the 

IS  to  action;  that  narcotic  substances,  which  seem  to  hare  a  special  action  on 

Tous  BTBtem,  when  applied  to  the  muscles,  destroy  their  contractility;  and  that 

stion  of  the  brain  and  spinal  cord  also  has  the  effect  of  diminishing  the  contrae- 

wer  of  the  muscles.    It  must,  howerer,  be  confessed  that  these  arguments  are  ^ 

neans  weighty.    The  duration  of  the  muscular  irritability  is  not  less  after  the    . 

ttion  of  the  brain  and  spinal  cord,  than  after  death  from  other  causes;  snd 

,ng  with  narcotic  substances  merely  causes  the  influence  of  the  brain  and  sphial 

be  no  longer  transmitted  to  the  muscles.    The  irritability  of  the  nerves  and 

s  is  far  from  being  destroyed  in  frogs  by  narcotic  poisoning:  I  have  seen  the 

ihenomena  produced  by  the  application  of  stimuli  to  the  nerves  or  muscles  for 

long  time  in  froga  thus  poisoned.    Treviranus  has  adopted  a  middle  course 

igard  to  this  question;  and  in  accordance  with  what  is  observed  in  plants,  which 

sir  irritability  to  the  influence  of  ligrht,  but  yet  are  excitable  by  other  stimuli, 

s  thst  the  influence  of  the  nerves  is  a  necessary  condition  for  muscular  irritabi- 

it  that  all  stimuli  do  not  act  by  their  intervention  on  the  muscles.*  Tiedemaon 

ologie^  i.  p.  547. — ^Translation  by  Gully  and  Lane,  p.  395,)  agrees  with  Htller 

fding  the  muscular  contractility  as  a  peculiar  property  inherent  in  the  muscles 

Itss,  but  believes  the  maigtenance  jof -this  property  in  them  to  be  dependent  on 

m  and  nervous  influence;  and  further  holds  that  the  nerves  do  not  merely  con- 

e  stimulus  which  excites  the  muscular  contraction,  but  afford  an  essential  con- 

V>r  the  manifestation  of  the  vital  property  of  the  muscles.    This  essential  infln- 

'  the  nerves  may  consist  either  in  their  imparting  to  the  muscles  their  property 

f  affected  by  stimuli,  in  other  words,  of  manifesting  irritability;  or  it  may  be, 

imuli,  even  when  applied  to  the  muscles,  must  act  first  upon  the  nerves,  and 

I  their  medium  excite  the  contraction  of  the  muscular  fibre.    It  is  evident,  from 

igoing  remarks  of  Tiedemann,  that  there  are  here  involved  two  perfectly  distinct 

ns:  1.  Is  the  influence  of  the  nerves  necessary  for  the  preservation  of  the  vitalf 

f  of  the  muscles  by  virtue  of  which  they  contract,  and  is  this  property  lost 

16  nervous  inflnence  is  cut  off?    3.  Are  the  nerves  conductors,  through  the 

t  of  which  all  stimuli  act  upon  the  muscles?  does  even  the  apparently  direet 

n  of  the  muscles  themselves  act  first  on  the  nervous  fibrils  distributed  in  the 

ir  substance,  and  only  through  the  medium  of  them  affect  the  contractile  tissuet 

It  question  may  be  decided  in  the  affirmative,  without  the  second  proposition 

eeessaril^  admitted;  but  if  the  second  receive  an  affirmative  answer,  the  admis- 

the  first  IS  a  necessary  consequence. 

the  integrity  of  the  nerves  necessary  for  the  preservation  of  the  vital  contrae- 
muscles?  Nysten  had  observed,  that,  a  short  time  after  an  apoplectic  seizure, 
leles  paralysed  in  consequence  of  the  cerebral  lesion  still  contracted  under  the 
«  of  galvanism;  and  Wilson  Philip,  on  the  authority  of  Sir  B.  B rod ie,  asserted 
erve,  whose  communication  with  the  brain  and  spinal  cord  was  cut  off,  retained 
msiderable  time,  its  faculty  of  exciting  the  muscles  to  contraction  when  irri- 
{Phil,  TramaeU  1833,  pt.  i.  p.  63.)  1  had  reasons  for  suspecting  that  the  per- 
(  of  this  excitability  of  a  divided  nerve,  when  its  continuity  had  not  been  re- 
\j  regeneration,  is  not  without  its  limits;  and  several  experiments  instituted 
ference  to  this  question  by  myself,  in  conjunction  with  Dr.  Sticker,  (see  page 
ive  proved  thst,  when  the  communication  with  the  central  organs  of  the  nervous 
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,    system  is  oompletely  intennpted,  not  only  the  power  of  the  nerves  to  excite  moscDlar 
,     y     contractions,  but  with  it  the  iriitslNlity  of  the  muscles  themselves^  also,  is^radusUy 

r^   ,  .»/2'  -^'^  ^^®  nerves  the  sole  condactors,  throojerh  the  medium  of  which  all  stimall 
^     '-^      necessarily  act  on  the  muaclesi    The  reasons  for  admitting  such  to  be  the  case  are 
the  following: 
/^       oil^rhe  stimuli  which  excite  the  contractions  of  muscles,  when  applied  directly  to 
^    their  tissue,  are  the  same  that  produce  the  like  effect  when  applied  to  the  nerves^   I 
have,  it  is  true,  frequently  observed  a  difference  in  the  action  of  stimuli  on  nerves  and 
muscles;  the  mineral  acids  and  alcohol  namely,  which,  when  applied  immediately  to 
the  muscles,  cause  them  to  contract,  had  not  the  same  effect  when  applied  to  the 
nerves.    This  difference  does  not,  however,  appear  to  be  constant;  for  M.  Huraboldt 
has  produced  a  tremor  of  the  muscles  by  tiie  application  of  alcohol,  chloric  aoid, 
arsenic,  and  even  of  the  metallic  salts  to  the  nerves;  and  Dr.  Bischoff*  and  Professor 
O.  Windischmann  have,  I  learn  by  private  communication,  in  some  instances  seen 
muscular  contractions  produced  in  frogs  by  the  application  of  mineral  acids  to  the 
jierves. 
1/      ft.CXhe  substances  which  destroy  the  contractility  of  muscles  are  also  destmetive 
'^  of  the  excitability  of  nerves^ for,  although  narcotic  substances  taken  into  the  circula- 
tion, and  destroying  life  by  their  action  on  the  brain  and  spinal  cord,  do  not  immedi- 
ately annul  the  excitability  of  the  nerves  and  muscles  of  the  body, — the  muscles  and 
nerves  of  frogs  thus  killed  retaining  their  excitability  for  a  long  period,— yet  the  im- 
mediate application  of  these  substances  to  the  nerves  and  muscles  destroys  locally 
the  muscular  contractility  and  nervous  excitability.    Nerves  immersed  for  a  short 
time  in  a  solution  of  opium  lose  their  susceptibility  of  stimuli  to  the  extent  in  which 
the  fluid  has  acted  on  them;  while  between  this  part  and  the  muscle  they  retain  their 
property  of  exciting  muscular  contractions  upder  the  influence  of  stimuli.     Muscle 
also  immersed  in  solntion  of  opium  loses  its^vital  propertiesVto  the  extent  to  which 
the  contact  with  the  poison  has  reached.    This  similarity  of  action  of  narcotics  on 
'    nerves  and  niuscles  renders  it  probable,  that  the  effect  of  such  substances  in  making 
mascles  to  which  they  are  applied  insensible  to  the  influence  of  stimuli,  is  owing  to 
-their  destroying  the  excitability  of  the  .nervous  jfllaments  distribntedin  the  muscular 
substance. 

Although  the  conclusion  just  stated  seems  to  be  proved  by  the  arguments  which  ws 
r    .  have  adduced,  yet  it  is  evident  that  the  contractility  must  be  a  property  of  the  >tiii«aU« 

^'  tbemselves,  and  that  the  nerves  cannot  even  during  life  impart  to  them  a.poHLer  which 

they  do  not  themselves  possess.  But  the  manifestation  of  the  contractile  property  of 
muscles  presupposes  a  concurrent  action  of  the  nerves;  the  discharge  of  an  impon- 
derable agent  by  the  nerves  is  indeed  as  necessary  for  causing  certain  portions  or 
minute  elementary  parts  of  the  muscular  flbres  to  be  attracted  towards  each  other,  as 
this  attraction  of  the  parts  of  the  fibre  towards  each  other  is  essential  for  the  shorten- 
ing of  the  whole  flbre.  The  modes  of  contraction  of  the  fibres  under  the  influence 
of  nervous  energy  have  been  considered  and  illustrated  by  facts  in  the  preceding 
chapter.  The  strength  of  the  attraction  between  the  angles  of  the  inflected  fibres 
may  be  best  estimated  from  the  power  which  the  living  muscles  possess  of  resisting 
in  theic  contracted  state  the  greatest  extending  force;  while  after  death,  when  this 
power  of  reciprocal  attraction  in  their  particles  is  lost,  they  are  very  easily  lacerated 
and  torn  asunder.* 
\  '  Of  the  mode  of  action  of  the  nerves  on  the  muscles  in  exciting  their  contractions 

we  are  at  present  quite  ignorant.y^  MM.  Prevost  and  Dumas  (AJaqendie's  Jintm,  de 
Physiol,  t.  iii.)  have  described  the  nerves  to  be  so  distributed  in  the  muscles  that  at 
each  of  the  angles  of  the  muscular  fasciculi  formed  by  their  zigzag  inflexion  in  the 
act  of  contraction,  that  is  to  say,  at  each  of  the  points  towards  which  other  parts  of 
the  muscular  fasciculus  are  attracted,  or  which  attract  each  other,  there  is  a  nervous 
fibre  running  transversely  across. 

The  observation  of  MM.  Prevost  and  Dumas,  that  the  nervous  fibres  form  loops 
running  transversely  across  the  muscular  fasciculi  at  the  points  of  their  angular  in- 
flexion, serves  as  the  basis  for  their  theory  of  muscular  motion,  according  to  which 
these  transverse  nervous  loops  are  supposed  to  attract  each  other,  and  thus  to  shorten 
the  muscular  fibre. 

*  Compare  tho  observations  of  Ticdemann,  Physiol,  p.  553. — Translation,  p.  299. 
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lioweTer,  we  reflect  that  the  whole  hypothesie  of  the  similarity- of  the  eleetrio 
le  nervoue  principles  is  unsupported  by  any  facts,  and  that,  as  we  have  shown 
{es  513  and  514,  these  principles  differ  essentially  as  to  their  conductors  and  in- 
rs,  the  theory  of  Prevost  and  Dumas,  and  any  other  modified  theory  of  muscular 
n  as  due  to  electric  action,  will  be  perceived  to  be  baseless. 
I  muscular  fibres  certainly  appear  to  become  shortened  during  contraction  in  th* 
sis  of  tUe  nervous  loops  which  cross  the  fasciculi;  it  is  probable,  therefore,  thai 
.rts  of  the  muscle  which  are  traversed  by  the  nervous  loops,  and  which  are  piio- 
f  exposed  to  the  nervous  influence,  attract  each  other,  and  thus  give  rise  to  the 
I  inflexion  of  the  muscular  fasciculi. 

Schwann  isensfaged  in  performing  some  experiments  with  the  view  of  ascertain- 
bather  the  contractile  force  of  a  muscle  diminishes  or  increases  as  xbb  contraction 
muscle  is  greater.  He  employs,  in  these  experiments,  the  muse,  gastrocnemiu 
eg  with  a  peculiar  apparatus. 

toncluding  this  discussion  on  muscular  contractility,  it  appears  necessary  todire6t 
ion  to  the  fact  that  any  .suddjsp.  change  in  the  jeondltiim  ofihe  nerves^f  jnuaeles* 
atever  cause  it  be  produced,  is  productive  of  a  shock  to  the  muscles.  Thedosiog 
irruption  of  the  galvanic  circle,  sudden  destruction  of  the  nervous  tissue,  burning» 
eal  influence,  mechanical  stretching,  and  all  such  influences,  appear  to  give  an 
le  to  the  imponderable  principle  of  the  nerves,  by  which  either  a  current  6r  oscil- 
of  that  principle  towards  the  muscle  is  excited,  whether  the  external  influence 
en  or  depress  the  vital  energy  of  the  nerves  themselves.  Hence  muscular  cmh 
ns  may  attend  any,  even  the  most  feeble  state  of  the  vital  forces,  the  nenrotts 
»le  being  capable  of  such  motion  or  oscillation  as  excites  the  muscles  to  acti.on« 
Iny  change  is  produced  in  the  state  of  the  nerves,  even  though  the  activity  of 
rvons  principle  is  upon  the  point  of  being  annihilated.  We  have  here  an  oppor- 
of  verifying  the  law  laid  down  in  the  Prolegomena,  that  excitation  is  perfectlj 
nt  from  augmentation  of  the  vital  forces,— that  an  animal  system  may  be  slimu- 
o  death,  and  that  even  the  narcotic  substances  (the  alterantia  nervine),  whiok 
hs  property  of  producing  so  great  a  change  in  the  nervous  matter,  give  rise  to 
oms  of  irritation  or  excitation,  while  they  destroy  the  vital  properties  of  the 
u 


SECTION  II. 
OP   THE   DIFFERENT   MUSCULAR   MOFSMENT8. 

CHAPTER  I. 

Of  the  involuntary  and  the  voluntary  movements. 

c  most  obvious  distinction  which  presents  itself  in  classifying  the 
ent  muscular  movements,  is  that  between  the  involuntary  and  the 
tary.  On  closer  examination,  however,  this  division  is  found  to 
8  natural  than  it  at  jGirst  appears.  It  does  not  agree  with  the  dif- 
«8  in  the  forms  of  the  mtiscular  tissue;  and  there  are  .many  in- 
ti^ry  movements  performed  by  muscles  which  are  siiSject  to  the 
-movements  in  some  cases  following  as  regular  a  rhythm  as  do  the 
ns  of  the  heart.  Certain  muscles  also,  which  are  quite  independ- 
Itbe  influence  of  the  will,  are  nevertheless  influenced  by  particular 
of  the  mind^  and  lastly,  the  fact  that  the  nerves  have  as  great  an 
nee  over  the  involuntary  as  over  the  voluntary  movements,  de- 
I  such  a  classification  of  much  of  its  interest.  The  facts  stated  in  ft 
jiiig  page  were  sufficient  to  show  that  ft  division  of  muscular  move* 
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ments  inio  the  Toluntary  and  involuntary  would  not  find  any  support 
in  the  anatomical  structure  of  the  muscular  tissue;  for,  although  the  mu8> 
das  of  the  organic  parts  of  the  system  are  distinguished  by  the  absence 
of  transverse  striae  on  the  primitive  fascicuiiy  and  by  the  uniform  non- 
beaded  character  of  their  fibres,  while  they  act  also  independently  of 
the  willy  yet  the  urinary  bladder,  which  hi  respect  to  structure  belongs 
to  the  organic  muscles,  is  capable  of  some  degree  of  voluntary  motion. 
The  fasciculi  of  the  fibres  of  the  iris  again  have  not  the  cross  striee,  and 
nevertheless  a  voluntary  influence  can  be  exerted  indirectly  upon  the  iris 
•by  turning  the  eye  inward  (see  pages  535  and  593).  On  the  other  hand, 
though  the  muscles  of  the  animal  parts  of  the  system  are  characterised 
by  the  transverse  markings  of  the  primitive  fasciculi,  and  the  beaded 
ibrm  of  their  fibres,  at  the  same  time  that  they  are  subject  to  the  will, 
jet  the  heart  here  constitutes  an  exception,  it  being  referable  by  the 
etmcture  of  its  fibres  to  the  animal  muscles,  but  with  respect  to  its  in- 
voluntary motion  to  the  organic.  There  is  no  correspondence  also 
between  the  colour  of  the.  muscles  and  their  division  into  involuntary 
and  voluntary.  The  voluntary  muscles  are  generally  red;  but  those  of 
Ashes  are,  for  the  roost  part,  white.  The  muscles  not  subject  to  volition, 
«8  the  muscular  coat  of  the  intestines,  are  generally  of  a  pale  colour; 
but  the  muscular  gizzard  of  birds  and  the  heart  are  composed  of  muscle 
4»f  a  deep  red  colour;  while  the  muscular  coat  of  the  bladder,  which  is 
in  some  measure  under  the  influence  of  the  will,  is  as  pale  as  that  of 
the  intestines.  This  diflference  of  colour  is  certainly  not  merely  owing 
to  the  greater  or  less  abundance  of  blood-vessels,  and  of  the  red  colour- 
ing matter  of  the  blood.  The  peculiarity  appears  to  reside  in  the  mus- 
cular substance  itself,  which  agrees  with  the  cruorin  of  the  blood  in 
being  rendered  of  a  brighter  red  by  the  action  of  the  atmosphere.  The 
division  of  the  muscular  movements  into  the  voluntary  and  involuntary 
finds,  it  is  true,  better  support  in  the  difference  of  the  nerves  supplying 
the  different  muscles;  but  even  in  this  point  of  view  it  is  subject  to  ex- 
ceptions, the  urinary  bladder  and  iris,  though  supplied  by  the  sympa- 
thetic, being  capable  of  some  voluntary''  motiog. 

If,  indeed,  we  reflect  that  many  muscles,  which  are  ordinarily  under 
the  influence  of  the  will,  are  nevertheless  constantly  being  thrown  into 
contractions  in  opposition  to  the  will,  as  is  the  case,  for  example,  with 
the  sphincter  ani;  that  some  muscles  belonging  to  the  animal  system 
«re  incapable  of  being  made  to  act  voluntarily,  except  in  very  few  indi- 
viduals, of  which  we  have  examples  in  the  cremaster,  &c.;  and  lastly, 
that  all  the  voluntary  muscles  are  also  frequently  excited  to  inypluiilary 
-action,  whether  in  consequence  of  '<  nervous  reflection,"  or  <<  associate 
Bsrvous  action,'^  or  by  mere  mental  conceptions, — as  in  laughing, 
•yawning,  or  sighing,  and  still  more  frequently  by  passions  of  the  mind, 
—it  will  be  seen  that  we  have  reasons  sufiicient  for  adopting  a  classi- 
fication in  which  the  internal  causes  of  the  different  motions  are  more 
kept  in  view.  Since  the  class  of  involuntary  motions  is  founded  on 
•a  negative  character,  some  physiologists  have  more  aptly  divided  the 
-animal  movements  into  the  voluntary  and  automatic.  The  involuntary 
motions  are,  however,  with  reference  to  their,  causes,  of  such  various 
I,  that  this  division  also  appears  to  me  to  be  objectionable;  for  what 
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itutes  the  difference  between  the  automatic  rhythmic  movements  of 
eart  and  respiratory  muscles,  and  the  movements  from  reflex  ner- 
action?  The  different  causes  of  the  muscular  motions  seem  to  be 
cept  in  the  following  classes. 

Movementa  excited  by  heterogeneous  stimuli^  external  or  tn^ 
^.— By  heterogeneous  stimuli  I  understand  here  all  other  causes 
luscular  contractions  than  the  mere  impulse  of  the  nervoua 
iple  itself.  There  are  but  very  few  mstances  in  which  such 
li  give  rise  to  muscular  actions  in  the  normal  state  of  the  body; 
is  the  case,  however,  for  example,  with  the  stimulus  of  the  bile  and 
,  which  excite  the  movements  of  the  intestines;  with  the  stimulua 
\  urine  causing  the  bladder  to  contract,  &c.  For  the  production  of 
iilar  motion,  a  change  in  the  state  of  the  nerve  supplying  the 
le  is  necessary.  It  is  indifferent  whether  this  change  in  the,  nerve, 
'ected  through  the  medium  of  its  anatomical  connections  with  thoi 
il  organs,  or  from  its  own  blood-vessels,  or  whether  the  influence 
1  produces  it  be  derived  entirely  from  without.  All  muscles,  ani* 
[8  well  as  organic,  are  equally  capable  of  being  excited  to  motion 
is  manner;  but  the  movements  thus  produced  are  always  iiir 
itary,  whether  the  muscle  be  ordinarily  withdrawn  from  the  in- 
:!e  of  the  will  or  not.  The  point  at  which  the  stimulus  may  act  ii 
fold. 

It  may  act  on  the  muscle  itseff. — In  this  case,  the  nervous  fibrils 
buted  in  the  muscle  are  primarily  affected,  and  through  their  in* 
»  the  muscular  fibre  is  made  to  contract.  The  direct  application 
external  stimulus  causes  the  heart,  the  intestinal  canal,  the  urinary 
ler,  and  all  the  involuntary  as  well  as  the  voluntary  muscles^  to 
act 

On  the  nerve. — The  application  of  a  stimulus  to  the  nerve  before 
I  reached  the  muscle  has  the  same  effect  as  irritating  it  in  the 
le  itself. 
On  the  central  organs  of  the  nervous  system, — Irritation  of  the 

and  spinal  cord  always  gives  rise  to  contractions  in  the  muscles 
1  derive  their  nerves  from  the  irritated  part  of  the  nervous  centres, 
nfluence  of  the  brain  and  spinal  marrow  on  the  movements  of 
supplied  with  cerebro-spinal  nerves  has  been  considered  at  pages 
nd  633;  and  the  influence  of  the  same  parts  on  organs  tlie  nerves 
hich  belong  to  the  sympathetic  system,  at  page  565.  The  ez- 
lents  of  Dr.  Wilson  Philip  tend  to  show  that  every  part  of  the 

and  spinal  cord  can  exert  an  influence  on  the  motions  of  the 
;  while,  in  the  case  of  the  muscles  supplied  by  cerebro-spinal 
IS,  particular  parts  of  the  brain  and  spinal  cord  are  always  conr 
d  with  particular  muscles. 

I  Important  difference  is  found  to  exist  in  the  action  of  irritating 
s.  Many  stimuli,^as  mechanical  irritants,  heat,  electricity,  the 
les,  and  other  substances,^excite  muscular  contractions  when  ap» 
directly  either  to  the  muscles  themselves,  to  the  nerves,  or  to  the 
8il  organs  of  the  nervous  system.  Other  substances,  on  the  con- 
,  excite  no  contraction  of  the  muscles,  unless  when  they  act  on  the 
sd  organs  of  the  nervous  system  through  the  medium  of  the  circu- 
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lation:  thns  the  local  application  of  narcotics  to  a  muscle  or  nerve  de- 
stroys their  irritability  or  excitability  at  the  part  acted  on,  but  gives 
rise  to  no  muscular  contractions;  while  the  same  substances  prodnoa 
the  most  violent  convulsions,  when,  mixed  with  the  blood,  they  exert 
their  influence  on  the  brain  and  spina!  cord.  That  in  animals  poisoned 
by  narcotics  the  convulsions  are  due  to  the  irritation  of  the  great 
nervous  centres,  is  evident  from  the  fact  that  division  of  a  nerve  puts  a 
stop  to  the  tetanic  convulsions  in  the  part  which  it  supplies.  (See  page 
509.) 

2.  Automatic  movements. — By  automatic  movements  it  is  intended 
here  to  designate  all  those  muscular  actions  which  are  not  dependent 
CD  the  mind,  and  which  are  either  persistent  or  take  place  periodically 
with  a  regular  rhythm,  and  are  dependent  on  normal  natural  causes 
seated  jn  the  nerves  or  the  central  organs  of  the  nervous  system.  The 
cause  of  the  rhythmic  movements  may  be  either  in  the  sympathetic 
nerve  or  the  great  nervous  centres,  but  never  in  mere  cerebro-spinal 
nerves. 

a.  Of  the  automatic  movements  dependent  on  the  sympathetic.-^ 
These  movements  are  presented,  1,  by  muscles  of  which  the  primitive 
fasciculi  are  marked  by  transverse  strias,— namely,  by  the  heart;  and  2, 
by  muscles  of  which  the  fasciculi  have  no  transverse  markings, — as  the 
intestinal  canal,  uterus,  and  urinary  bladder. 

The  aatomatlo  movements  of  the  heart,  like  those  of  the  animal  ronsclea  of  the 
bodjy  are  contractions  of  roomentarv  daratioo  succeeding  each  other  aaickly.  The 
aatomatic  motions  of  the  muscles  of  the  second  series  are  more  gradual  and  more  en- 
doring,  and  their  intervals  of  rest  are  much  longer.  Whether  this  difference  be  owing 
to  the  different  structure  of  the  muscle,  or  to  the  nature  of  the  nervous  influeiice,  M 
BOt  known.  The  fact  that  the  bladder,  although  it  may  be  made  to  contract  volan- 
ttrily,  yet  it  is  not  capable  of  a  rapid  contraction,  is  in  favour  of  the  kind  of  moUoM 
Mng  due  to  a  peculiarity  of  the  muscular  tissue.  The  action  of  the  urinary  bladder 
bdng,  when  the  viscus  is  distended,  periodically  increased  in  force,  is  so  far  referable 
to  the  automatic  movements,  but  otherwise  does  not  belong  to  them. 

In  all  the  automatic  movements  of  the  viscera  of  organic  life,  without  exception, 
there  is  observed  a  certain  order  of  succession  in  the  contractions;  one  part  of  the 
Titcus  contracts  before  another,  and  the  motion  thus  traverses  the  organ  in  a  determi* 
nate  direction  during  each  period  of  the  rhythm.  The  contractions  even  of  the  uterus 
of  animals  is  vermicular;  at  least  they  are  so,  as  I  have  witnessed,  in  the  rat  when 
eicited  by  irritants  locally  applied.  The  periodic  contraciions  of  the  uterus  are  gene- 
lally  observed  to  occur  only  during  parturition;  they  in  rare  instances  take  place  during 
pregnancy,  but  are  then  more  feeble.  Irritation  of  organs  presenting  the  automatic 
movements  has  also  an  influence  on  the  rapidity  and  force  of  the  contractions;  stimuli, 
whether  external  or  internal,  acting  on  the  heart,  cause  it  to  beat  quicker  and  more 
forcibly.  In  acute  diseases  of  great  intensity,  which  makes  such  an  impression  on 
the  central  organs  of  the  nervous  system  as  to  give  rise  to  fever,  the  heart  not  only 
acts  more  frequently  than  natural,  but  even  the  mode  of  contraction  of  its  iibres  !■ 
•llered,  causing  hardness  of  the  pulse;  hence  in  fever,  while  the  powers  of  the  system 
are  unimpaired,  the  pulse  is  hard,  strong,  and  quick.  In  proportion  as  the  powers  of 
the  system  decline,  the  impression  of  the  disease  on  the  central  organs  continuing,  the 
beat  of  the  heart,  though  it  retains  its  altered  character,  becomes  feeble:  and  the  pulse 
accordingly,  still  hard,  also  becomes  weak,  while  it  increases  in  frequency.  A  hard, 
fall,  and  frequent  pulse,  therefore,  is  in  acute  disease  an  indication  that  a  violent  im» 
pretsion  is  made  on  the  nervous  centres,  the  vital  powers  not  being  essentially  im« 
paired;  while,  in  proportion  as  the  pulse,  still  hard,  becomes  more  feeble  and  frequentv 
we  know  that  the  vital  powers  are  sinking.  The  pulse  becomes  slower  in  many 
affeetioDS  which  are  not  inflammatory,  but  are  attended  with  interruption  of  the  fane* 
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if  the  oeotral  organs  of  the  nervous  system,p— saeh  as  syncope  and  apoplexy, 
lotions  of  the  intestinal  canal  are  rendered  both  more  enerffctic  and  ouicker  by 
al  irritation,  as  when  the  intestine  is  exposed  to  the  air;  oroj  Internal  irritation 
nocoos  membrane,  as  in  diarrhoea:  irritation  of  the  spinal  cord  also  is  produetite 
smodic  automatic  movements  of  the  intestinal  canal  and  uterus.  The  same  in- 
of  the  automatic  movements  is  produced  by  irritation  of  the  sympathetic  nenre; 
at  least,  is  the  effect  of  irritation  of  the  cceliac  ganglion,  by  the  application  o£ 
B  potash,  on  the  intestines  of  the  rabbit. 

iy  of  the  organs  which  present  the  automatic  movementa  are  provided  with 
Iters.  While  the  automatic  contractions  of  these  muscular  tubes  or  sacs  become 
ically  stronger,  the  sphincters,  as  for  example  the  sphincter  vesica  or  os  uterif 
1  for  a  time  constantly  closed;  but  their  resistance  is  at  last  overcome,  and  thev 
iated  by  the  contents  of  the  viscera,  which  are  thus  driven  against  them  wita 
ling  force.  The  antagonism  which  subsists  between  the  sphincters  and  the 
liar  coats  of  the  viscera  is  evidently  not  so  much  due  to  any  cause  seated  in  the 
es  themselves,  as  to  the  mode  of  action  of  the  nerves  in  them, 
primary  cause  of  the  rhythmic  contractions  of  the  organic  muscles  is  eonneetad 
be  mode  of  action  of  the  sympathetic  nerve  on  the  muscles:  it  is  not  seated  in 
lin  or  spinal  cord.  This  constitutes  an  essential  distinction  between  the  auto* 
movements  of  the  organic  and  those  of  the  animal  muscles.  The  rhythmic  con* 
ns  of  the  heart  continue  even  when  it  is  removed  from  its  connections  in  the 
This  continued  action  of  the  organ  is  not  due  to  the  stimulus  of  blood,  for  it  !• 
p  with  the  same  regularity  when  the  heart  is  emptied  of  all  its  blood*  The 
of  the  heart  continues  also  in  vacuo;  it  cannot,  therefore,  be  owing  to  the  stimo- 
tbe  air.  The  intestinal  canal  likewise  still  presents  its  peristaltic  motions  when 
Bd  from  the  body;  and  the  separated  oviduct  of  a  turtle  has  been  seen  tocontraet 
o  expel  the  ova. 

inquiry  as  to  the  cause  of  muscular  contractility  leads  to  the  conclusion  that  a\ 
lent  action  of  the  nerves  is  always  necessary  for  the  act  of  muecular  contrac-  ) 
ind  hence,  as  well  as  from  the  fact  that  the  stimuli  applied  to  the  cceliac  mn*  I       '  * 
>roduce  a  change  of  some  duration  in  the  peristaltic  movements  of  the  intestiney  \        -^ 
wt  infer  that  the  organic  nerves  distributed  in  the  muscular  substance  have  n  [ 
mU  share  in  the  production  of  these  automatic  movements,  and  that  the  rhythmic  I 
ctions  of  these  organic  muscles  are  not  independent  of  the  nerves,  as  Haller^ 
id. 

IS  been  proved  that  the  automatic  motions  of  the  organic  muscles,  like  all  mnt- 
Dotion,  depend  primarily  on  the. influfiDfifljaf  the  neLTOas.piinciide;  that  the  causa 
rhythm  of  these  automatic  motiona  is  connected,  not  witli  the  nature  of  the 
lar  fibres,  but  with  the  peculiarity  of  the  nervous  system  of  the  organic  man* 
ind  that  the  coeliac  ganglion  has  the  property  of  exciting,  when  irritated,  the 
Itic  motions  of  the  intestines.  It  appears,  moreover,  that  the  sympathetic  nerve 
its  ganglionic  structure  even  in  its  more  minute  ramifications;  and  the  power 
intestine  to  perfonn  its  peristaltic  motions  is  found  to  be  preserved  even  when 
iparated  from  the  mesentery.  From  these  facts,  then,  I  conclude  that  even  the 
\  branches  of  the  sympathetic  which  ramify  in  the  intestinal  coats  have  the  sanMi 
of  causing  periodic  contractions  as  the  coeliac  ganglion  was  proved  to  possess, 
tplanation  that  applies  to  the  peristaltic  movements  of  the  intestines  has  the 
brce  with  relation  to  the  rhythmic  motion  of  the  heart;  the  first  observed  motion 
heart  in  its  simple  tubular  condition  is  indeed  of  a  peristaltic  nature.  Since, 
ire,  not  merely  the  larger  ganglions  of  the  sympathetic,  but  even  its  ultimale 
Ations  in  the  tissues  of  organs,  seem  to  possess  the  power  of  giving  rise  to 
ic  motions,  we  can  understand  how  the  rhythmic  movements  of  the  heart,  intes- 
nd  oviduct  of  the  turtle  are  enabled  to  continue  when  these  organs  are  removed 
lieir  connections  in  the  body. 

vikdical  explanaiion  of  periodic  movementi.^Vhe  sympathetic  nerves  may  be 
red  to  imperfect  conductora,  whether  the  insulating  influence  he  seated  in  the 
a  or  in  the  nervous  fibres  themselves.  This  being  granted,  the  cause  of  the 
ie  action,  or  periodically  increased  action  of  the  nervous  principle  on  the  rone- 
Ibre,  is  obvious.  The  ganglionic  parts  of  the  sympathetic  nerve  will,  as  imper^ 
inductors,  tend  to  srrest  the  current  of  the  nervous  fluid.  The  general  current, 
other  band,  following  the  peripheral  distribution  of  the  nerve,  etiives  to  reaeh 

56* 
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op  to  the  time  of  death.  The  theory  of  M.  Kind«  that  it  ia  the  atimaloa  of  the 
ning  on  the  cutaneons  nenres,  and  tranamitted  to  the  npioal  cord,  which  ffireu 
to  reapiration  aa  a  reflocted  movement,  ia  not  very  probable;  for  a  frog  wholly 
fed  of  ita  akin  continaea  to  reapire  aa  before;  and  a  frog  with  ita  head  only  in  the 
ill  breathe  eqaall?  well,  whether  the  akin  of  ita  body  be  immeraed  in  water  or 
onded  with  air.  If  the  atimuius  of  water  acting  on  the  akin  were  aoiiicient  to  ez* 
he  leapiratory  movementa,  the  fcetua  of  mammalia  ought  to  perform  them  in  the 
!•  It  ia  evident,  therefore,  that  the  caaae  of  the  firat  reapiration  of  the  infant,  as 
as  of  the  continned  respiratory  movements,  muat  be  aome  inflnence  which  eoakL 
$1  to  the  fcBtal  atate,  bat  which  comea  into  operation  immediately  after  birth;  and 
nfluence  ia  not  the  atimalaa  of  atmoaphertc  air  either  in  the  langa  or  on- the  akio. 
smnae  of  the  fiiat  reapiration  can  onir  be  the  impreaaion  made  on  the  medulla 
gata  by  the  arterial  blood,  which  ia  K>rmed  in  consequence  of  the  first  entranee 
s  air  into  the  respiratory  organa,  and  in  leaa  than  a  minute  reachea  the  primum 
ns  of  the  respiratory  movementa  in  the  central  organa  of  the  nervous  system, 
irterial  blood  is  also  very  beautifully  ahown  to  be  the  canae  of  the  continuance  of 
wpiratory  movements  throughout  life  by  my  experiments  on  fro^,  in  which  I 
the  animals  breathe  for  several  hours  in  hydrogen;  after  a  time  reapiration  ceaaed, 
igh  life  waa  not  extinct.  For  a  time  the  reapiratory  movementa  were  renewed 
the  vessel  in  which  the  animals  were  included  was  agitated;  hot,  after  a  longer 
i  had  elapaed,  thia  was  no  longer  the  caae.  If,  after  being  thua  confined  in 
igen  for  two  or  three  hours,  the  frogs  are  taken  out  and  ezpoaed  to  the  atmoaphere, 
Kppear  perfectly  dead;  not  the  least  sign  of  motion  or  aensation  ia  obacrvable  in 
.  The  heart  being  laid  bare,  if  it  ia  found  to  have  ceased  to  beat,  the  animal  will 
ivive.  If  it  Still  beats,  though  at  intervals  of  half  a  minute  or  a  minute,  the  frog 
generally  recover  without  any  external  atimuli  being  applied,  merely  from  the 
al  oxidation  of  the  blood  in  the  veaaela  of  the  lunga,  the  want  of  which  arteria- 
Mi  waa  the  cause  of  the  aaphyxia.  The  blood  impregnated  with  oxygen,  however 
the  action  of  the  heart,  must  at  length  reach  the  brain  and  the  medulla  oblongatat 
I  then  begina  again  to  emit  nervous  influence.  The  firat  aigna  of  the  revival  of 
Off,  which  liea  quite  motionleaa,  ia  the  retraction  of  the  extremitiea  when  theakin 
iched;  after  a  short  time  it  is  seen  to  respire  at  lon^  intervale,  and  in  a  few  houra 
ite  lively.  The  cause,  therefore,  of  the  first  excitement,  and  of  the  eontinoed 
I  of  the  medulla  oblongata  in  determining  the  respiratory  muaclea  to  action,  ia 
tertal  blood.* 


*be  arguments  adduced  by  Prorcssor  Mtkllcr  appear  to  the  trontlato^  to  be  by  no  means 
ent  to  refute  the  opinion,  that  the  reii|)initory  movements  are  the  result  of  reflex  ner- 
iction  excited  al  fifdt  by  tlie  contact  of  the  air  with  the  sorface  of  the  new-born  infant, 
^crwards  by  sensitive  impresHiMns  in  the  lungs.  The  continuance  of  the  respiratory 
oenta  in  animals  after  the  division  of  the  nervi  vagi  may  be  due,  as  Dr.  Hull  suppoeea, 
transmission  of  voluntary  influence  from  the  brain  to  the  respiratory,  muscles;  since 
ition  will  not  go  on,  he  states,  when  both  nenres  sre  divided  and  the  cerebrum  removed, 
li  either  of  these  operations  may  be  performed  singly  without  checking  the  movements; 
at  is  perhaps  more  prolwble,  the  sensitive  impressions  in  the  lungs,  which  ore  usually 
jTcd  to  the  medulla  oblongata  by  the  nervi  vagi  and  sympathetic  simultaneously,  may 
e  transmitted  solely  by  the  pulmonary  branches  of  the  latter  nerve,  which  is  the  ez- 
lon  proposed  by  M.  Grsinger  (on  the  Spinal  Cord,  p.  89),  and  Dr.  J.  Reid  (Ekiin.  Med. 
urg.  Journ.  No.  xlix.)  The  last  named  physiologists  have  shown  by  experiments  that 
Lite  nervi  vagi  have  been  divided,  animals  still  feel  tiie  sense  of  suflfocation,  the  **  bcsoin 
pirer,**  when  the  supply  of  air  to  their  lungs  is  interrupted.  Again,  the  fact  that  a  frog 
ed  of  its  skin  or  immersed  in  water  will  continue  to  breathe,  and  the  circumstance  of 
|OOr  amnios, — a  fluid  of  the  same  or  nearly  the  same  temperature  as  the  body  of  the 
—not  exciting  in  it  respiratory  movenients,  do  not  prove  that  the  impression  made  on 
tancous  nerves  by  the  cooler  air  wlicn  the  fcetus  escapes  from  the  uterus,  may  not  be 
citing  caufc  of  the  first  inspiration.  Sach  was  the  explanation  of  the  first  inspiration 
led  by  Sir  G.  Blane,  and  it  is  in  some  measure  confirmed  not  only  by  the  welUknown 
lat  cold  water  or  cold  air  suddenly  coming  in  contact  with  the  sorface  of  the  body  gives 
>  a  deep  inspiration,  but  also  by  an  interesting  observation  made  by  Dr.  Hcmiiig,  of  a 
just  born  apparently  asphyxiated  bee  inning  to  breathe  when  the  cool  air  was  admitted 
sing  the  bedclothes.  (Dr.  HhII*s  Memoirs  on  the  Nervous  System,  p.  88.  A  similar 
oat  extraordinary  case  is  related  by  Dr,  Wagner.    Mediein.  Zeitang,  Jan.  1838.    JBfit. 
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S.  WlMt  nfvlatM  tlie  riiythm  of  the  lespintory  movemeDtsI 

In  the  nvscles  of  the  extremltiee  the  power  of  continoed  action  is  evidently  mek 
Iter  than  in  the  matelee  engaged  in  respiration;  thus  we  can  eontinne  standing  or 
a  weight  for  a  long  period,  but  can  prolong  the  moTement  of  tnopiratton  or  that 
of  expiration  only  for  a  Tory  limited  time.  Any  mascalar  motion,  however,  may  h^ 
persisted  in  for  a  very  long  jperiod,  if  made  to  alternate  with  other  motions.  It  is  iiol» 
therefors,  the  nervoas  principle  that  is  deficient  in  these  cases,  for  there  is  nerroas  io- 
ioeace  sofficient  for  other  muscular  actiona:  the  defect  must  be  either  in  the  con* 
4neting  power  of  the  nenres,  or  in  the  contractility  of  the  muscles;  one  or  the  other 
ef  which,  or  perhaps  both,  are  exhausted  by  the  movement  performed.  The  regahr 
alternation  of  inspiration  and  expiration,  and  the  regular  succession  of  the  thrse  aets 
in  the  respiration  of  frogs,  show  pretty  distinctly  that  neither  of  the  preceding  modes 
e(f  explanation  is  sufficient  to  account  for  them;  but  that  some  unknown  infloenee  is 
in  operation  in  the  medulla  oblongata,  which  causes  each  movement  of  the  nervoon 
prfnoiple  towards  the  inspiratory  muscles  lo  be  followed  by  a  motion  of  the  saaM 
principle  towards  the  muscles  of  expiration,  and  owe  vend;  so  that,  as  in  a  pendnlaa 
•r  balance,  the  movement  in  onediiectien  necessitates  the  movement  in  the  opposte 
dbaetion. 

The  respiratory  movements  ars  not  the  only  periodic  automatic  muscular  actions  of 
dally  occarrence  which  are  doe  to  the  influence  of  the  central  organs  of  the  nervons 
system.  The  motions  of  the  muscles  of  the  eye  and  of  the  iris  during  sleep  prassnt 
«•  with  another  example  of  these  antomatio  muscular  actions.  During  sleep  the  eye 
is  tarned  somewhat  inwards  and  upwards,  and  the  iris  is  much  contracted,  altiioagk 
fight  is  quite  excluded.  The  eye  takes  this  position  even  before  sleep  has  come  on; 
iM  the  position  of  the  double  images  which  a  person  sees  when  he  finds  himself  eft 
the  point  of  falling  asleep,  proves  that  the  eyes  are  turned  inwards. 
^  JMmnatic  imowememU  of  ike  animal  eyetem  with  a  permtUmi  type,  Tkt  aphintUn  ^ 
Us  animal  lyalem.—- Althoagh  we  have  voluntary  power  over  these  muscles  lo 
strengthen  their  eoniraciion,  yet  their  action  continues  independently  of  volities 
inriag  sleep  as  well  as  in  the  waking  state,  and  it  cannot  be  voluntarily  internipted» 
«eept  by  egerting  a  counter  preasace  a^rainat  tham  by  their  antf  p^oniat  miiaelae.  The 
principal  sphinctere  of  the  animal  system  are  the  sphincter  ani  and  the  sphinefsv 
^ssien,  which  is  to  a  certain  extent  aubject  to  the  animal  system  of  nerves.  Tbn 
fiwos  sod  impulse  to  contraction  of  theae  muscles  are  derived  from  the  spinal  eovd. 
Injuries  of  the  spinal  cord  cause  their  permanent  relaxation,  and  the  consequent  » 
voluntary  escape  of  the  feces  and  urine;  this  relaxation  of  the  sphinctere  sometimes 
also  occura  under  the  influence  of  depressing  passions,  which  have  the  effect  of 
weakening  the  power  of  the  cord.  Dr.  Hall  has  shown  that  the  sphincter  ani  of  the 
turtle  remains  contracted  as  long,  but  only  so  long,  as  the  lowest  portion  of  the  spinal 
coed  is  left  uninjured. 

The  action  of  the  sphincters  must  be  owing  to  an  incessant  motor  excitement  of 
their  nerves.  In  considering  the  antagonistic  muscular  action,  however,  we  shall 
become  acquainted  with  facts  which  prove  that  not  the  sphinctere  slone,  but  indeed 
all  the  muscles  of  the  animal  system,  are  subject  to  this  constant  motor  excitement. 

We  have  thus  seen  involuntary  movements  partly  of  peribdic  character,  partly  jpier- 
aistent,  which  are  dependent  on  the  influence  of  the  brain  and  spinal  cord.  The  same 
phenomena  are  observed  as  symptoms  of  disease  of  tho  central  organs  of  the  nervous 
system;  persistent  as  well  as  mtermittent  muscular  spasms,  muscular  contractions 
often  occurring  at  very  regular  Intervals,  involuntary  motion  of  the  head  to  and  froy 
trembling  of  the  limbs  and  the  tonic  cramps  returning  at  regular  periods,  are  ex- 
pressions of  morbid  states  of  those  organs,  it  Is  not  known  why  the  motions  assume 
these  characters;  it  has  been  observed  merely  that  the  enduring  contractions  more 

Ginerally  attend  the  diseases  of  a  completely  local  and  fixed  nature,  although  every 
nd  of  disease  of  these  organs  is  capable  of  giving  rise  to  periodic  convulsive  affeo* 
tioaa.  As  a  general  rule,  indeed,  nearly  all  affections  of  the  nervous  system  whieh 
•re  attended  with  muscular  contractiona  come  on  in  paroxysms;  and  even  inflaminatioa 

and  For.  Med.  Rev.  April.  1838.)  The  theory  of  Profesnor  Mailer,  that  the  caute  of  the  first 
respiration  i«  tho  imprvMion  made  on  tho  medulla  oblongata  by  the  arterial  blood,  is  clearly 
opm  to  the  olTJection  that  tho  blood  could  not  be  rendered  arterial,  and  therefore  could  not 
sneke  the  medalU  oblongata,  until  respiration  had  been  at  Uast  once  porformsd. 
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I  Spinal  cord,  thoojirh  the  cause  has  here  a  nnifonn  action,  g^Tes  rise  to  tetanic 
iltiont,  which  occor  in  paroxysms*  These  phenomena,  together  with  the  periodic 
cter  of  the  attacks  of  epilepsy,  while  the  operation  of  their  causes  is  constantf 
to  show  that  the  excitability  of  the  nervons  centres  is  exhausted  by  the  constant 
ssion  of  morbid  irritation,  just  as  the  excitability  of  the  nerves  is  temporarily 
inder  the  influence  of  impressions  which  excite  them,  in  consequence  of  the 
;e  produced  in  the  nervous  matter  by  the  excitement,  and  that  the  power  of  re- 
r  depends  in  both  cases  on  the  excitability  being  restored  by  rest.  The  fading 
of  the  image  of  a  coloured  spot  on  which  the  eyes  are  long  fixed,  and  its  reap- 
nee  aAer  an  interval,  and  the  periodic  daily  return  of  the  states  of  sleep  and 
ig  in  the  sensorium,  are  phenomena  which  are  typical  of  all  such  healthy  or 
d  periodic  actions;  for  in  these  instances  also  the  reaction  ceases  at  intervals  for 
I,  although  the  exciting  impressions  are  constantly  the  same. 

Antagonistic  movements. — The  action  of  muscles  is  not  restricted 
eir  occasional  contraction  when  excited  by  discharges  of  nervous 
snce.  There  are  grounds  for  believing  that  the  muscular  fibres, 
cularly  those  of  the  animal  system  of  muscles,  are  constantly  in  a 
of  slight  contraction,  even  during  their  apparent  repose.  The  re- 
on  of  divided  muscles  in  a  living  body,  and,  still  more,  the  mani- 
sontraction  of  muscles  of  which  the  antagonists  are  divided  or 
ysed,  are  in  favour  of  this  opinion.  When  the  muscles  of  one 
il  half  of  the  face  are  paralysed,  those  of  the  opposite  half  draw 
matures  towards  their  side.  The  tongue,  when  one-half  of  it  is 
ysed,  is  always  drawn  to  the  opposite  side;  and  in  cases  of 
val  of  the  middle  portion  of  the  lower  jaw,  whereby  the  muscles 
h  draw  the  os  hyoides  and  tongue  forwards, — namely,  the  ante- 
)elly  of  thedigastricus,  the  mylohyoideus,  the  genio-hyoideus,  and 
enio-glossus, — lose  their  fixed  point  of  attachment,  the  os  hyoides 
iwn  backwards  by  the  stylo-hyoideus,  and  the  tongtie  by  the  styio- 
118,  so  forcibly,  that  great  danger  of  suffocation  arises.  Hence  it 
d  appear  that  the  state  of  inaction  of  the  different  parts  of  our 
do^fiLDpt  indicate  an  absolutely  relaxed  condition  of  the  muscles, 
sither  that  the  different  groups  of  muscles  antagonise  and  balance 
other;  and  that  when  the  position  of  a  part  is  changed  from  the 
iim  state  of  apparent  rest,  one  or  more  of  the  muscles,  already  ia 
e  of  antagonistic  action,  are  merely  thrown  into  more  powerful 
auction. 

e  antagonism  of  muscular  motions  is  of  great  pathological  import- 
Distortions  are  produced  by  the  balance  of  the  action  of  muscles 
destroyed.    Clubfoot,  for  example,  which  may  take  its  rise  dur* 
le  first  months  of  pregnancy  as  well  as  after  birth,  is  frequently 
\  to  the  proper  balance  in  the  antagonistic  action  of  the  muscles 
I  elevate  the  inner  and  outer  borders  of  the  foot  being  lost,  and  is 
cured  by  restoring  the  balance  of  action.     Either  the  peroneal 
es  which  elevate  the  outer  border  of  the  foot  are  partially  para- 
,  or  the  muscles  which  raise  the  inner  border  are  in  a  state  of 
tlytic  contraction.*'     In   either  case  the  foot  rests  on  its  outer 
.11,  and  is  drawn  inwards  by  the  tibialis  posticus  muscle.    After  a 
however,  the  position  of  the  bones  forming  the  joints  is  altered; 
s  naviculare  is  generally  turned  inwards,  and  the  head  of  the 
;alus,  left  partly  exposed,  forms  a  prominence  on  the  dorsum  of  the 
In  pes  equinus,  in  which  the  heel  is  drawn  up  and  the  foot  rests 
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on  the  toeS)  the  gastrocnetnii  are  tensely  contracted,  and  nevertheless- 
sometimes  atrophied.  A  contracted  state  and  atrophy  of  the  muscles 
are  not  incompatible  with  each  other.  There  is  a  kind  of  paralytic 
loss  of  power  in  muscles  which  is  combined  with  contraction;*  wo 
hare  seen  the  gastrocnemii  both  contracted  and  atrophied  at  the  same 
time. 

Curvatures  of  the  vertebral  column  certainly  in  many  cases  arise 
from  scrofulous  inflammation  of  the  intervertebral  ligaments  and  verte- 
hraoy  producing  softening,  enlargement,  suppuration,  and  loss  of  siit>« 
stance,  but  still  more  frequently  they  are  owing  to  loss  of  balance  in  the 
action  of  the  muscles  of  the  trunk.  That  the  curvature  is  of  the  latter 
kind  may  be  known  by  the  absence  of  the  signs  indicating  rachitis,  and 
by  the  affection  being  benefited  by  gymnastic  exercises.  These  spinal 
curvatures  are,  therefore,  analogous  to  clubfoot  and  pes  equinus.  la 
tubercular  suppuration  of  one  lung,  the  thorax  on  that  side  is  not  ele- 
vated in  respiration,  because  the  lung  is  incapable  of  distension;  the 
thoracic  muscles  of  that  side  are  not  really  paralysed. 

4.  Movements  arising  from  reflex  nervous  action, — The  nature  of 
the  reflected  motions  has  been  already  fully  investigated  and  explained. 
(See  Book  IV.  sect.  iii.  cap.  iii.)  They  include  all  muscular  actions 
which  arise  from  impressions  on  sensitive  nerves  exciting  motor  nerves 
to  action  through  the  intervention  of  the  brain  and  spinal  cord.  They 
MTange  themselves  into  two  principal  groups. 

a.  Reflected  motions  of  the  animal  system, — These  are  the  reflex 
motions  of  muscles  which  are  under  the  influence  of  cerebro-spinal 
nerves;  the  impression  which  excites  them  may  be  made  either  on 
animal  or  on  organic  nerves;  for  example,  in  the  skin  or  in  the  intestinal 
canal.  Coughing  from  irritation  of  the  mucous  membrane  of  the  lungs 
and  larynx,  vomiting  from  irritation  of  the  mucous  membrane  of  the 
pharynx,  stomach,  or  intestine,  and  the  contraction  of  the  iris  from 
irritation  of  the  optic  nerve,  are  examples  of  these  reflex  motions,  of 
which  we  have  described  innumerable  instances  in  the  chapter  on  ner- 
vous reflexion,  p.  552. 

b.  Reflected  motions  of  the  organic  system. — The  movements  of 
the  organic  involuntary  muscles  under  the  influence  of  impressions 
propagated  to  the  brain  and  spinal  cord,  whether  from  parts  supplied 
by  cerebro-spinal  nerves,  or  from  organs  under  the  influence  of  organic 
nerves,  have  been  considered  at  page  567.  Tlie  motion  of  the  heart 
can  be  affected  by  impressions  made  at  any  part  of  the  body,  the  spinal 
cord  being  the  medium  of  transmission  of  the  influence.  The  various 
symptoms  of  fever  are  probably  due  to  the  impression  communicated 
from  some  one  organ  to  the  spinal  cord,  and  perhaps  to  the  brain  also, 
by  organic  nerves  (see  p.  611). 

5.  The  associcUe  or  consenaual  movemenU, — These  phenomena  have  already  been  con- 
sidered generally,  and  their  cause  investijirated  (p.  533).  Their  pecoliariiy  consists 
in  the  voluntary  impulse  to  one  motion  giving  rise  to  the  production  of  other  motions 
contrary  to,  or  independently  of,  the  will;  thus,  whenever  the  eye  is  voluntarily 
directed  inwards,  the  iris  contracts.  The  less  perfect  the  action  of  the  nervous  system, 
tbe  more  frequently  do  associate  motions  occur.    The  motions  of  the  irides,  of  the 

*  See  Ollivier,  Traits  de  la  Moelle  epinidre  et  de  ses  Maladies,  t.  ii.  p.  709. 
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slat  of  the  ear,  of  the  eyelids,  and  of  the  eitremities.  In  the  atleBdpt  to' effect 

•ed  motions,  are  examples  of  sach  assoeiation  (see  p.  d63-4). 

•me  of  the  most  remarkable  facts  illustrating  the  association  and  antaf^onism  of 

lolar  actions  are  presented  bj  the  muscles  which  more  the  eyes.    The  oorre- 

iiBg  branches  of  the  third  or  motor  oculi  nerre  of  the  two  sides  have  a  remarkable 

e  tendency  to  consensual  action,  a  tendency  which  cannot  be  ascribed  to  habit. 

two  eyes,  whether  moved  apwards,  downwards,  or  inwards,  most  always  mofo 

hen  it  is  quite  impossible  to  direct  one  eye  upwards  and  the  other  downwards  at  the 

time.    This  tendency  to  consensual  motion  is  evidenced  even  from  the  time  of 

;  it  mast,  therefore,  be  owing  to  some  peculiarity  of  stroctnra  at  the  origins  of 

wo  nerves.    There  is  an  innate  tendency  and  irresistible  impulse  in  the  eorr^ 

ling  branches  of  the  third  nerve  to  associate  action;  while  in  the  sixth  nerves  not 

is  this  tendency  absent,  but  the  strong  action  of  one  of  these  nerves  is  iDeom- 

le  with  the  action  of  the  other.    These  innate  tendencies  in  the  third  and  sixth 

■  are  extremely  important  for  the  function  of  vision:  for  if,  in  place  of  the  sixth 

8,  the  external  recti  muscles  had  received  each  a  branch  of  the  third  nerve,  it 

1  liave  been  impossible  to  make  one  of  these  muscles  act  without  the  other;  one 

or  example,  could  not  have  been  directed  inwards  while  the  other  was  directed 

irds,  so  as  to  preserve  the  parallelism  or  convergence  of  their  axea,  but  tliey 

i  necessarily  have  diverged  when  one  rectus  extemus  had  been  made  to  set 

tanly.    These  considerations  enable  us  to  understand  perfectly  the  hitlierto 

MUical  fact  that  in  all  Tertebrata  the  external  rectus  muscle  receives  a  special 

the  same  way  we  may  explain  why  the  superior  oblique  muscle  has  received  a 

il  nerve  ^the  fourth  nerve  or  n.  trochlearis),  which  likewise  has  no  tendency  to 

nsual  action  with  the  nerve  of  the  other  eye.    It  is  necessary,  however,  first  to 

nine  the  action  of  the  oblique  muscles.    The  inferior  obliquo  moves  the  pupil 

ds  and  upwards;  this  can  be  very  easily  demonstrated  by  laying  bare  the  musefo 

Jie  front,  the  eye  and  orbit  being  undisturbed,  and  by  then  drawing  the  muscle 

ds  its  point  of  origin.    The  superior  oblique  muscle  rolls  the  eye  downwards 

unewhat  outwards.    Sir  C.  Bell  (Nervous  6^«/fm,8vo.  1824,  p.  3t2,)  has  proved 

y  experiments  on  animals  and  on  the  dead  human  subject.    The  two  superior 

le  muscles  have  no  tendency  to  associate  motion  with  each  other;  the  roorth 

in  this  respect  resembles  the  nervus  abducens  of  the  external  rectus.    When  one 

dirseted  downwards  and  outwards,  the  other  eye  is  not  also  directed  downwards 

itwards,  but  downwards  and  inwards;  this  is  the  case  from  birth  upwards;  it 

I  that  the  motion  of  the  superior  oblique  of  one  eye  through  the  influence  of  the 

Miris  is  incompatible  with  the  action  of  the  corresponding  nerve  and  muscle  of 

ler  eye.    It  is  not  so  with  the  inferior  oblique;  the  branch  of  the  third  or  motor 

lerve,  by  which  it  moves  the  eye  upwards  and  inwards,  has  a  tendency  to  co*- 

il  action  with  its  fellow  nerve  of  the  opposite  side;  the  motion  of  the  eye  np- 

and  inwards  takes  place  therefore  aimultaneously  on  the  two  sides;  it  does  so 

involuntarily  during  sleep.    This  position,  which  the  eye  takes  during  sleep, 

•o  in  hysterical  paroxvsms,  may  be  regarded  as  the  effect  of  the  simultaneous 

of  all  the  branches  of  the  nervus  motor  oculi.    Muscles,  we  have  seen,  (page 

are  slightly  contracted  even  in  the  state  of  rest;  snd,  if  we  suppose  all  the 

les  of  the  motor  oculi  nerve  to  be  in  a  state  of  slight  excitement,  both  eyes 

necessarily  be  turned  upwards  and  inwards.    The  superior  and  the  inferior 

would  balance  each  other^s  action;  the  internal  rectus  would  draw  the  eye  in- 

and  the  inferior  oblique  upwards  and  inwards;  the  corresponding  branches  of 

rd  nerve  which  supplies  these  muscles  being  consensual  in  their  action,  botii 

'onld  be  simultaneously  directed  upwards  and  inwards. 

us  consider  another  effect  which  would  have  resulted  if  the  rectus  extemss 

\  had,  in  place  of  the  sixth  nerve,  received  a  branch  of  the  third  nerve:  had  sudh 

le  case,  the  simultaneous  direction  of  one  eye  upwards  and  inwards,  and  of  the 

ipwards  and  outwards,  which  ao  oAcn  happens,  would  have  been  impossible. 

the  inferior  oblique,  and  the  simultaneous  action  of  the  superior  and  internal 

t  muscles,  directed  the  one  eye  upwards  and  inwards,  the  same  muscles,  owin^ 

association  of  action,  would  have  given  the  other  eye  the  same  direction;  it 

•  Compare  Jomd,  Bsitrige  a.  Erkenstoias  d.  psyohisoh.    Lebsas.  1831, 183. 
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eonid  not  hftTe  been  directed  op  wards  and  ontwards.  Hence  it  was  neeesraij  tiMl 
there  should  be  a  special  nerre  hnring  no  tendency  to  associate  action  with  its  Mlom 
nenre,  but  capable,  by  the  stronger  contraction  of  the  external  rectos  which  it  sapplies, 
not  only  of  preTenting  the  second  eye  from  being  carried  upwards  and  inwards  by  the 
inferior  oblique  and  superior  and  internal  straight  muscles  acting  consensually  with 
the  same  muscles  of  the  first  eye,  but  also,  with  the  aid  of  the  superior  straight  mnsel*, 
of  carrying  it  upwards  and  outwards.  The  same  remarks  apply  in  the  case  of  the 
motion  of  the  one  eye  downwards  and  inwards,  and  of  the  other  eye  downwards  and 
outwards.  If  one  eye  be  turned  downwards  and  inwards  by  the  rectus  inferior  and 
the  rectus  intemus,  the  other  eje  is  turned  downwards  and  outwards  by  the  reetu 
inferior  and  rectus  ezternus,  aided  by  the  obliqous  superior,  which  being  also  aap- 
plied  by  a  special  nerre, — the  fourth,— no  tendency  to  consensual  moTement  in  tha 
eorres|ionding  muscle  of  the  opposite  eye  is  excited.  The  fourth  nerre — nerroa  tio- 
ehlearis— belongs  also  to  the  nerres  of  expression. 

The  associate  motion  of  the  iris,  when  the  motor  ocoli  nerTe  is  thrown  into  aetloo, 
has  been  described  and  explained  at  page  593. 

The  organic  muscles  also  are,  in  some  measure,  subject  to  the  laws  of  assoeiatloB. 
At  pages  568-9,  reasons  are  giTen  for  belioTing  that  the  increased  frequency  and  fond 
of  the  heart's  action  during  muscular  exertions  of  the  body  is  owin^  to  this  eaoaa. 
The  action  of  the  Toluntary  muscles  has  an  influence  on  that  of  the  mtestinal  canal; 
neglect  of  bodily  exertion  is  often  productiTe  of  torpidity  of  the  bowels;  every  one  ia 
aware  how  beneficial  muscular  exercise  is  in  preserving  the  regularity  of  the  maacolar 
action  of  the  intestines  and  regularity  of  excretion. 

6.  Movements  dependent  on  certain  states  of  the  mind. — There  are 
three  classes  of  movements  of  this  kind:  1,  those  dependent  on  mere 
ideas  passing  through  the  mind;  2,  those  arising  from  passions  or  the 
affections;  and,  3,  volnntary  movements. 

a.  Movements  excited  by  ideas, — Certain  groups  of  muscles  of  Ch^ 
animal  system  are  in  a  constant  state  of  proneness  to  involuntary  mo- 
tion^ owing  to  the  susceptibility  of  their  nerves,  or  ratheLih&excilability 
ofthe  parts  of  the  hrain  from  whinh  thpy  arise.  This  is  the  case  with 
all  the  respiratory  nerves,  including  the  facial  nerve.  This  excitabilitji 
this  tendency  to  the  discharge  of  nervous  infltienco,  is  evidenced  in  the 
sneezing  which  occurs  occasionally  from  inte;nal  causes;  but  the  respi- 
ratory muscles  may  be  excited  to  action  merely  by  particular  states  of 
the  mind. 

Yawning,  inasmuch  as  it  can  be  excited  by  the  mere  idea,  or  by  see- 
ing or  hearing  another  yawn,  belongs  to  the  same  class  of  movements. 
The  disposition  to  the  movements  of  the  features  and  the  respiratory 
muscles  that  constitute  yawning,  exists  previously;,  and  it  becomes 
manifested  when  the  idea  gives  to  the  nervous  principle  the  deter- 
minate direction. 

b.  Movements  due  to  the  passions  of  the  mind, — It  is  principally 
the  respiratory  portion  of  the  nervous  system  which  is  involuntarily 
excited  to  the  production  of  muscular  actions  by  passions  of  the  mind. 
Here  again  we  see  that  any  sudden  change,  in. the  state  of-Xhe  brain, 
propagated  to  the  medulla  oblongata,  immediately  causes  a  change  of 
action  in  the  respiratory  muscles,  through  the  medium  of  the  respiratory 
nerves,  including  the  respiratory  nerve  of  the  face.  There  are  no  data 
for  either  proving  or  refuting  the  hypothesis  that  the  passions  have  their 
seat  of  action  in  a  particular  part  of  the  brain,  whence  their  effects 
might  emanate.  But  these  eflects  are  observed  to  be  transmitted  in  all 
directions  by  the  motor  nervous  fibres,  which,  according  to  the  nature 
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lie  passion,  are  either  excited  or  weakened  in  action,  or  completely 
.(ysed  for  the  time. 

he  exciting  passions  give  rise  to  spasms,  and  frequently  even  to 
'ulsive  motions  affecting  the  muscles  supplied  hy  the  respiratory 
facial  nerves.  Not  only  are  tlie  features  distorted,  but  the  actions 
iG  respiratory  muscles  are  so  changed  as  to  produce  the  movements 
ying,  sighing,  and  sobbing.  Any  passion  of  whatever  nature,  if  of 
cient  intensity,  may  give  rise  to  crying  and  sobbing.  Weeping  may 
roduced  by  joy,  pain,  anger,  or  rage.  During  the  sway  ofdepressing 
ions,  such  as  anxiety,  fear,  or  terror,  all  the  muscles  of  the  body 
•me  relaxed, — the  motor  influence  of  the  brain  and  spinal  cord  being 
essed.  The  feet  will  not  support  the  body,  the  features  hang  as 
lOut  life,  the  eye  is  fixed,  the  look  is  completely  vacant,  and  void 
xpression,  the  voice  feeble  or  extinct.  Frequently  tlie  state  of  the 
ngs  under  the  influence  of  passion  is  of  a  mixed  character;  the  mind 
lable  to  free  itself  from  the  depressing  idea;  yet  the  eflbrt  to  con- 
'  this  gives  rise  to  an  exciting  action  in  the  brain.  In  these  mixed 
ions  the  expression  of  relaxation  in  certain  muscles,— in  the  face, 
xample, — may  be  combined  with  the  active  state  of  others;  so  that 
eatures  are  distorted,  whether  in  consequence  merely  of  the  antago- 
ig  action  of  the  opposite  muscles  being  paralysed,  or  by  a  really 
ulsive  contraction.  Frequently  also,  both  in  the  mixed  and  the 
easing  passions,  soiTie  muscles  of  the  face  are  aflected  witli  tremors, 
voluntary  motion  of  a  muscle  half-paralysed  hy  the  influence  of 
ion  is  necessarily  of  a  tremulous  character,  in  consequence  of  its 
g  no  longer  completely  under  the  influence  of  the  will.  We  expe- 
:e  this  particularly  in  the  nmscles  of  the  face  when,  during  the  sway 
depressing  or  mixed  passion,  we  endeavour  to  excite  them  to 
ntary  action;  the  muscles  of  the  organ  of  voice  also,  under  such 
imstances,  tremble  in  their  action,  and  the  words  attempted  to  be 
'ed  are  tremulous. 

he  nerve  most  prone  to  indicate  the  ^tate  of  the  mind  during  pas- 
sis  the  facial;  it  is  the  nerve  of  physiognomic  expression,  and  its 
re  of  action  becomes  more  and  more  limited  it)  difl'erent  animals,  in 
ortion  as  the  features  lose  their  mobility  and  expressive  character, 
lie  completely  dilferent  expression  of  the  features  in  different  pas- 
I  shows  that,  according  to  tlie  kind  of  feeling  excited,  entirely  dif- 
it  groups  of  the  fibres  of  the  facial  nerve  are  acted  on.*  Of  tlie 
e  of  this  we  are  quite  ignorant. 

le  disturbed  action  of  the  heart  during  mental  emotions  is  a  remark- 
instance  of  the  influence  of  the  passions  over  the  movements  of 
ns  supplied  by  the  sympathetic  nerve. 

Voluntary  movements, — The  cerebral  and  spinal  nerves  are  alone 

ble  of  exciting  voluntary  motion.     The  history  of  cases  of  paralysis 

disease  of  the  spinal  cord  shows  that  the  fibres  of  the  spinal  nerves 

continued  upwards  to  the  medulla  oblongata,  and  that  the  will  has 

ircct  action  on  them  at  any  other  part  of  their  course  than  in  the 

3n  the  imitative  movements,  consult  Haschke,  Mimices  ct  Physiognomices 
aent.  Physiol.    Jena,  1821. 
51 
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medalla  oblongata,  which  is  the  source  of  all  the  Tolontary  moTementa 
Again,  the  origin  of  the  greater  number  of  the  cerebral  nerves  from  that 
part  of  the  nervous  centres,  and  the  possibility  of  tracing  the  roots  of 
motor  nerves  apparently  arising  from  other  parts  of  the  brain*  to  the 
same  point,  as  well  as  the  history  of  lesions  of  the  brain,  prove  that  the 
cerebral  motor  nerves  also  receive  their  voluntary  incitement  to  action 
from  the  medulla  oblongata. 

'^  >  The  fibres  of  all  the  motor,  cerebral,  and  spinal  nerves  may  be  ima^ 
gined  as  spread  out  in  the  medulla  oblongata,  and  exposed  to  the  inflo^ 
ence  of  the  will,  like  the  keys  of  a  piano-forte.  The  will  acts  only  on 
this  part  of  the  nervous  fibres;  but  the  influence  is  communicated  along 

<^  the  fibres  by  their  action,  just  as  an  elastic  cord  vibrates  in  its  whole 
length  when  struck  at  any  one  point.  It  is  in  the  present  state  of  oar 
knowledge-^and  perhaps  always  will  be — impossible  to  determine  how, 
by  an  exertion  of  the  will  in  the  medulla  oblongata,  the  nervous  fibres 
are  excited  to  action.  All  that  we  can  do  is,  to  consider  the  fact  in  its 
greatest  simplicity. 


CHAPTER  11. 

or  THE  COMPOUND  VOLVNTABT  MOVEMENTS. 

Bt  the  compound  voluntary  movements  we  understand  all  combinai* 
tions  of  movements  in  determinate  groups,  which  the  mind  has  a  share 
in  producing.  The  kinds  of  motion  treated  of  in  the  preceding  chapter 
may  enter  as  elements  into  the  composition  of  these  combined  move- 
ments. We  have  here  to  consider  the  simultaneous  series  of  voluntary 
movements  consequent  on  several  series  of  ideas,  the  associations  of 
movements,  and  of  ideas  with  movements,  the  instinctive  moveaients^ 
and  the  movements  of  iocomotion. 

a.  Simultaneous  series  of  movements, — Not  only  can  motion  be 
determined  voluntarily  for  a  given  object  in  very  different  parts  of  the 
body  at  the  same  time;  but  voluntary  movements  for  very  different 
objects  can  likewise  be  simultaneously  performed.  It  is  easy  to  write 
and  smoke  at  the  same  time;  a  performer  on  a  musical  instrument  reads 
the  notes  both  of  the  song  and  the  accompaniment,  calling  the  muscles 
of  the  eyes  into  action  for  this  purpose,  and  sings  and  plays  simultane- 
ously. 

b.  Association  of  movements  and  ideas. — The  rapidity  and  easy  suc- 
cession of  movements  are  promoted  by  their  frequent  repetition.  This  is 
what  we  call  practice.  A  person  who  is  not  practised  cannot,  in  a  con- 
stant rapid  change,  interrupt  and  again  renew  the  same  movement,  or 
execute  complex  movements  with  regularity.  The  effect  of  practice 
shows  that  the  more  frequently  the  same  fibres  are  thrown  into  action, 
the  easier  does  their  action  become.* 

*  The  laws  of  the  association  of  voluntary  moTements  have  been  so  frequently  ex- 
plained, that  they  are  now  very  generally  recognised,  even  in  writings  on  practical 
medicine.    The  phenomena  of  association  have  been  studied  more  especially  by  Dar- 
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^6  have  to  consider  this  kind  of  association  in  two  points  of  view. 
Association  of  movements  with  movements.  Hitherto  the  invo- 
iry  consensual  or  associate  movements  have  been  frequently  con- 
ded  with  the  voluntary  associated  movements.  The  former  depend 
le  influence  voluntarily  directed  in  the  sensorium  to  tlie  excitement 
le  nerve  extending  involuntarily  to  another.  Thus  one  eye  cannot 
oluntaiily  raised  without  the  other  being  also  raised  involuntarily. 
1  phenomena  are  not  the  result  of  practice;  their  cause  is  iqnate.  ^ 
y  are  observed  to  the  greatest  extent  in  the  persons  least  practisSl;' 
ihe  object  of  practice,  and  the  education  of  the  muscular  move- 
t8|  consist  partly  in  learning  to  confine  the  action  excited  by  the 
to  single  groups  of  nervous  fibres.  The  result  of  exercise  or  prac- 
with  respect  to  these  movements  is  therefore  the  diminution  of  the 
ency  to  the  involuntary  association.  It  is  quite  otherwise  with  the 
elation  of  voluntary  movements.  Here  practice  developes  in  the 
cles  the  capability  for  rapid  succession  or  simultaneous  execution  ' 
lovements,  when  the  muscles  as  yet  have  but  little  proneness  to 
I  association.  The  effect  of  practice  is,  therefore,  in  this  case,  the 
^  reverse  of  its  result  in  the  case  of  the  involuntary  associate  move- 
its.  Practice  diminishes  or  annuls  the  innate  tendency  to  involun- 
association  of  movements,  while  it  renders  the  voluntary  associa- 
of  several  muscles  in  action  more  easy. 

Association  of  ideas  and  movements. — The  connection  between 
s  and  movements  is  sometimes  as  close  as  that  between  different 
a;  thus,  when  an  idea  and  a  movement  have  frequently  occurred  in 
lection  with  each  other,  the  idea  often  excites  the  involuntary  pro- 
tion  of  the  movement.  Hence  it  is  that  a  threatening  movement 
>re  the  eyes,  even  the  passing  of  another  person's  hand  in  front  of 
0,  causes  the  eyelids  to  be  involuntarily  closed;  that  we  are  accus- 
ed always  to  accompany  the  expression  of  certain  ideas  with  certain 
ares,  and  that  we  involuntarily  move  our  hands  to  catch  a  falling 
y.  It  is  a  general  rule  that  the  more  frequently  ideas  and  move- 
its  are  voluntarily  associated  together,  the  more  prone  are  the 
cements  to  be  excited  by  those  ideas  rather  than  by  the  will,  or  to 
rithdrawn  from  the  influence  of  the  will. 

tie  association  of  movements  with  certain  ideas  is  not  an  isolated 
of  its  kind,  even  if  we  do  not  take  into  account  the  frequent  asso- 
ion  of  ideas  with  each  other.  Ideas  do  not  act  merely  on  the  motor 
aratus  by  which  they  are  expressed;  they  as  frequently  affect  the 
ins  of  sense,  which  then  present  sensorial  impressions  or  images  of 
ideas.  There  is  a  great  difference  between  the  idea  of  a  disgusting 
»tion  and  the  sensation  of  disgust  itself,  and  nevertheless  the  mere 
I  of  a  nauseous  taste  can  excite  the  sensation  even  to  the  production 
omiting.  The  quality  of  the  sensation  is  a  properly  of  the  sensitive 
re,  which  is  here  excited  without  any  external  agent.  The  mere 
\K  of  a  person  about  to  pass  a  sharp  instrument  over  glass  or  porce- 

.  and  are  described  in  his  Zoonomia,  vol.  i.  Compare  also  Reil,  Fieberlehre,  i?. 
09;  ReiU  yon  der  Lebenskrafi;  Rail's  ArchiT.  i.;  and  Braadis,  Veraaoh  dber  die 
Mtfkrafi.    Hannorer,  1795. 
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lain  is  stifficient^as  Darwin  remarks,  to  excite  the  well-known  sensation 
in  the  teeth.  The  mere  thinking  of  objects  capable  when  present  of 
exciting  shuddering,  is  sufficient  to  produce  that  sensation  of  the  surface 
in  irritable  habits.  The  special  properties  of  the  higher  senses,  sight 
and  hearing,  are  rarely  thus  excited  in  the  waking  state,  but  very  fre- 
quently in  sleep  and  dreams;  for,  that  the  images  of  dreams  are  really 
seen,  and  not  merely  present  in  the  imagination,  any  one  may  satisfy 
himself  in  his  own  person  by  accustoming  himself  regularly  to  open  his 
eyes  when  waking  after  a  dream.  The  images  seen  in  the  dream  are 
then  sometimes  still  visible,and  can  be  observed  to  disappear  gradually. 
This  was  remarked  by  Spinoza,  and  I  have  convinced  myself  of  it  in 
my  own  person.* 

e.  IfuUnctive  movements* — The  combined  moTementa,  of  which  the  natare  is  most 
obscure,  are  iacontpsti^bly  the  instinctive.  All  those  acts  of  animals  are  inatinctiTe* 
which,  though  performed  Tolantarily,  do  not  ncTertheless  depend  primarily  on  tiw 
mere  will  of  the  animal,  which  have  an  object  accordinj^  with  the  wants  of  the  orgaBi- 
ism  bat  unknown  to  the  animal,  and  of  which  the  hidden  cause,  acting  in  accordance  , 
with  the  design  of  the  system,  incites  the  animal  to  the  necessary  acts  by  presenting 
to  its  sensorium  the  **  theme'*  of  the  voluntary  movements  to  be  ex^uted  in  detaH  by 
the  influence  of  the  will.  When  incited  by  instinct,  we  are  conscious  only  of  feelinos 
and  impulses  to  determinate  acts.  And  these  instinctive  impulses  in  the  human  sub- 
ject are  few;  the  impulse  to  the  movements  of  sucking  in  the  infant  is  an  instance* 
The  acts  which  lead  to  the  exercise  of  the  sexual  impulse  are  in  animals  generally 
excited  by  instinct;  in  man  this  is  certainly  only  in  part  the  case.  Even  admitting 
the  embrace  of  forms  which'  excite  the  feeling  of  love  to  be  the  result  of  an  im* 
poise  implanted  in  us,  the  first  of  our  race  undoubtedly  learnt  the  rest  by  experience* 
The  number  of  the  instinctive  acts  is  great  in  animals  in  proportion  to  their  ineaptp 
bility  of  accomplishing  the  design  for  which  their  species  was  created  by  their  mental 
powers.  This  is  not  the  place  to  recount  the  great  number  of  the  instinctive  acta  con- 
neoted  with  the  migration  of  animals,  the  construction  of  nests  and  dwellings,  the 
formation  of  webs,  and  the  rearing  of  young. 

The  cause  of  instinct  appears  to  be  the  same  power  as  that  on  which  the  first  pro- 
duction of  the  animal,  and  the  perfection  of  its  organisation  in  unison  with  an  eternal 
law,  depend. t  The  instinctive  acts  of  animals  slutw  us  thatihia  poweiv-^gbioht  inde- 
pendent  of  any  organ,  forms  the  whole  ocganisation  with  reference  to  a  determinate 
porppse  and  in  accordance  with  an  unchanging  law,  has  moreover  ah  action  beyond 
this;  they  prove  that  it  influences  the  voluntary  movements.  That  which  is  effected 
bjf  the  instinctive  movements  is  equally  in  accordance  with  a  determinate  purpose, 
and  as  necessary  fur  the  existence  of  the  genus  and  species  as  the  organisation  itself; 
but  while,  in  the  case  of  the  organisation  of  the  being,  the  object  attained  formed  part 
of  the  organism,  in  the  case  of  the  instinctive  movement  it  is  something  in  the  exterior 
world;  the  mental  power  of  the  animal  is  incited  by  the  organic  creative  force  to  con- 
ceive, and  to  attempt  to  attain,  some  special  object.  The  primary  cause  of  instinct  is 
therefore  not  seated  in  any  one  organ,  but  is  identical  with  the  creative  force  of  the 
or^nisation,  the  operations  of  which  are  guided  by  an  unvarying  law  and  a  rational 
pnociple.  The  influence  of  this  force  in  the  production  of  instinct  is,  however,  first 
manifested  in  the  sensorium.  .  The  expression  of  Cuvier  with  reference  to  instinct  is 
very  correct.  He  says,  that  animals  in  their  acts  of  instinct  are  impelled  by  an  innate 
idea, — as  it  were,  by  a  dream. 

From  the  acts  due  to  instinct,  we  must  distinguish  certain  others  which  many  ani- 
mals are  able  to  perform  with  great  precision  even  during  sleep  after  they  have  by 
previous  practice  gradually  acquired  the  necessary  ability.     Many  birds  sleep  standing 

*  See  Gruithhuisen,  Beitrage  zur  Physiognosie  u.  Eautognosie.     Munehen,  181SI; 
and  J.  Muller,  uber  die  phantastischen  Gesichts  erscheinungen.   Coblenz,  1826. 
t  The  attributes  of  the  creative  organic  force  or  power  have  been  cootidered  at  pagea 


HOVSICBHTS  OV  LOCOMOTION.  67? 

They  preserre  their  eqnilibriam  with  the  greatest  certainty,  and  there 
le  force  exerted  in  these  acts,  though  the  sensorial  operations  of  the  sen- 
te  suspended.  Sleep-walking  is  a  similar  phenomenon.  It  is  not  instinct 
somnambulist,  but  the  faculty  of  walking  safely  acquired  by  experience, 
he  continues  to  exercise  cTen  during  sleep.  All  the  knowledge  acquired 
ind  experience  with  reference  to  maintaining  his  balance  is  pot  in  prae- 
he  operation  of  his  mind  alone,  and  not  by  instinct,  that  he  is  prevented 
but  his  sensoriam  is  active  in  one  direction  only,  and  in  no  others;  and 
ice  of  his  bein^,  in  consequence  of  this  limited  action  of  his  faculties, 
n(^r,  renders  him  secure,  and  carries  him  safely  past  precipices^  These 
e  indeed  not  so  difficult  of  explanation  as  at  first  sight  appears.  The 
which  a  person  walks  over  a  moderately  sloping  surface  depends  en- 
nowinff  that  it  is  not  at  a  great  elevation.  The  same  sloping  surface  on 
pears  dangerous  and  difficult  to  ascend;  and  provided  a  person  does  not 
r  in  the  last  case,  he  will  pass  over  the  ascent  as  securely  as  if  it  were 
ince  only  from  the  surface  of  the  earth. 

iinate  movements. — Although  the  movements  of  locomo- 
pendent  on  the  will,  the  appropriate  combination  of  the 
iscular  acts  necessary  for  them  appears,  nevertheless,  to  be 
>re  easy  by  some  internal  disposition  of  the  nervous  system, 
)ems  to  subsist  between  the  nervous  centres,  the  groups  of 
1  their  nerves,  ^Ji.armony  of  action,  dependent  on  original 
This  idea  is  suggested  by  the  experiments  on  the  functions 
lellum  and  the  spinal  cord.  Decapitated  birds  are  seen  to 
ids  of  attempts  at  locomotion.  The  same  has  been  observed 
Uthough  they  have  not  the  character  of  voluntary  move- 
ed  by  the  influence  of  the  brain,  still  there  prevails  a  certain 
een  the  different  acts  of  such  tumultuous  movements  ob- 
ese after  decapitation. 

Timents  of  M.  Fiourens,  show  that  there  exists  not  merely 
I  cord  a  provision  for  the  performance  of  certain  groups  of 
in  unison,  but  that  the  cerebellum  more  especially  rules 
nbination  of  the  muscular  actions  required  for  locomotion 
25  and  63d).  Injuries  of  the  cerebral  hemispheres,  or  their 
I  not  deprive  the  animals  of  the  power  of  executing  com- 
nents.  But  the  removal  of  the  cerebellum  produced  not 
kness,  but  loss  of  all  harmony  in  the  action  of  the  groups  of 
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ik  are  for  the  most  part  destitute  cf  locomotion^  and  are  only  capable  of  a 
mt  of  particular  parts  with  reference  to  the  rest  of  the  body.  Some  of 
are  fixed  by  one  part  of  their  body;  others  lie  free. 
Is  belonging  to  very  different  classes  are  free  during  one  part  of  their  Ufe^ 
jther, — Some  are  first  fixed,  and  afterwards  free:  of  this,  the  Vorticelltt, 
irenberg,  afford  us  an  example.  Others  are  free  during^  the  earlier  stage 
id  afterwards  become  fixed,  and  destitute  of  all  locomotion;  of  which 
ream&tance,  the  interestinff  observations  of  Von  Nordmann  respecting 
f  Dug^s  respecting  the  Hydrachnida,  and  of  Bnnneiater  on  the  Cir- 
nt  us  with  examples. 

51* 
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AinMALS  ENDOWED    WITH  LOCOMOTIOIT. 

The  organs  of  motion  in  animalB  capable  of  changing  their  sitaation  are  tometimef 
cilia,  bristleSt  laminie,  or  fins,  sometimes  articulated  members.  In  other  cases  the 
moTement  is  effected  by  the  expalsion  of  fluids  preTiously  taken  in;  by  ondulatory 
moTements  of  the  difiTerent  parts  of  the  body,  which  are  in  tarn  fixed,  drawn  after 
other  parts,  or  stretched  forwards;  or  by  the  alternate  dilatation  and  contraction  of  the 
whole  body. 


(a)  The  author  in  describing  the  different  movements  of  the  animal 
frame,  performed  under  the  guidance  of  volition,  has  omitted  a  descrip- 
tion of  the  passive  organs  of  the  apparatus  by  which  these  movements 
are  performed.  These  organs  are  the  bones  and  articulations,  constitut- 
ing the  levers  which  are  set  in  motion  by  the  muscles,  or  the  active 
organs.  Restricted  as  I  am  to  limited  space,  I  must  content  myself  with 
a  very  slight  sketch,  and  in  giving  it,  shall  borrow  from  one  of  the 
lectures  on  the  Institutts  of  Medicinty  which  I  used  to  deliver  at  the 
Philadelphia  Medical  Institute.  Before  doing  so,  however,  I  will  intro- 
duce the  remarks  of  the  author  on  the  structure  of  bone. 

^onet.— Bj  macerating  bones  in  dilate  mnriatic  acid  the  earthy  matter  is  ex- 
tracted, leaving  the  cartilage.    The  cartilage  of  bone  has  essentially  the  same  stroo- 
tore  as  permanent  cartilage,  and  before  ossification  has  all  its  characters.    If,  af\er  the 
earthy  matter  is  extracted  from  the  cartilage  of  bone,  the  maceration  in  dilute  acid  it 
continued  for  a  considerable  time,  the  cartuage  separates  into  layers  like  those  of  an 
onion.    Without  this  continued  maceration  of  the  cartilage,  however,  these  lamiMi 
oan  be  recognised;  in  the  flat  bones  they  are  arranged  parallel  to  each  other  in  the 
plane  of  the  surfaces  of  the  bone,  in  the  cylindrical  bones  concentrically  around  the 
medullary  cavity.    Besides  these  concentric  lamine  there  are  other  secondary  lamella, 
forming  concentric  circles  around  the  osseous  canals,  which  are  seen  in  great  numbers 
on  the  surface  of  any  section  of  bone.    These  osseous  canals  with  their  concenUie 
laminn  lie  between  the  ^ater  concentric  lamine;  they  contain  fatty  matter  and  ve»- 
•els,  and  represent  in  miniature  the  medullary  cavity  of  the  cylindrical  bone.    The 
OMeous  canals,  also  called  medullary  canals  or  Haversian  canals,  run  longitudinally 
in  the  cylindrical  bones,  anastomosing  occasionally;  in  spongy  bones  they  are  replaced 
by  medullary  cells.     Much  of  the  minute  structure  of  bone  cannot  be  seen  in  the  car* 
tilage  robbed  of  the  earthy  matter,  but  only  in  very  thin  sections  of  bone  itself. 
"When  such  sections  of  bone,  ground  very  thin,  are  examined  with  the  microscope, 
there  are  seen  numerous  oval  corpuscules  of  the  form  of  the  corpuscoles  of  cartilage; 
these  are  called  the  osseous  corpuscules.     From  each  of  these  small  bodies  radiate  a 
number  of  minute  canaliculi,  some  of  which  are  branched.    The  diameter  of  these  ra- 
diating canaliculi  is  yg\jjy  to  ^^^  of  a  Paris  line.    They,  as  well  as  the  corpuscules, 
appear  dark  when  viewed  by  transmitted  light,  while  the  substance  in  which  they  are 
contained,  if  the  lamina  of  bone  is  sufiiciently  thin,  appears  quite  transparent.     If  the 
0ame  laminae  of  bone  are  viewed  by  reflected  light  while  lying  upon  a  dark  surfaeo, 
the  corpuscules  and  canaliculi  appear  white;  but  acids  render  them  transparent,  which 
seems  to  show  that  they  contain  inorganic  deposits  either  in  their  cavity  or  in  their 
walls.    The  principal  mass  of  the  calcareous  salts,  however,  must  be  contained,  not 
in  the  corpuscules  and  canaliculi,  but  in  the  transparent  substance  in  which  they  lie 
imbedded.    For  when  laminae  of  bone  are  boiled  with  potash,  which  dissolves  all,  or 
the  greater  part  of  the  cartilage,  the  calcareous  salts  are  seen  still  filling  the  inter- 
spaces between  the  minute  radiating  canals.     Whether  the  calcareous  salts  in  this 
part  of  the  osseous  substance  are  united  chemically  or  merely  mechanically  with  the 
cartilage  cannot  be  decided.    The  earthy  material  of  bone  consists  in  greater  part  of 
phosphate  of  lime  with  carbonate  of  lime,  and  small  quantities  of  phosphate  of  mag- 
nesia and  fluoride  of  calcium.    The  phosphnte  of  lime  of  bone  is  a  sub-salt  in  a  peca- 
liar  state  of  combination,  such  as  is  always  obtained  when  superphosphate  of  the 
earth  is  precipitated  by  excess  of  ammonia.    The  phosphate  of  lime  of  the  urine  is  a 
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super-salt,  and  is  io  a  state  of  solution.    In  roollities  ossium  this  soluble  phosphate 
seems  to  be  excreted  by  the  kidneys  in  increased  quantity. 
Berzelius's  analysis  of  bone  of  the  human  subject  and  ox  are  as  follows:— 

Human  bone.  Bone  of  the  ox, 

CartUtffe  completely  loluble  in  water    •  32.17  >  o«4n 

VeeaelB 1.13  J        ....        3*30 

Subphoepbate  oflime    ....  51.04 

Carbonate  of  lime  ....  1 1.30 

Fluate.of  lime 2.00 

Phoephate  of  magnesia .        •        .        .  1.16 

Soda  with  a  minute  proportion  of  /  «  nn 

chloride  of  aodium     .        .        ^       '  ^-^^ 


55.45 
3.85 
2.90 
2.05 

2.45 


100.00  100.00 

Schreger  states  that  in  the  bones  of  a  child  the  earthy  matter  constitutes  j^,  in  the 
bones  of  an  adult  |,  and  in  those  of  an  old  person  {  of  the  whole  mass.* 

That  the  phosphorus  and  calcium  exist  in  the  bones  in  the  state  of  phosphate  of 
lime,  is  proved  by  the  affinity  evinced  by  madder,  when  taken  as  food,  lor  the  bones 
cf  Jiving  animals,  which  it  colours  red. 

The  animal  constituent  of  bone  or  its  cartilage  is  composed  of  gelatin.  A  remarka- 
ble fact,  which  my  investigations  have  elicited,  is,  that  the  cartilage  of  bone  before 
ossification  consists  of  chondrin,  but  afierwards  of  the  ordinary  gelatin.  Bones 
affected  with  mollities  ossium  no  longer  yield  gelatin,  but  contain  a  large  quantity  of 
fatty  matter. 

The  intimate  structure  of  cartilage  has  been  described  in  a  former  Book,  p.  106* 
and  its  divisions  at  p.  116. 

Organs  of  Support. — Man^  as  well  as  the  other  vertebral  animals, 
(mammifereey  birds,  reptiles  and  fishes,)  has  an  internal  skeleton,  formed 
of  a  great  number  of  bones  articulated  together  and  set  in  motion  by 
the  muscles  with  which  they  are  covered.  This  skeleton,  called  the 
osseous  system,  serves  as  a  foundation  to  the  animal  machine,  yields  a 
firm  support  to  all  its  parts,  determines  the  size  of  the  body,  its  propor- 
tions, forms  and  attitudes.  Without  the  bones,  the  body  would  have  no 
permanent  form,  and  could  not  easily  move  from  one  place  to  another: 
they  constitute  in  fact  its  levers,  and  transmit  the  weight  of  our  parts  to 
the  earth.  The  skeleton  of  the  human  subject  is  composed  of  the  fol- 
lowing bones:  thirty-two  vertebrae,  of  which  seven  are  cervical,  twelve 
dorsal,  five  lumbar,  five  sacral,  and  three  coccygeal.  Of  the  ribs, 
seven  pair  unite  at  the  sternum  by  cartilaginous  prolongations  and  are 
called  true  ribs;  the  following  five  are  named  false  ribs.  The  cranium 
has  eight  bones,  viz.  one  occipital  or  occipito-basilary,  two  temporal, 
two  parietal,  the  frontal,  the  ethmoid  and  the  sphenoid.  The  bones  of 
the  face  are  fourteen  in  number, — two  maxillary;  two  malar,  each  of 
which  is  joined  to  the  maxillary  of  the  same  side  by  a  kind  of  process 
which  forms  the  zygomatic  arch;  two  nasal;  two  palatine,  the  vomer 
between  the  nostrils;  two  spongy  bones  of  the  nose  in  the  nostrils;  two 
lachrymal  ones  at  the  internal  sides  of  the  orbits,  and  the  single  bone 
of  the  lower  jaw  or  the  inferior  maxillary.  Each  maxillary  bone  has 
sixteen  teeth,  viz.  four  incisors  in  the  middle;  two  pointed  canine  ad- 
joining, and  ten  molar,  with  a  tuberculous  corona,  (five  on  each  sidCi) 

*  See  Hildebrandt*8  Anatomie  by  Weber,  t  i.  p.  31 6.  On  the  composition  of  diseased  bone, 
consult  Bostock,  Medico-Chirurg.  Traos.  vol.  iv.;  and  on  the  proportions  of  animal  and  earthy 
matter  in  different  br>nes,  healthy  and  diseased,  Dr.  Rees,  Med.  Cliir.  Transact  ?oi.  zzi.;  and 
Goy*s  Hosp.  Rep.  No.  viii. 
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forming  in  all  thiity-two  teeth.*  The  scapula  has  at  the  end  of  its 
spine  or  projecting  ridge  a  tubercle,  called  acromion,  to  which  is  at- 
tached the  clavicle;  and  above  its  articulation  is  a  point  called  the  cora- 
coid  process  for  the  attachment  of  some  muscles.  The  radius  turns  cona- 
pletely  on  the  ulnar  or  cubitus,  owing  to  the  manner  of  its  articuiatioa 
with  the  humerus.  The  carpus  has  eight  bones,  four  in  each  row;  the 
tarsus  has  seven.  The  remaining  ones  of  the  hand  and  foot,  or  meta- 
carpal and  metatarsal,  are  easily  counted,  being  the  same  in  number  as 
the  fingers  and  toes.  The  bones  of  the  pelvis  give  support  to  the  spinal 
column  above,  and  have  cavities  below  for  the  articulation  with  the 
femur  on  each  side — which  again  is  articulated  with  the  two  bones  of 
the  leg, — tibia  and  fibula. 

The  articulations  which,  as  we  have  seen,  unite  the  different  bones 
of  the  skeleton,  lire  not  all  intended  to  allow  of  motion.  Several^  as 
the  serrated  and  squamous  sutures  and  gomphosis^  are  entirely  without 
motion,  and  are  on  that  account  termed  synarthrosis.  All  the  other 
articulations,  whether  the  bones  are  in  immediate  contact  {diarthrosis 
of  contiguity,)  or  whether  they  are  united  by  a  substance  interposed 
between  them  (diarthrosis  of  continuity  or  amphiarthrosis),  are  en- 
dowed with  a  certain  degree  of  mobility.  These  are  the  articulations 
which  allow  of  extensive  motion  in  every  direction  (diarthrosis  orit- 
eularis  or  rotatory),  or  which  move  only  in  two  opposite  directions  (alter- 
nate diarthrosis  or  ginglymus),  hinge-like,  either  by  an  angle  (angular 
^nglymus)  or  by  executing  on  each  other  motions  of  rotation  (lateral 
•ginglymus). 

In  all  the  articulations,  the  osseous  extremities  are  covered  by 
lamina,  of  a  substance  less  hard  than  that  of  bone.  These  are  the 
.articulating  cartilages,  which  answer  the  two  purposes  of  giving  to  the 
•ends  of  the  bones  the  degree  of  polish  necessary  to  their  slipping  freely, 
and  to  facilitate  motion  by  the  considerable  degree  of  elasticity  which 
•they  possess. 

The  osseous  system  is,  except  at  the  joints,  imbedded  in,  or  covered 
by,  muscles,  which  are  almost  always  parallel  to  the  bones  that  they 
are  intended  to  move.  They  are  really  the  active,  while  the  bones 
may  be  called  the  passive,  organs  of  motion.  The  direction  of  the 
former,  parallel  to  the  latter,  which  they  are  to  move,  makes  them  act 
to  a  disadvantage:  the  greater  part  of  the  muscles  are  besides  inserted 
in  the  bones,  very  near  the  articulations  or  the  centre  of  motion,  and 
move  them  as  levers  of  the  third  kind,  that  is,  are  placed  between  the 
fulcrum  and  the  resistance.  In  addition  to  this,  there  is  a  loss  of  power 
in  the  muscular  fibres  acting  frequently  on  the  aponeurotic  covering  in 
place  of  the  tendinous  termination;  and  also  in  their  passing  over 
articulations  in  their  way  to  the  bone  which  they  are  to  move.  Owing 
to  these '  causes,  there  is  an  erroneous  misapplication  of  power  and 
saste  of  the  greater  part  of  it.  It  has  been  reckoned,  that  the  deltoid 
mnscle  employs  power  equal  to  2568  pounds  to  overcome  a  resistance 
•^  fifty.t 

The  intimate  structare  of  the  teeth  has  heen  described  at  page  109. 
The  compensatingr  advantages  will  be  stated  at  p.  684. 
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A  few  words  now  on  the  peculiar  conformation  of  the  human  frame 
before  we  speak  of  its  motions  and  attitudes. 

The  foot  of  man  is  very  different  from  that  of  all  other  animals,  even 
the  monkey:  it  is  broad,  the  leg  rests  vertically  on  it;  the  heel  is  full 
beneath: — his  toes  are  short  and  cannot  bend  to  any  extent;  the  great 
toe  longer  and  thicker  than  the  rest  is  not  an  antagonist  to  them.  The 
foot  then  is  adapted  to  the  support  of  the  body,  but  it  can  serve  neither 
for  prehension  or  catching  hold,  nor  climbing:  and,  as  the  hands  cannot 
furnish  any  aid  in  walking,  man  is  the  only  animal  truly  bimanus  and 
bipes,  or  with  two  hands  alone  and  two  feet  alone  for  separate  offices. 

The  human  body  is  arranged  exclusively  for  a  vertical  or  upright 
position.  The  feet  furnish  a  support  larger  than  any  other  of  the 
mammiferae:  the  muscles  which  retain  the  foot  and  thigh  in  a  state  of 
extension  are  more  vigorous,  whence  the  projection  of  the  calf  of  the 
leg  and  the  hips:  the  flexors  of  the  leg  have  their  insertions  higher  np, 
which  affords  the  knee  a  complete  extension  and  leaves  the  calf  more 
prominent;  the  pelvis  is  larger,  which  separates  the  feet  and  gives  the 
trunk  a  pyramidal  form  favourable  to  an  equilibrium:  the  necks  of  the 
thigh  bones  form  with  their  body  an  angle  which  augments  still  more 
the  separation  of  the  feet  and  enlarges  the  base  of  the  body:  finally,  the 
head  in  its  vertical  position  is  balanced  on  the  trunk  because  its  articu- 
lation is  nearly  betieath  the  centre  of  its  mass.  ( Cuvier^  Begne  •dnimalef 
t  L  pp.  82-83-84.) 

Man  then  can  only  support  himself  with  any  ease  on  his  feet.  He 
preserves  the  free  use  of  his  hands  for  the  arts,  and  his  organs  of  sense 
are  situated  most  favourably  for  observation.  The  hands  so  much 
fiivoured  on  the  side  of  freedom  are  not  less  on  that  of  structure.  The 
thumb  longer  in  proportion  than  in  the  monkey's  gives  greater  facility 
for  the  prehension  of  smaller  objects:  all  the  fingers  except  the  ring  one 
have  separate  movements,  which  we  do  not  find  in  other  animals,  even 
in  the  monkeys.  The  nails  covering  but  one  side  of  the  end  of  the 
finger  give  a  support  to  the  touch  without  in  any  degree  impairing  its 
delicacy.  The  arms  which  support  the  hand  have,  moreover,  a  solid 
attachment  by  means  of  their  large  scapula,  and  their  strong  clavicle. 

Motion.  The  human  body  in  its  most  common  position  or  that  of 
•tending  has  its  parts  of  sustentation  and  motion  placed  as  follows: 

The  head  intimately  united  to  the  atlas  forms  with  it  a.  lever  of  the 
first  kind,  whose  point  of  support  or  fulcrum  is  in  the  articulation  of 
the  sides  of  the  substance  of  the  atlas  and  of  the  axis,  while  the  power 
and  the  resistance  occupy  each  an  extremity  of  the  lever,  represented 
the  one  by  the  face,  the  other  by  the  occiput.  The  point  of  support 
being  nearer  to  the  occiput  than  to  the  forepart  of  the  head,  the  face 
tends  by  its  weight  to  fall  forwards:  but  it  is  kept  in  equilibrium  by  the 
contraction  of  the  muscles  attached  to  its  posterior  part.  The  vertebral 
column,  therefore,  supports  the  head  and  transmits  the  weight  of  it  to 
its  lower  extremity. 

The  superior  limbs,  the  soft  parts  of  the  neck  and  thorax,  gravitate 
mediately  or  immediately  upon  the  vertebral  column,  which  on  accoimt 
of  the  weight  of  these  parts  requires  great  solidity. 
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In  fact  the  bodies  of  the  vertebrae,  the  intervertebral  fibro-cartilages 
and  the  various  ligaments  which  unite  them,  form  a  whole  of  great 
aolidity.  If,  again,  we  consider  that  the  vertebral  column  is  formed 
of  portions  of  erect  cylinders,  that  it  resembles  a  pyramid  whose 
base  rests  upon  the  sacrum;  that  it  presents  three  curves  in  opposite 
directions,  which  give  it  many  times  more  resistance  than  if  it  had  none, 
we  shall  have  an  idea  of  the  resistance  of  the  vertebral  column.  We 
also  see  it  support  not  only  the  weight  of  the  organs  which  gravitate 
upon  it,  but  even  frequently  very  heavy  loads.* 

The  weight  of  the  organs  supported  by  the  vertebral  column,  being 
felt  more  at  the  forepart,  muscles  placed  along  its  posterior  part  resist 
the  tendency  which  it  has  to  fall  forwards. 

The  vertebral  column  taken  altogether  represents  a  lever  of  the  third 
kind  whose  point  of  support  is  in  the  articulation  of  the  fifth  lumbar 
vertebra  with  the  sacrum,  its  power  is  on  the  parts  which  tend  to  draw 
the  column  forwards,  and  its  resistance  is  in  the  posterior  muscles.  It 
it  at  the  inferior  part  of  this  lever, — where  the  power  principally  acts, 
that  nature  has  placed  the  strongest  muscles,  that  the  pyramid  repre* 
aented  by  the  vertebral  column  has  the  greatest  thickness,  and  that  the 
vertebral  processes  are  more  marked  and  horizontal,— there,  lastly,  it  is, 
that  we  feel  fatigue  after  standing  a  long  time. 

The  weight  of  the  vertebral  column  and  of  the  parts  gravitating  upon 
it,  is  transmitted  directly  to  the  pelvis,  which,  resting  upon  the  thighs, 
represents  a  lever  of  the  first  kind,  whose  point  of  support  is  in  the 
femoral  articulations,  and  whose  power  and  resistance  lie  before  and 
behind.  The  pelvis  also  supports  the  weight  of  part  of  the  abdominal 
viscera. 

The  sacrum  supports  the  vertebral  column,  and,  acting  like  a  wedge, 
it  transmits  equally  to  the  two  thighs,  by  means  of  the  ossa  ilii,  me 
weight  with  which  it  is  loaded. 

The  muscles  which  run  from  the  thigh  to  the  posterior  part  of  the 
pelvis  prevent  the  latter  from  rising,  and  are  the  principal  agents  of  the 
equilibrium  of  the  pelvis  upon  the  thighs:  and  nature  has  hence  made 
them  very  numerous  and  strong. 

The  neck  of  the  thigh,  besides  its  use  in  motion,  is  of  utility  in  stand- 
ing, by  directing  the  head  of  the  thigh  obliquely  upwards  and  inwards; 
whence  it  supports  the  vertical  pressure  of  the  pelvis,  and  resists  the 
separation  of  the  ossa  ilii,  which  the  sacrum  has  a  tendency  to  produce. 

*  The  quantity  of  elastic  substance  (interyertebral  fibro-cartilagre)  interposed  between 
the  several  vertebrs,  is  not  so  great  as  to  occasion  any  insecurity  in  their  connection, 
yet  the  aggregate  elasticity  of  the  whole  renders  the  vertebral  column  very  springy; 
80  that  the  head  rides  upon  its  summit  undisturbed  by  jars,  and  as  upon  a  pliant  spring. 
The  central  inelastic  matter  admitting  of  a  ready  variation  of  form  thougli  not  of  bulk, 
serves  as  a  pivot,  facilitating  the  motion  of  the  vertebrae  on  one  another. 

In  the  Squalus  maximus  or  basking  shark  of  Pennant,  there  is  in  the  centre  of  the 
intervertebral  connection  a  bag  of  water,  and  so  great  is  the  elasticity  of  the  substance 
by  which  it  is  surrounded,  that  when  the  bag  was  cut  into  the  expansion  of  the  elastic 
natter  projected  the  fluid  to  the  height  of  four  feet  in  a  large  and  perpendicular  stream, 
compressing  the  bag  into  a  small  compass  and  forcing  its  sides  into  numerous  wrinkles. 
Mcmethy'*s  Lect.  111. 


MECHANISM  OV  LOCOMOTION.  683 

The  femur  transmits  the  weight  of  the  body  to  the  tibia;  but,  from 
the  mode  in  which  the  pelvis  presses  upon  it,  its  inferior  extremity  has 
a  tendency  to  be  carried  forwards,  while  the  upper,  on  the  contrary, 
inclines  backwards;  whence  it  follows,  that  to  maintain  it  in  equilibrium 
on  the  tibia,  powerful  muscles  are  required  which  may  oppose  this 
motion.  These  muscles  are  the  rectus  anterior  and  triceps  femoris, 
whose  action  is  favoured  by  the  presence  of  the  rotula  or  patella  placed 
behind  their  tendon.  The  muscles  of  the  posterior  part  of  the  leg, 
which  are  attached  to  the  condyles  of  the  thigh,  also  contribute  to 
maintain  this  equilibrium. 

The  tibia  transmits  the  weight  of  the  body  to  the  foot;  the  fibula  has 
no  share  in  this.  But,  for  the  former  bone  to  fulfil  this  office  properly, 
muscles  are  requisite  which  may  oppose  the  tendency  of  its  upper  ex* 
tremity  to  be  carried  forwards.  The  gemelli  and  soleus  chiefly  accom- 
plish this  end.  The  foot  supports  all  the  weight  of  the  body,  for  which 
It  is  well  calculated  by  its  form  and  structure;  its  sole  has  great  extent; 
its  skin  and  epidermis  are  very  thick.  Above  the  skin  is  a  fatty  layer, 
Tery  thick,  especially  in  those  parts  where  the  foot  presses  on  the 
ground.  This  fat  forms  a  kind  of  elastic  cushion,  calculated  to  weaken 
or  diminish  the  effects  of  pressure  from  the  weight  of  the  body. 

The  foot  does  not  touch  the  ground  to  its  whole  extent;  the  heel  is 
the  external  edge,  the  part  corresponding  to  the  anterior  extremity  of 
the  metatarsal  bones,  and  the  point  or  pulp  of  the  toes  are  the  points 
which  habitually  touch  the  ground  and  transmit  the  weight  of  the  body 
to  it. 

The  general  mode  of  transmission  is  as  follows: — the  tibia  transmits 
the  weight  of  the  body  to  the  astragalus,  and  this  to  the  other  bones, 
chiefly  the  os  calcis  and  the  os  scaphoides;  from  which  the  pressure  is 
transmitted  in  part  to  the  ground  through  the  os  calcis,  and  in  part  to 
the  OS  cuboides,  which,  with  the  scaphoides,  press  in  their  turn  by 
means  of  the  ossa  cuneiforma,  upon  the  metatarsal  bones:  these  resting 
upon  the  ground  transmit  to  it  nearly  the  whole  pressure  they  sustain: 
toe  surplus  is  distributed  to  the  toes,  and  at  length  likewise  terminates 
on  the  base  of  support.  As  the  pressure  of  the  tibia  is  felt  particularly 
at  the  inner  part  of  the  foot,  the  latter  has  a  constant  tendency  to  bs 
thrown  outwards,  which  is  prevented  by  the  fibula,  and  the  foot  ii 
thereby  kept  in  the  straight  position  requisite  for  firm  standing. 

The  space  between  the  feet  with  the  surface  which  they  cover  is  the 
base  of  support.  The  condition  of  equilibrium  for  standing  erect  is, 
that  the  vertical  line  drawn  from  the  centre  of  gravity  shall  fall  upon 
one  of  the  points  of  the  base  of  support.  Standing  will  be  so  much  the 
more  firm  as  this  base  is  broader,  and  is  more  firm  when  the  two  feet 
directed  a  little  outwards  and  placed  upon  parallel  lines,  are  separated 
by  a  space  equal  to  the  length  of  one  of  them. 


Mechaniam  of  locomotton.'^The  essential  Drinciple  of  locomotion  in  its  most  different 
forms,  swimmmff,  crawling,  walking,  or  flying,  and  in  almost  all  animals,  is,  that 
parts  of  their  body  form  arches,  which  in  straigbtening  themselves  act  against  a  fixed 
point  of  resistance.  In  some  cases  the  arches  are  formed  by  the  whole  worm-like 
Dody,  as  in  the  crawling  and  swimming  of  some  animals;  in  other  instances,  in  place 
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of  the  archingr  and  straighteDing  of  the  body,  the  same  is  effected  by  the  approxtmatioB 
and  separation  of  the  two  sides  of  an  angle;  in  which  case  one  of  the  sides  or  branches 
of  the  angle,  by  the  resistance  it  meets  with  from  a  solid  or  fluid  substance,  affords 
the  fixed  point  which  enables  the  separation  of  the  two  branches  or  opening  of  ths 
•Dgle  to  carry  the  other  parts  of  the  animal  forwards.  This  is  the  principle  of  mo?^ 
ment  in  animals  with  locomotiTe  members^  whether  these  be  fins,  wings,  or  legs,  and 
whether  they  moTe  in  water,  in  the  air,  or  on  the  ground:  for  cTen  the  air  uid  ths 
water  afford  resistance  to  bodies  which  strive  to  displace  them;  and  the  force  ezertsd 
in  displacing  them  reacts,  in  proportion  to  the  resistance  they  give,  on  the  body  of  ths 
SDimal,  and  imparts  to  it  a  motor  impulse  in  a  determinate  direction.  In  connectioo 
with  this  subject,  the  laws  of  the  action  of  levers  must  necessarily  be  considered* 
Although  many  rarieties  of  the  lever  are  met  with  in  the  limbs  of  animals,  yet  thej 
are  for  the  most  part  so  applied  that  power  is  lost;  thus  the  muscles  in  many,  indeed 
in  most  cases,  act  on  them  in  an  oblique  direction,  and  are  besides  inserted  very  frs- 
qaently  near  the  fulcrum  and  distant  from  the  moving  end  of  the  lever.  There  are 
more  important  objects  thus  attained  than  mere  beauty  of  form.  Had  nature  in  every 
limb  adopted  the  arrangement  of  lever  calculated  to  give  the  most  power,  such  a  com* 
plesnty,  angularity,  and  awkwardness  of  form  would  have  resulted,  that  the  increase 
of  impediments  to  a  harmonions  co-operation  of  parts  would  have  caused  the  ezpeadi- 
tnre  of  force  to  be  in  the  end  even  greater  than  it  now  is.  Eatent  of  motion  also  re- 
quired that  the  muscles  should  not  be  inserted  far  from  the  fulcrum  of  the  leven  for 
had  their  insertion  been  placed  nearer  the  moving  extremity  of  the  lever,  power  would, 
it  is  true,  have  been  saved;  but,  on  account  of  the  slight  degree  of  shortening  of  whieh 
mascles  are  capable,  (according  to  M.  Schwann's  experiments,  at  most  a  third  of  their 
length,)  extent  of  motion  would  have  been  lost,— tho  biceps,  for  example*  would  not 
have  been  able  to  bring  the  fore-arm  close  to  the  arm,  which  it  can  do  in  consequence 
of  being  inserted  near  the  fulcrum.    Velocity  of  motion,  also,  as  well  as  extent,  is 

E lined  by  this  mode  of  insertion  of  muscles,  for  in  the  same  time  that  the  part  of  the 
ver  immediately  acted  on  passes  through  a  small  space,  the  other  end,  far  removed 
iirom  the  fulcrum  and  moving  force,  traverses  a  much  greater  space,  and  moves  with 
proportionate  rapidity.* 

motmniin^.— In  swimming,  the  essential  act  consists  in  the  straightening  of  an 
sreh  which  in  becoming  straight  exerts  pressure  on  the  water.  If  we  suppose  a  flexi- 
ble and  elastic  rod  of  the  same  size  throughout  lying  in  the  water  to  become  bent  is 
the  middle,  and  then  straiprhtened,  the  two  halves  of  the  arch  would  ^triite  the  water 
in  the  oblique  direction  with  equal  force,  and  the  straightened  rod  would  not  be  im* 
pelled  forwards  in  the  longitudinal  direction.  The  result  is  the  same  when  two  levers 
of  equal  size  united  by  a  hinge  are  inclined  towards  each  other  and  then  extended, 
the  mass  of  the  two  levers  being  the  same;  the  power  at  their  middle,  which  effects 
their  approximation,  will  move  each  with  equal  force  towards  the  other,  and  a  foree 
acting  at  the  same  part  in  such  a  manner  as  to  extend  the  joint  will  move  them  with 
equal  force  from  each  other.  But  if  the  principal  mass  of  the  body  form  one  of  the 
levers,  the  force  acting  at  the  point  of  flexion  will  tend  rather  to  move  the  smaller 
lever  towards  the  larger  one  than  this  towards  the  smaller.  While  the  larger  lever 
will  preserve  its  position  in  the  water,  the  smaller  one,  both  in  flexion  and  extension, 
will  alter  its  relative  position  to  the  larger  mass. 

Walking  and  running, — In  swimming,  the  body  is  borne  up  wholly  or  in  part  by  the 
water,  and  its  motor  power  is  nearly  entirely  expended  in  the  act  of  propulsion.  In 
flying,  the  body  is  not  supported  by  the  medium  in  which  it  moves,  and  a  certain 
additional  amount  of  force  is  required  to  neutralise  the  tendency  to  fall  after  each  act 
of  propulsion.  In  walking,  the  body  is  both  supported  and  moved  forwards  by  its 
own  strength;  and  there  is  this  peculiarity,  that  the  hody  in  this  movement  is  altera 
nately  supported  on  each  extremity  which  is  fixed  on  the  ground,  while  by  the  other 
it  is  propelled  forwards.  One  half  of  this  movement  is  represented  in  a  boat  moved 
on  the  water  by  a  pole  pushed  against  the  bottom;  but  what  the  water  effects  in  sup- 
porting the  boat  is  done  by  the  other  extremity  in  the  act  of  walking  in  the  air.     In 

*  On  the  movements  of  locomotion,  consult  Borclli,  de  motu  Animalinm.  Lugd.  Batav. 
1685.  4. — Barthcz,  Ncuc  MecUanik  dcr  willkQhrlichcn  Bowcgungen  dos  Menschen  ond  der 
Thiere.     Hulle,  1800,  8. 
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leaping;,  in  which  the  body  for  a  short  space  of  time  is  kept  suspended  in  the  air  by 
the  propulsive  force  imparted  to  it,  the  second  act  of  the  movement^that  of  support 
ing  the  weight  of  the  body— does  not  take  place  till  the  spring  is  completed.  In  this 
ease,  as  in  flying,  the  body  is  kept  up  by  the  same  movement  that  propels  it  forwaitls; 
the  medium  serving  for  the  point  of  resistance  is,  however,  different,  namely  a  solid 
body.  After  the  influence  of  one  movement  of  the  wings  in  flying  has  ceased,  the 
bird  is  prevented  from  falling  by  a  new  movement  of  propulsion;  at  the  end  of  the 
movement  of  leaping,  the  body  is  prevented  from  falling  by  supporting  itself  on  m 
Bolid  surface. 

The  means  by  which  these  morements  are  performed  in  the  human  subject,  is  the 
extension  of  two  joints  flexed  in  opposite  directions,  namely,  the  ankle  and  knee- 
joints.  By  this  act  of  one  extremity  the  centre  of  gravity  is  carried  forwards,  while 
the  weight  of  the  body  is  supported  towards  the  end  of  the  movement  by  the  second 
extremity.  The  two  extremities  alternately  support  and  move  the  body.  The  move- 
ment of  propulsion  being  exerted,  not  in  the  middle  line,  but  by  both  extremities  M 
the  side,  the  extension  of  the  joints  gives  an  impulse  not  merely  forwards,  but  towards 
the  opposite  side.  The  arm  of  the  side  on  which  the  extremity  is  being  extended  it 
each  time  thrown  forwards. 

The  researches  of  Dr.  Edward  Weber  concerning  the  articulations,  {Mulkr*B  Arehivm 
1836,  p.  54,)  and  those  of  MM.  £.  and  W.  Weber  respecting  the  movements  of  walk- 
ing and  running,  have  made  us  acquainted  with  many  remarkable  facts  of  a  physical 
nature  relating  to  these  movements  of  locomotion,  and  with  their  laws.  The  physio- 
logy of  these  movements  has  first  received  a  scientific  accuracy  from  their  discoveries. 
The  most  important  facts  which  they  have  established  are  the  following,  which  I  extract 
from  their  work.*  In  the  first  place,  and  as  a  key  to  many  other  remarkable  facts, 
we  most  mention  the  discovery  of  Dr.  Edward  Weber,  that  the  head  of  the  thigh*bone 
cannot  be  separated  by  the  mere  weight  of  the  limb  from  the  surface  of  the  articular 
cavity  to  which  it  is  accurately  adapted;  but  that,  in  all  its  motions,  it  is  retained 
close  to  the  articular  surface  by  the  pressure  of  the  atmosphere. 

In  ascending  rery  high  mountains,  where  the  air  is  greatly  rarefied,  the  muscular 
force  must  on  that  account  become  more  necessary  to  maintain  the  articular  heads  of 
bones  in  their  proper  cavities,  and  the  peculiar  kind  of  fatigue  which  has  been  experi- 
enced bypersons  passing  over  high  mountains  is  probably  attributable  to  this  cause. 

MM.  Ef.  and  W.  Weber  have  further  pointed  out  the  importance  of  the  pendulum- 
like oscillations  of  the  legs  in  walking.  If  the  body  be  supported  on  one  leg  upon  a 
raised  pediment,  the  other  leg,  being  set  in  motion,  will  Tibmte  backwards  and  for- 
wards like  a  pendulum.  These  vibrations  may  also  be  produced,  if,  while  standing 
with  one  leg  upon  a  level  surface,  the  other  leg  be  bent  to  such  a  degree  as  not  to 
strike  the  ground  in  its  vibrations.  The  time  of  these  vibrations,  like  that  of  the 
▼ibrations  of  a  pendulum,  depends  on  the  length  of  the  limb  and  on  the  mode  of  dis- 
tribution of  its  weight. 

The  general  mechanism  of  walking  is  as  follows: — ^The  body  is  snpported  by  the 
two  legs  alternately,  and  the  moment  in  which  each  forms  the  support  is  immediately 
Boeceeded  by  that  in  which  the  heel  of  the  same  limb  is  elevated  and  the  body  im- 
pelled forward  by  it.  At  the  time  that  the  foot  A  gives  this  movement  of  impulsion, 
the  body  is  snpported  by  the  leg  6,  which,  however,  during  the  movement  of  the  body 
forwards  in  an  oblique  direction,  and  while  the  leg  A  makes  the  pendulum-like  move- 
ment forwards  for  the  new  step,  proceeds  to  elongate  itself  by  raising  the  sole  of  the 
foot  from  the  ground,  in  order  to  give  the  body  a  fresh  impulse.  The  extremity  A 
now  becomes  the  support  for  the  body.  The  MM.  Weber  compare  the  gradual  raising 
of  the  soles  of  the  feet  from  the  ground  to  a  wheel  rolling  along  the  surface.  By  this 
movement  the  step  is  lengthened  by  the  whole  length  of  the  foot.  In  every  step  we 
may  distinguish  two  periods;  one  in  which  the  body  is  supported  by  one  leg  only, 
and  a  shorter  period  in  which  both  legs  rest  on  the  ground.  It  is  only  in  very  quick 
walking,  which  nearly  amounts  to  running,  that  the  feet  only  touch  the  ground  alter- 
nately, one  ceasing  to  support  the  body  wnen  the  other  begins  to  receive  its  weight. 
In  ordinary  walking  there  is  between  the  periods  in  which  the  body  rests  on  one  leg 
only,  a  state  of  transition,  which  lasts  from  the  moment  when  the  front  foot  is  put  to 
the  ground,  and  that  at  which  the  hind  foot  it  quite  raised  from  it.    According  to  the 
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MM.  Weber,  this  period  is  in  Blow  walking  about  half  as  long  as  that  during  which, 
the  body  rests  on  one  leg.    The  (^nicker  the  walk,  the  shorter  is  this  period. 

The  trunk  is  inclined  forwards  m  walking.  This  position  is  necessary  for  walking 
easily;  it  is  impossible  to  move  forwards  a  rod  balanced  perpendicularly  on  the  fingers, 
without  its  falling.  To  walk  with  the  body  perpendicular,  it  would  be  necessary  to 
exert  a  constant  muscular  effort  to  restore  the  balance  disturbed  by  the  resistance  of 
the  atmosphere.  In  ({uick  walking  the  trunk  is  more  inclined  forwards,  while  there 
is  only  a  very  short,  if  any  period,  at  which  both  feet  rest  simultaneously  upon  tho 
ground;  and  the  steps  are  both  longer  and  quicker.  The  condition  on  which  all  these 
circumstances  in  quick  walking  depend  is,  as  MM.  Weber  show,  the  less  height  at 
which  the  two  heads  of  the  thigh-bones  are  moved  above  the  surface  of  the  groond* 
When  the  level  at  which  the  hip-joints  are  carried  is  low,  the  steps  are  longer,  because 
^e  leg  with  which  the  step  is  to  be  made  can  be  moved  farther  from  the  vertical  posi- 
tion  when  its  upper  extremity  is  low  than  when  it  is  high.    The  step,  moreover,  is 

3iuicker  under  these  circumstances;  for,  the  lower  the  level  at  which  the  head  of  the 
emur  is  carried  in  walking,  the  greater  is  the  inclination  of  the  leg  which  gives  the 
impulse  to  the  body,  and  hence  the  greater  also  is  the  force  and  velocity  of  the  move- 
ment it  imparts.  With  regard  to  the  number  of  steps  made  in  a  given  time,  this 
depends  partly  on  the  length  of  the  leg  which  swings  from  behind  forwards,  and  partly 
on  the  time  at  which  this  motion  of  the  limb  is  interrupted  by  the  foot  being  pat  to  the 
ground.  The  longer  the  leg,  the  slower  are  its  oscillations,— that  is,  if  the  movement 
of  the  limb  be  not  accelerated  by  muscular  effort.  Hence,  abstraction  bein?  made  of 
this  power  of  voluntarily  accelerating  the  movement,  there  is  in  every  individoal  a 
certain  maximum  of  the  number  of  the  steps  taken  in  a  given  time,  which  cannot  with 
ease  be  exceeded.  This  maximum  rate  of  walking  without  great  effort  is  attained 
when  the  limb  moving  from  behind  forwards  is  brought  to  the  ground,  after  it  has 
already  passed  through  half  the  extent  of  its  natural  oscillation.  But  the  succession 
of  the  steps  can  be  rendered  slower  by  allowing  the  leg  to  pass  through  more  than 
half  its  arc  of  oscillation  before  putting  it  to  the  ground. 

It  necessarily  follows,  from  the  nature  of  the  movements  of  walking,  that  the  body 
must,  at  each  impulse  forwards,  rise  somewhat  and  then  sink  again.  These  vertical 
undulations  are,  however,  on  account  of  the  legs  being  capable  of  elongation  and 
shortening,  very  slight,  amounting,  according  to  MM.  Weber,  to  only  33  millimetres 
(about  1  uch  3^  lines).  The  movement  of  the  arms  backwards  and  forwards  always 
takes  place  in  the  opposite  direction  to  that  of  the  leg  of  the  same  side.  The  leg,  by  act- 
ing against  the  ground  so  as  to  propel  the  body  forwards,  gives  an  impulse  to  the  whole 
trunk,  which  might  be  expected  to  cause  the  opposite  leg  and  both  arms  to  fall  for- 
wards. But  while  the  leg  of  the  opposite  side,  and  the  arm  on  the  same  side  with 
the  limb  which  gives  the  impulse,  move  forward,  the  other  arm  is  thrown  backwards* 
This  order  of  the  movements  of  the  limbs,  which  is  maintained  so  habitually  that  it  is 
practised  without  our  consciousness,  contributes  not  a  little  to  the  preservation  of  the 
good  carriage  and  equillibrium  of  the  body.  On  each  side,  namely,  one  limb  is  thrown 
forward  at  the  same  time;  on  one  side  an  arm,  and  on  the  other  a  leg;  and  in  this  way 
the  defects  of  movement  in  the  trunk  which  might  be  produced  by  the  swinging  of  the 
legfrom  behind  forward  are  corrected. 

The  circumstance  characteristic  of  running  is,  that  only  one  leg  comes  to  the  ground 
at  a  time,  while  in  walking  there  is  a  period  at  which  both  feet  rest  on  the  ground. 
In  quick  running,  indeed,  the  body  is  at  one  moment  of  each  act  supported  by  neither 
leg,  but  is  moved  through  the  air  for  a  short  space  of  time  by  the  impulse  communi- 
cated to  it. 

Leaping.  {THedemann^a  ZtiUchrifi  fur  Phynol,  t.  iv.  pt.  i.  p.  87.) — ^The  peculiarity 
of  the  movement  of  leaping  consists  in  the  body  being  raised  completely  from  the 
ground  for  a  longer  period  than  in  the  other  movements  of  locomotion.  When  the 
spring  or  leap  is  carried  to  the  utmost,  it  is  effected  by  the  sudden  extension  of  three 
joints,  the  hip,  knee,  and  ankle  joints,  previously  flexed  in  opposite  directions.  The 
foot,  before  the  leap,  may  be  applied  to  the  ground  by  the  entire  sole,  or  only  by  the 
toes;  in  the  former  case,  the  foot  is  gradually  raised  from  the  ground,  from  the  heel 
towards  the  toes,  during  the  movement;  if  the  toes  only  touch  the  ground,  and  the 
ankle  therefore  be  already  in  a  state  of  extension,  this  joint  is  still  more  strongly  ex* 
tended.  The  body  is  always  inclined  forwards  towards  the  thighs.  When,  in  a  leap 
made  with  sufficient  force  to  raise  the  body  to  a  considerable  height  from  the  ground^ 
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the  three  joints  of  the  lower  extremities  sre  extended,  if  no  resistance  were  opposed 
to  it,  the  length  of  the  hody  would  merely  be  simultaneously  increased  at  each  extre- 
mity; but  the  resistance  onered  by  the  ^ound  causes  the  impulse  to  be  imparted  to 
the  centre  of  ^Tity  of  the  body,  which  is  thus  propelled,  in  the  manner  of  a  projec- 
tile, in  the  mean  direction  of  the  joints  which  are  thus  extended.  The  direction  which 
the  body  takes  in  leaping  does  not  depend  on  the  inclination  of  one  portion  of  the  ex- 
tremities only;  for  instance,  it  is  not  necessary  for  springing  in  the  perpendicular  di- 
rection that  the  leg  should  be  nearly  perpendicular  to  the  floor,  as  Treviranus  and 
others  hsTe  asserted.  Whatever  inclination  the  leg  may  have  with  reference  to  the 
floor,  the  leap  can  nevertheless  be  made  either  forwards  or  backwards.  The  condi- 
tions which  essentially  facilitate  the  spring  backwards  are  more  evident  when  this 
movement  is  made  in  the  most  simple  manner.  Thus,  the  leap  backwards  may  be 
made  quite  independently  of  any  action  of  the  ankle-joint,  if,  wnile  standing  on  the 
edge  of  the  heels  of  the  shoes,  the  knee  previously  bent  be  forcibly  extended  without 
any  perceptible  movement  of  the  hip-joint.  In  this  case  the  bod^  receives  an  impulse 
In  the  direction  of  a  line  drawn  between  the  heel  and  the  hip-jomt;  and,  inasmuch  as 
this  line  passes  behind  a  perpendicular  line  falling  from  the  centre  of  gravity  to  the 
heels  before  the  movement  was  made,  the  motion  given  to  the  body  is  obliquely  up- 
wards and  backwards. 

The  more  minute  details  of  the  modifications  which  the  extremities  of  vertebrate 
animals  present  in  accordance  with  their  destined  use  in  flight,  swimming,  prehension, 
climbing,  and  burrowing,  is  the  province  of  comparative  anatomy.  How  diflerent  are 
the  hand  of  the  ray  and  that  of  the  horse!  in  the  lormer  the  fingers  and  their  phalanges 
which  compose  the  fin,  are  in  extraordinary  number,  while  the  arm  and  forearm  are 
wanting;  in  the  fish-like  mammalia,  the  cetacea,  we  again  find  an  excessive  number 
of  phalanges,  but  a  short  arm  and  fore-arm  are  present;  the  solidunsula,  as  the  horse* 
present  the  other  extreme, — the  hand  and  foot  are  reduced  to  a  single  fimger  and  toe.* 


SECTION  IIL 
OF  VOICE  AND  SPEECH. 

CHAPTER  I. 

I.  Of  the  general  conditions  for  the  production  of  sound. 

The  sounds  of  tlie  voice  and  speech  are  not,  it  is  tniCy  the  immediate 
result  of  muscular  action,  but  of  the  vibrations  of  a  peculiar  apparatus 
Mrhich  may  be  compared  to  a  musical  instrument:  but  as  the  tension  of 
the  instrument  necessary  for  the  production  of  sound,  and  the  height 
and  succession  of  the  tones,  are  determined  by  the  contraction  of  mus- 
cles, the  physiology  of  the  voice  and  speech  will  be  properly  considered 
in  this  place.  Before,  however,  entering  on  the  consideration  of  the 
human  voice  itself,  we  must  become  acquainted  with  the  general  con- 
ditioos  on  which  the  production  of  sound  depends. 

A  sodden  mechanical  impulse  upon  the  organ  of  hearing  gives  rise  to  the  sensation 
of  sound,  which  resembles  a  report  if  the  impulse  be  violent,  or  is  less  intense  if  the 
impression  be  more  feeble.  The  rapid  escape  of  compressed  air,  or  the  rapid  entrance 
of  air  into  an  imperfect  vacuum,  produces  the  sensation  of  sound,  if  the  concussion  of 
the  air  be  communicated  to  the  orgpm  of  hearing.  But  to  produce  sounds  of  uniform 
character  which  may  be  compared  with  each  other,  it  is  necessary  that  the  impulse 

*  On  the  adaptation  of  the  hand  to  its  naes  in  the  different  orders  of  animals,  consult  Sir  C. 
Bell*8  Bridgewater  Treatise  on  the  Hand.    London  and  Philadelphia. 
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commanicated  to  the  ear  should  be  of  a  parttcnlar  kind,  namelyt  a  freqnent  repetitioii 
of  the  same  impulse.  The  difference  of  sounds  as  to  pitch  or  sharpness  depends  on 
the  number  of  these  impulses  which  occur  during  a  certain  time.  The  cause  of  the 
sensation  of  sound,  in  most  cases,  is  the  communication  of  the  vibrations  of  sonorons 
bodies  to  the  interior  of  the  org^an  of  hearing  and  the  auditory  nerve.  The  facts,  that 
sonorous  bodies  have  elasticity  either  from  their  attraction  of  cohesion,  as  the  solid 
sonorous  bodies,— or  from  their  tendency  to  expansion,  as  the  gases, — or  from  tensioot 
as  the  sonorous  cords, — and  that  all  these  bodies  vibrate  while  in  the  act  of  emitttingf 
sonnd,  naturally  lead  to  the  supposition  that  the  vibrations  alone  are  the  essential  caase 
of  the  sound.  It  would,  however,  bo  very  incorrect  to  imagine  that  the  osciUatin^ 
motion  or  vibration  imparted  to  the  auditory  nerve  is  essential  for  the  production  of  the 
sensation  of  sound.  On  the  contrary,  it  appears  that  the  immediate  cause  of  the  sen- 
sation of  sonnd,  even  when  this  is  excited  by  the  vibrations  of  sonorous  bodies,  is  reallr 
the  regular  succession  p(  impulses  which  the  auditory  nerve  receives.  This  is  proved 
by  the  investigation  of  those  sounds  which  are  prodfuced,  not  by  the  vibrations  of  an 
elastic  body,  but  by  a  series  of  mere  impulses  (juickly  succeeding  each  other.  If  a 
piece  of  wood  be  held  against  the  teeth  of  a  rapidly  revolving  wheel,  every  stroke  of 
the  teeth  of  the  wheel  will  be  communicated  as  an  impulse  to  the  ear,  and  produce  the 
sensation  of  sound.  If,  however,  the  wheel  be  now  made  to  revolve  more  rapidly,  so 
that  the  separate  strokes  on  the  wheel  cannot  be  distinguished,  in  place  of  a  succession 
of  shocks,  a  continuous  sonnd  will  be  perceived;  the  pitch  of  which  will  be  higher  as 
the  rapidity  of  the  wheel*s  motion  is  increased.  Still  greater  interest,  in  reference  to 
the  theory  of  the  essential  cause  of  sound  being  a  quick  succession  of  impulses,  at- 
taches to  the  tones  which  may  be  produced  by  a  current  of  a  gas,  or  liquid,  such  as 
water  or  quicksilver,  interrupted  at  regular  and  very  short  intervals,  particularly  since 
liquids  are  not  elastic,  and  therefore  not  capable  of  producing  sound  by  vibration. 
Thus,  in  the  siren,  an  instrument  invented  by  M.  Cagniard  la  Tour,  a  rapidly  revolv- 
ing wheel  interrupts  momentarily,  and  at  successive  intervals  of  very  short  duration, 
the  escape  of  a  fluid  from  the  opening  in  the  body  of  the  instrument.  Even  when  the 
revolving  wheel  is  under  water,  and  interrupts  at  regular  and  frequent  intervals  the 
current  of  water  supplied  by  pressure  from  below,  the  impulses  produced  by  the  pe- 
riodic escape  of  the  fluid,  if  they  follow  each  other  in  sufficiently  rapid  succession, 
give  rise  to  a  clear  sound,  of  which  the  pitch  is  higher  in  proportion  to  the  rapidity  of 
the  succession  of  the  impulses,  or  moments  of  interruption  of  the  current. 

II.  0/  the  voicCy  of  the  organ  of  voice^  and  other  means  for  the  pro^ 

duction  of  sound  in  man  and  animals. 

The  preceding  and  other  analogous  facts  afford  us  data  for  correctly 
estimating  the  means  which  contribute  to  the  production  of  voice 
and  other  sounds  in  man  and  animals.  We  have  three  principal 
classes  of  musical  sounds  to  consider;  1,  the  voice  of  man  and  quadru- 
peds; 2,  sounds  formed  in  the  mouth;  3,  the  voice  of  birds.  These 
three  classes  of  sound  are  produced  by  dilferent  instruments  and  in  dif- 
ferent parts.  The  different  sounds  of  the  voice  in  man  and  mammalia 
are  generated  in  the  larynx,  and  are  somewhat  modified  in  quality  by 
the  parts  in  front  of  the  larynx,  through  which  the  air  passes.  In 
whistling,  we  give  rise  to  an  entirely  diflerent  series  of  sounds,  which 
have  their  source  in  tlie  lips  and  cavity  of  the  mouth.  The  voice  of 
birds  again  has  another  seat;  it  is  produced  not  in  the  superior,  but  in 
the  inferior  larynx,  which  occupies  the  lower  extremity  of  the  trachea 
at  its  point  of  division  into  the  bronchi.  In  the  few  other  vertebrata 
below  birds  which  have  a  voice,  as  the  frogs  and  toads,  the  sound  is 
generated  in  the  proper  larynx,  as  in  man  and  mammalia.  Besides  the 
organs  of  voice  which  prevail  extensively  through  entire  classes  of  ani- 
mals^ there  are  other  special  instruments  of  sound  in  some  animals,  even 
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among  the  lower  classes;  the  examination  of  these,  however,  would 
lead  us  too  far  from  our  proper  object.* 

I,  Of  the  Human  Voice* 

A.  Of  ike  human  organ  cf  vaiu, — If  any  qaestion  relatinfjr  to  the  hrnnan  voice  hare 
been  detemined  with  certainMr*  it  is  that  reffarding  the  part  of  the  air-pasaages  in 
which  the  Toice  is  formed.  Obsenratiooa  on  living  aabjecte,  as  well  as  experiments 
OB  the  larynx  taken  from  the  dead  body,  prove  that  the  soond  of  the  voice  ib  generated 
at  the  glottis,  and  neither  above  nor  below  this  point.  If  an  opening  exists  in  the 
trachea  in  the  human  subject,  or  if  an  opening  is  made  in  this  situation  in  an  animal, 
the  sound  of  the  voice  ceases,  but  returns  on  the  opening  being  closed.  This  experi- 
ment has  been  often  made,  and  its  accuracy  is  beyond  a  doubt.  An  opening  into  the 
alT'passages  above  the  glottis,  on  the  contrary,  does  not  prevent  the  voice  being 
formed*  M.  Magendie,  moreover,  has  convinced  himself  that  the  voice  is  not  lost, 
tboogh  the  epiglottis,  the  superior  ligaments  of  the  larynx,  and  tiie  upper  part  of  the 
axytenoid  cartilages  be  injured.  He  has  also  seen  in  living  animals,  wliose  glottis  be 
had  laid  bare,  that  during  the  emission  of  sound  the  inferior  ligaments  of  the  larynx, 
which  bound  the  fissure  of  the  glottis,  were  thrown  into  vibration*  We  know  also 
that  injury  of  the  laryngeal  nerves  supplying  the  small  muscles,  which  alter  the  states 
of  the  aperture  of  the  glottis  and  make  tense  the  vocal  cords,  puts  an  end  to  the  format 
tion  of  vooal  sounds;  and  that,  when  these  nerves  are  divided  on  both  sides,  the  loss 
of  voice  is  complete*  Again,  if.  we  attempt  to  produce  sounds  by  forcing  a  cur- 
mit  of  air  from  the  trachea  through  the  larynx  in  the  dead  human  subject,— -an 
experiment  in  which  a  person  the  most  unpractised  may  succeed,  provided  the 
Yooal  eords  be  in  some  degree  tense  and  the  aperture  of  the  glottis  narrowed, — we 
shall  find  that  the  sounds  are  produced,  whether  the  part  of  the  trachea  which  serves 
to  oonvey  the  current  of  air  to  the  larynx  be  long  or  short;  and  even  though  it  be  en* 
tirsly  wanting,  and  the  air  be  forced  immediately  through  the  glottis  from  the  lower 
extremity  of  the  larynx.  Again,  a  larynx  thus  cut  from  the  body  may  be  freed  from 
all  the  parts  lying  in  front  of  the  glottis:  the  epiglottis,  the  upper  ligaments  of  the 
larynx,  the  ventricles  of  the  larynx  between  the  superior  and  inferior,  or  vocal  liga- 
ments, the  greater  part  of  the  arytenoid  cartilages,  namely,  their  upper  part,  may  be 
all  removed;  and  it  the  inferior  ligaments  or  vocal  cords  only  remain,  and  be  approxi- 
mated so  that  the  fissure  of  the  glottis  be  narrow,  clear  tones  will  be  produced  by 
forcing  air  through  it  from  the  trachea.  All  these  facts  establish  the  correctness  of 
the  view  which  regards  the  glottis  and  the  inferior  laryngeal  ligaments  or  vooal  cords 
which  form  the  immediate  boundaries  of  the  glottis  as  the  essential  source  of  the 
Yoiee;  the  trachea  as  the  *'  wind*che8t"f  of  the  wind  instrument;  and  the  vocal  tube 
ia  front  of  the  glottis,  comprehending  the  upper  part  of  the  cavity  of  the  larynx, 
and  the  air-passages  thence  upwards  to  the  openings  of  the  month  and  nostrils,  as 
the  tube  ot  a  musical  instrument  by  which  the  sound  may  be  modified,  but  not 
generated. 

The  parts  forming  the  boundaries  of  the  glottis,  namely,  the  vocal  cords,  first  claim 
o«r  attention.    They  are  elastic,  and  can  be  made  tense  by  the  depression  of  the  thy* 

*  The  authors  who  have  written  concerning  the  human  voice  are:  Dodart.  Mem* 

de  I'Acad.  de  Paris,  1703,  1706, 1707.— Ferrein,  ibid.  1741 Magendie,  Precis  ^Ib- 

ment.  de  Physiol. — Physiology  translated  by  Milligan. — Biot,  Precis  Element  de 
Physique  experiment,  Paris,  1834,  t.  i.  p.  457.— Fechner,  in  his  translation  of  Biot's 
Expenmentai-physik.  ii.  p.  149. — Savart,  in  Magendie's  Joum.  de  Physiol,  v. — Lis- 
covius,  Theorie  der  8timme.  Leipz.  1914. — Chladni,  in  Gilbert's  Ann.  Ixxvi.  p.  187. 
—Mayer,  in  Meckel's  Arehiv.  1836. — Bennati,  Recherches  sur  le  Mechanisme  de  la 
Voix  Humaine,  Paris,  1832. — Muncke,  in  Gehler's  Physik.  Worterbuch,  viii.  373. — 
Mayo,  Outlines  of  Human  Physiology — Sir  C.  Bell,  Philos.  Transact  193iS,  pt.  ii.-« 
Malgaigne,  Arch.  Gen.  de  M§d.  25. — Willis,  Transact,  of  Philos.  Soc.  of  Cambridge, 
1833.--Dishop,  in  Lond.  and  Edinb.  Philos.  Magaz.  1836. — Lehfeldt,  Diss,  de  Vocis 
Formatione,  Berol.  1835.  On  the  voice  of  birds,  see  Cuvier,  Anat.  Gomparee;  and 
Bivirt.  Froriep's  Not.  331,  339.  The  American  reader  is  referred  more  especially  to 
the  valuable  work  of  Dr.  James  Rush,  entitled  Physiology  of  the  Human  Voice- 
Philadelphia,  Sd  edition. 

t  **  Wind^csts"  are  the  reservoirs  of  air  in  t^e  organ,  whence  the  wind  is  distributed  to 
the  pipes,  when  the  keys  or  pedals  are  pressed  down. 
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void  eartilage  towards  the  orieoid  eartilage«  b]r  means  of  the  crieo-thyroid  moscles,  mt 
well  as  by  the  retraction  of  the  arytenoid  cartilages,  which  are  moTed  backwards  by 
the  posterior  crico-arytenoid  mnscles,  at  the  same  time  that  they  are  approximated  to 
each  other  by  the  musouli  arytenoidei.  The  effect  of  these  movements  of  the  thyroid 
and  arytenoid  cartilages  is,  as  we  have  said,  to  make  tense  the  vocal  cords,  either  by 
Ihe  depression  of  the  thyroid  cartilage,  the  arytenoid  cartilages  bavinff  been  previoosly 
fixed  by  their  muscles,  or  by  the  retraction  of  thdatter,  after  a  fixed  point  baa  been 
obtained  by  the  movement  of  the  former.  The  length  of  the  fissure  of  the  glottis 
depends  on  the  degree  to  which  the  cords  are  thus  stretched.  The  aperture  of  the 
glottis  is  narrowed  by  the  approximation  of  the  arytenoid  cartilages,  which  is 
effected  b^  the  muscufi  arytenoidei;  it  is  dilated  by  means  of  the  museuli  crieo* 
arytenoidei  postici,  which  draw  the  arytenoid  cartilages  asunder.  The  voeal  oorda* 
by  virtue  of  their  elasticity,  are  capable  of  being  thrown  into  regular  vibrations,  aflec 
the  manner  of  membranes  extended  longitudinally  from  two  extremities.  Their  elas- 
ticity is  due  to  the  elastic  tissue  which  composes  them,  and  which  is  also  found  in 
many  other  parts  of  the  body  (see  page  S06). 

The  vocal  cords  are  not,  however,  the  only  parts  of  the  larynx  composed  of  elastio 
titsue.  The  ligamentum  hyo-thyroideum  and  the  ligamentum  crico-thyroideam 
medium  have  been  long  known  as  yellow  elastic  ligaments.  The  last-named  ligament 
most  by  its  elasticity,  and  quite  independently  of  any  action  of  the  crico-thyrold 
mosde,  keep  the  corresponding  borders  of  the  cricoid  and  thyroid  cartilages  approxi- 
mated to  each  other;  and  will  therefore  offer  some  resistance  to  the  movement  of  the 
arytenoid  cartilages  backwards  in  the  act  of  producing  tension  of  the  vocal  cords,  a 
certain  degree  of  which  will  be  produced  by  the  elasticity  of  this  ligament  alone  when 
the  arytenoid  cartilages  are  fixed  by  their  muscles.  A  much  wider  distribution  still 
of  the  elastic  tissue  in  the  larynx  has  been  pointed  out  by  M.  Lauth.*  The  principal 
portion  of  the  elastic  tissue  arises,  according  to  M.  Lauth,  from  the  lower  half  of  the 
angle  of  the  thyroid  cartilaffe  between  the  insertions  of  the  thyro-arytenoidei  mnsclea* 
Thence  the  fibres  radiate  downwards,  obliquely  backwards,  and  even  somewhat  np- 
wards,  forming  a  continuous  membrane,  which  is  attached  to  the  entire  upper  border 
of  the  cricoid  cartilage,  except  at  the  situation  of  the  arytenoid  cartilages,  where  the 
fibres  become  connected  with  the  anterior  ansle  of  the  basis  of  those  cartilages  and 
with  their  anterior  border.  This  radiating  elastic  membrane  has  three  accessory  Cm- 
oiculi;  one,  which  passes  downwards,  is  the  crico-thyroid  ligament;  the  other  two  are 
the  inferior  thyro-arytenoid  ligaments,  or  vocal  cords.  This  elastic  membrane  forms 
also  the  superior  ligaments  ofthe  glottis,  which  are  connected  with  the  inferior  ortme 
▼ocal  cords  by  an  extremely  thin  expansion  of  elastic  tissue  covering  the  ventricle  of 
the  larynx.  The  hyo-thyroid  ligament  also  is  elastic;  and  the  same  tissue  exists  like- 
wise in  the  thyroepiglottic,  hyo-epiglottic,  and  glosso-epiglottic  ligaments.  If  we 
add  to  these  parts  the  elastic  longitudinal  fibres  in  the  membranous  part  of  the  trachea 
and  bronchi,  we  shall  have  an  idea  of  the  great  extent  of  the  tissues  susceptible  of 
consensual  vibration  and  resonance  in  the  parts  surrounding  the  organ  of  voice. 

The  next  point  to  be  considered  is  the  variety  of  forms  which  the  aperture  of  the 
glottis  is  capable  of  assuming,  and  which  it  really  assumes  at  the  time  of  emitting 
sound.  According  to  M.  Lauth's  researches,  the  glottis  is  able  to  take  the  following 
different  forms.  In  the  passive  state,  when  emitting  no  sound,  the  aperture  of  the 
glottis  is  lance-shaped;  it  dilates  somewhat,  as  is  already  known,  during  inspiration, 
and  becomes  narrowed  again  during  expiration.  The  lateral  boundaries  ofthe  aperture 
are,  posteriorly,  the  inner  surface  and  anterior  process  ofthe  base  ofthe  arytenoid  car- 
tilages; anteriorly,  and  in  the  greater  extent,  the  vocal  cords,  which  are  connected 
posteriorly  to  the  above-mentioned  anterior  process  of  the  basis  of  the  arytenoid  carti- 
lages. The  whole  length  of  the  aperture  of  the  glottis  when  open  is  eleven  lines,  of 
which  the  posterior  part  between  the  arytenoid  cartilages  and  iheir  anterior  process 
measures  four,  the  anterior  part  between  the  vocal  cords  seven  lines.  When  dilated 
to  its  full  extent  (by  the  muse,  crico-arytenoidei  postici),  the  aperture  of  the  glottis 
has  the  form  of  a  lozenge,  of  which  the  posterior  angle  is  truncated.  The  lateral 
angles  correspond  to  the  anterior  processes  of  the  base  of  the  arytenoid  cartilages, 
which  may  be  separated  from  each  other  to  the  distance  of  51  lines.  In  the  contracted 
state,  the  rima  glottidis  may  have  either  of  three  forms.    The  anterior  processes  of 

»  M^m.  de  TAcad.  Roy.de  M^d.  1835.~Mal]cr*8  Arch.  1836.->Jahrcsbericht,  p.  clvii. 
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the  base  of  the  arytenoid  cartilages  may  be  approximated  to  eaeh  other  through  the 
agency  of  the  lateral  crico-arytenoid  mascles,  and  by  eominflr  into  contact  may  divide 
the  fiaaare  of  the  fflottis  into  two  parts;  or  the  rima,  though  narrowed,  may  remain 
open  in  its  wholelength;  or,  lastly,  the  posterior  part  of  the  rima  may  be  quite  cloeed 
by  the  approximation  of  the  arytenoid  cartilages  themselves,  toffether  with  their  an- 
terior processes,  to  which  the  chords  vocales  are  attached.  The  movement  of  the 
arytenoid  cartilages,  which  produces  this  last  form,  is  effected  by  the  nnited  action  of 
the  proper  arytenoid  muscles  and  of  the  lateral  crico-arytenoid.  The  rima  glottidis  is 
here  confined  to  the  space  between  the  sharp  borders  formed  by  the  elastic  vocal  cords; 
h  comes  to  a  point  both  anteriorly  and  posteriorly;  its  length  and  breadth  vary  here 
▼ery  much,  according  as  the  vocal  cords  are  stretched  or  not.  The  relaxation  and 
shortening  of  the  vocal  cords  are  effected  by  the  thyro-arytenoid  muscles,  which  also 
ara  able  to  diminish  the  transverse  diameter  of  the  space  above  and  below  the  vocal 
oords. 

The  form  of  the  rima  glottidis  in  the  human  subject  during  life,  at  the  moment  of 
the  emission  of  sound,  is  not  at  present  very  accurately  known;  but  that  it  becomes 
narrowed  ia  certain.  The  anterior  portion  of  the  aperture, — that  bounded  by  elastic 
and  aharp  bordera, — being  alone  susceptible  of  sonorous  vibration  from  the  action  of 
the  current  of  air,  the  posterior  part  of  the  opening,  which  cannot  contribute  to  the 
oviginal  production  of  sound,  can  only  by  considerably  increasing  the  area  of  the 
opening  disturb  the  action  of  tlie  air  on  the  other  part.  M.  Mayo  {OuiHnei  (fPhyno!* 
1887,  p.  371,)  has  made  some  observations  on  the  movements  of  the  fflottis  in  the 
human  subject  during  life.  A  man  in  an  attempt  to  commit  suicide  divided  the  larynx 
immediately  above  the  chords  vocales:  in  conaequence  of  the  oblique  direction  of  the 
wound  the  vocal  cord  and  arytenoid  cartilage  of  one  side  were  wounded.  During  un- 
disturbed respiration,  the  form  of  the  aperture  of  the  glottis  was  triangular.  As  soon 
aa  a  sound  was  uttered,  the  chords  vocales  beeame  almost  parallel,  and  the  rima  glot- 
tidis took  a  linear  form.  It  would  appear  from  the  fignre  that  the  posterior  part  of  the 
aperture  was  not  closed.  In  another  patient  the  incision  passed  into  the  pharynx 
aoove  the  thyroid  cartilage,  rendering  the  upper  part  of  theaiytenoid  cartilages  visible* 
During  the  emission  of  sound  the  arytenoid  cartilaffes  kept  the  same  position  as  when 
the  glottis  was  closed.  Kempelen  {Meehamsmus  £  MeruehKeh,  Spraene,  Wien.  1791, 
p.  81,)  has  stated,  that  the  glottis,  to  produce  sound,  must  be  approximated  to  within 
i^th,  or  at  most  ^tb,  of  its  diameter;  and  Rudolphi  {Pkynohgie^  ii.  I.  370,)  confirms 
this  atatement,  from  the  observation  of  the  parts  in  a  man  whose  pharynx  was  bv  the 
absence  of  the  nose  laid  so  open  to  view  that  the  opening  and  closing  of  the  glottis 
oonld  be  readily  seen. 

M •  Magendie  excludes  from  the  glottis  the  space  between  the  arytenoid  eartilages, 
which  he  has  found  in  experiments  on  animals  to  be  closely  applied  to  each  other 
during  the  emission  of  sound.  Malgaigne  has  made  the  same  observation.  This 
may  possibly  be  generally  the  case;  and  sounds  cannot  be  readily  elicited  from  the 
human  larynx  removed  from  the  body,  when  the  posterior  portion  of  the  glottis  is  not 
dosed.  Nevertheless  it  is  not,  according  to  my  experiments,  absolutely  necessary; 
I  have,  in  some  rare  cases,  been  able  to  produce  a  sound  artifioiallj,  when  the  chords 
Toeales  were  made  somewhat  tense  and  the  aperture  of  the  glottis  narrowed,  though 
open  in  its  whole  length. 

B.  Of  the  modulation  of  the  voice^  and  the  causes  on  which  it  de^ 
pends. — Experiments  on  living  animals  have  hitherto  afforded  few 
results  calculated  to  elucidate  the  physiology  of  the  human  voice,  not- 
withstanding the  labours  of  MM.  Magendie  and  Malgaigne,  which  are 
in  a  certain  measure  valuable.  M.  Magendie  laid  bare  the  glottis  in 
a  dog  by  means  of  an  incision  between  the  thyroid  cartilage  and  os 
hyoides;  he  then  observed  that  the  vocal  cords,  during  the  utterance  of 
deep  notes,  vibrated  in  their  entire  length,  but  that  the  portion  of  the 
rima  glottidis  which  lies  between  the  arytenoid  cartilages  was  closed. 
During  the  utterance  of  very  high  notes,  the  vibrations  were  perceptible 
only  in  the  most  posterior  part  of  the  vocal  cords,  and  the  air  escaped 
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only  through  that  part  of  the  rima  glottidis.  It  is  difficalt  to  understand 
how  the  closing  of  the  anterior  part  of  the  glottis  could  be  effected. 
Such  a  change  in  the  glottis,  causing  the  air  to  be  transmitted  only 
through  the  posterior  part,  cannot  be  imitated  in  the  human  larynx; 
while,  on  the  contrary,  it  is  not  difficult  to  shorten  the  fissure  of  the 
glottis  at  its  posterior  part  by  approximating  the  anterior  processes  of 
the  arytenoid  cartilages  to  which  the  vocal  cords  are  attached,  the  ten- 
sion of  these  cords  still  remaining  the  same.  Careful  experiments  oa 
the  human  larynx  itself,  after  its  removal  from  the  body,  offer  the  b«st 
prospect  of  useful  results. 

Experiments  on  the  separated  larynx  are,  in  first  attempts,  attended 
with  extreme  difficulty;  all  the  parts  are  movable,  and  it  is  not  at  first 
apparent  how  the  uniform  tension  and  the  uniform  fixed  position  of 
the  cartilages,  so  necessary  for  attaining  any  degree  of  accuracy  in  the 
experiments,  can  be  given;  and  at  the  same  time  how  the  position 
once  given  can  be  made  capable  of  alteration  as  the  experiment  may 
require.  With  a  little  contrivance,  however,  these  objects  can  be  ac- 
complished. The  first  thing  to  be  done  is  to  obtain  a  fixed  point  in  the 
larynx. 

According  to  the  resnlt  of  experiments  made  in  this  way,  the  fol- 
lowing will  be  the  mode  of  production  of  the  notes  of  the  natural  voice: 
—The  vocal  ligaments  vibrate  in  their  entire  breadth,  and  with  thenoi 
the  surrounding  membranes  and  the  thyro-arytenoid  muscles.  For  the 
deepest  notes  the  vocal  ligaments  are  much  relaxed  by  the  approxima- 
tion of  the  thyroid  to  the  arytenoid  cartilages.  The  lips  of  the  glottis 
are,  in  this  state  of  the  larynx,  not  only  quite  devoid  of  tension;  they 
aie,  when  at  rest,  even  wrinkled  and  plicated;  but  they  become 
fltretcbed  by  the  current  of  air,  and  thus  acquire  the  degree  of  tensiOB 
necessary  for  vibration.  From  the  deepest  note  thus  produced  the 
vocal  sounds  may  be  raised  about  an  octave  by  allowing  the  vocal 
cords  to  have  the  slight  degree  of  tension  which  the  elastic  crico-thyroid 
ligament  can  give  them  by  drawing  the  thyroid  cartilage  towards  the 
cricoid.  The  medium  state,  in  which  the  cords  are  neither  relaxed  and 
wrinkled  nor  stretched,  is  the  condition  for  the  middle  notes  of  the  natu- 
ral register,  those  which  are  most  easily  produced.  (The  ordinary 
tones  of  the  voice  in  speaking  are  intermediate  between  these  and  the 
deep  bass  notes.)  The  higher  notes  are  produced,  and  the  correspond- 
ing falsetto  tones  avoided,  by  the  lateral  compression  of  the  vocal  cords, 
and  by  the  narrowing  of  the  space  beneath  them  (the  adittts  glottidis 
if^ferior)  by  means  of  the  thyro-arytenoid  muscles,  and  further  by 
increasing  the  force  of  the  current  of  air.  The  muscular  tension  given 
to  the  lips  of  the  glottis  by  the  muscles  above-mentioned  must  also  be 
taken  into  account  as  contributing  to  the  production  of  the  notes  of  the 
natural  register. 

The  falsetto  notes  are  produced  by  the  vibration  of  the  inner  portion 
or  border  of  the  vocal  ligaments;  their  variation  as  to  height  or  sharp- 
ness being  effected  by  variation  of  the  tension  of  the  ligaments.* 

*  To  the  aboTe  account  of  the  conditions  of  the  grlottis  and  Tocal  cords  neeessaiy 
for  the  production  of  the  different  sounds  of  the  voice,  we  may  here  append  some 
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The  observations  which  have  been  made  prove  clearly  that  neither 
the  epiglottis,  the  superior  ligaments  of  the  glottis,  the  ventricles  of  the 
larynx,  nor,  in  fact,  any  of  the  parts  in  front  of  the  vocal  cords,  are 
necessary  for  the  production  either  of  the  notes  of  the  natural  voice  or 
of  the  falsetto  notes. 

The  notes  which  are  easily  elicited  from  the/rmn/e  larynx  are  generally  higher  than 
those  from  the  mak  larynx^  though  bj  complete  relaxation  and  approximation  of  the 
Yoeal  cords  the  female  laryox  can  be  made  to  yield  deep  tones.  The  priocipal  cause 
of  this  isy  that  the  vocal  cords  are  in  general  much  shorter  in  the  female  larynx; 
although  the  smaller  size  of  the  cavity  of  the  larynx,  and  the  less  thickness  of  its 
walls,  affording  less  means  of  resonance  necessary  for  the  low  notes,  have  alsoa^reat 
influence.    On  the  same  principles  we  must  explain  different  kinds  of  male  voices, 

observations  on  the  same  subject  by  several  English  physiologists.  A  very  interest- 
ing paper  by  Mr.  Willis,  in  the  Transactions  of  the  Cambridge  Philosophical  Society, 
iSd,  (read  May  1829,)  contains  some  original  views  as  to  the  position  of  the  lips 
of  the  glottis  during  the  production  of  voice.  He  attributes  the  different  notes  of  the 
human  voice  to  different  degrees  of  tension  of  the  vocal  ligaments,  since  famine  of 
leather,  and,  still  better,  caoutchouc,  will,  he  shows,  yield  a  variety  of  notes  accord- 
ing to  the  degrree  of  tension  given  them.  But  it  is  not  tension  done,  he  argues,  which 
enables  the  lips  of  the  glottis  to  produce  sounds.  For  as  the  size  of  the  space  between 
the  thyroid  and  cricoid  cartilages,  felt  externally,  indicates  the  tension  of  the  vocal 
ligaments, — being  small  when  they  are  tense  and  high  notes  produced,  and  large 
wnen  the  ligaments  are  relaxed  for  the  production  of  bass  notes, — and  as  the  medium 
sixe  of  this  space,  proper  for  the  production  of  intermediate  notes,  does  not  differ  from 
that  which  it  has  in  the  state  of  rest,  when  no  voice  is  uttered,  he  infers  that  in  that 
state  the  lieaments  possess  the  tension  required  for  the  average  pitch  of  speech,  but 
have  not  the  necessary  parallel  position.  That  the  production  of  voice  does  not 
depend  on  diminishing  the  size  of  the  aperture  of  the  glottis  he  thinks  certainf 
M  beeanse  we  can  make  the  aperture  of  the  passage  pass  through  all  degrees  of  con- 
traotion  up  to  absolute  closing  during  the  expiration  of  the  breath,  without  producing 
any  sound,  except  the  usual  rushing  noise  or  a  forcible  current  of  air  passing  through 
a  narrow  aperture.*'  Mr.  Willis  attributes  to  the  thyro-aiytenoid  muscles  the  office 
of  placing  the  arytenoid  cartilages  and  the  lips  of  the  glottis  in  the  vocalising 
position. 

Mr.  Mayo  has  observed,  in  cases  of  wound  of  the  pharynx,  (as  is  stated  in  the  text 
at  page  691,)  that  the  edges  of  the  glottis  are  in  contact  during  the  utterance  of  voeal 
sounds;  and  this  state  of  the  glottis,  toother  with  a  certain  degree  of  tension,  he  be- 
lieves to  be  the  condition  for  vocalisation.  The  vocalising  position  pointed  out  by 
Mr.  Willis,  he  conceives  to  be  the  necessary  result  of  the  vocal  ligaments  being  on 
the  stretch.— A%o*«  Phynology^  Ed.  4th,  p.  370. 

Mr.  Bishop  states,  as  the  results  of  experiments  on  the  larynx  after  death,  ^^  that,  in 
order  to  produce  any  sounds  whatever,  it  was  requisite  to  close  the  chink  of  the  glottis 
by  bringing  the  edges  of  the  vocal  ligaments  into  immediate  contact,  when,  by  strain* 
iog  them  tolerably  tight^  the  sounds  became  load  and  distinct."  He  also  remarked, 
**ttiat  when  the  gravest  tones  were  uttered,  the  ligaments  vibrated  throughout  their 
whole  leneth;  and  that,  as  the  tones  became  more  acnte,  a  proportionally  smaller 
extent  of  the  ligaments  was  thrown  into  vibration."  This  observation  accords  with 
those  of  M.  Magendie  in  experiments  on  living  dogs  (see  page  691).  **  During  the 
production  of  the  most  acute  tones,"  Mr.  Bishop  says,  **  the  tension  of  the  vocalligap 
ments  was  but  slightly  increased,  and  the  greatest  possible  tension  was  insufficient  to 
produce  acute  tones,  whilst  these  ligiaments  vibrated  throughout  their  whole  length.*' 
The  latter  observation  is  opposed  to  the  results  of  Professor  Muller*s  experiments. 
Mr.  Bishop  ascribes  to  the  thyro-arytenoid  muscle  the  power,  not  onl^  of  rotating  the 
lips  of  the  glottis  into  the  vocalising  disposition  described  by  Mr.  Willis,  but  also  of 
forcing  them  into  contact  with  each  other  during  its  contraction;  and  to  the  thyro- 
arytenoid and  crico-thyroid  muscles  the  power  of  so  affecting  the  vocal  cords  **that  a 
portion  of  them  only  is  rendered  susceptible  of  vibration."— London  and  Edin.  Philos. 
Mag.  1836.— 7Van«/ator. 
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tha  bm  and  tenor;  «nd  of  femala  toIdm,  the  kIIo  and  •opnno.  Tba  rntle  toIm  !••  it 
ia  trae,  capable  of  beinK  raiaad  to  high  nolaa  bj  great  lenaion  of  tbe  eorda,  bat  tba 
tonea  thua  produced  aie  of  ibe  falsetto  charactar,  Qotea  of  the  same  height  can  be  pn> 
doced  with  ease  b;  (he  ahortei  Tocat  eoTds  of  the  female  larynx  witE  leea  teoaioD. 
Heieover,  there  most  be  a  limit  to  the  tension  of  the  male  chords  rocalea,  on  accoaat 
of  masclea  being  able  to  ihorten  themselTBa  by  conlraction  onlj  to  a  certain  sxteDl; 
the  maximum  of  shoitaning  of  which  they  are  snicepUble  is,  aacording  U>  H. 
Schwann,  only  about  one-thiid  of  their  length.  The  means  of  leodeTing  tanae  111* 
TDCal  ligaraenia  are  aoniewhat  greater  than  thie  calculation  would  indioate,  ainee  tba 
Toeal  oords  can  be  acted  on  by  muaolea  both  before  and  behind;  and  the  cartilagaa  ta 
wUeh  the  cords  are  attached  are  capable  of  a  lerer-like  moTemenL  Still  Ihera  maat 
be  a  limit  to  the  raising  of  the  pitoh  of  the  voice  attained  in  this  way.  A  still  bigh« 
bat  feeble  note  may  be  accidentally  produced,  while  the  focal  cords  are  tease,  bj  Uiair 
oomiDg  into  contact  with  each  other  at  aome  point,  eauaing  a  dirisioD  of  them  into 
Ibeir  aliquot  parts. 

I  have  endeaTonred  to  ascertain  by  neaaareownt  the  telallTe  length  of  the  Toeal 
eorda  in  tba  male  and  female  larynx.  The  following  table  ahowa  the  resulta  which  I 
have  obtained  in  aeveral  esperimenta: 


IiOllgth  of  the  Tocal  corda  ~ 
at  the  greatest  degree  J 
□f  tension, 

Langth  of  the  vocal  carde ; 
in  the  state  of  repoae, : 


Men  past  puberty. 


Boy  of 
ID'S 


Mean  length  of  the  vocal  corda  in  the 

Mean  length  of  the  vocal  cords  in  the  state  of 
greatest  tension,    ■       ■       - 


".} 


Male  larynx.     Female  tatyaz. 


18( 
83^ 


1S| 


The  eyphera  indicate  the  number  of  mjllimetraa.*  The  relative  length  of  the  voeal 
oords  in  the  mate  and  in  the  female  laryo'x  woald  appear  from  these  measurements  to 
ba  aa  three  to  two,  both  in  the  extended  and  the  unexlended  state.     The  degrea  to 


and  not  the  whole  length  of  the  apertare  of  the  glottis,  extending  posteriorly  between 
tba  arytenoid  cartilages,  were  measured.  A  small  part  of  the  vocal  ligament  extends 
farther  back  than  the  extreme  point  of  the  anterior  process  of  the  arytenoid  cartilage, 
being  attached  to  the  upper  border  of  this  process  towards  the  smerior  edge  of  the  car- 
tilage; this  portion  of  the  ligament  was  included  In  the  measurements,  j- 

If  the  air  be  drawn  in  through  the  glottis  instead  of  forced  ont,  the  tension  of  the 
TOcal  cords  remaining  the  same,  no  vocal  sound  is  generally  produced,  but  sometimea 
a  deeper  rustling  sound  was  heard.  Touobing  the  outer  part  of  the  ligaments  of  dte 
glottis,  so  aa  to  stop  the  vibrationa  at  that  part,  raises  the  pitch  of  the  sounds. 

Itijluence  of  the  vocal  tube. — The  length  of  the  tube  prefixed  to  the 

*  A  millimetre  is  D'03937,  or  about  ^  of  an  English  inch. 

tsnor,  contr'nllo,  and  mprmo  aingerii,  and  alu  in  eunnchs,  aAer  death,  would  be  of  grcit 
intorcft  in  a  physiological  paint  of  view;  but  the  aame  pirti  ahauli!  be  meuared  in  other 
individualt  at  the  ■ams  time,  that  the  f^roundi  of  the  compiiriMn  may  be  the  Hune,  lor  if  the 
voObI  corda  be  measured  from  Iheir  anterior  extremity  only,  ai  far  aa  the  point  ol  the  interior 
process  of  the  arylenoid  oarlitago,  the  length  indicited  will  be  loss  tiiau  irben  they  are  mea- 
eoced  in  the  rasDiier  above  described. 
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vibrating  tongues,  which  has  so  marked  an  influence  in  modifying  the 
height  of  the  notes  produced  by  tongues  of  caoutchouc  or  even  of  arte- 
rial tissue,  appears  from  my  experiments  to  have,  contrary  to  M.  Ma- 
gendie's  opinion,  founded  on  the  analogy  of  the  organ  of  voice  with  the 
reed-pipes  of  M.  Greni6,  no  perceptible  effect  on  the  pitch  of  the  notes 
vielded  by  the  human  larynx.  In  many  cases  the  variation  of  the 
length  of  the  prefixed  tube  seemed  to  have  no  influence  at  all  on  the 
note  produced;  in  other  instances  the  elongation  of  the  tube  lowered 
the  note  a  semitone,  very  rarely  an  entire  tone,  when  the  force  of  the 
blast  was  perfectly  uniform*  I  am  inclined,  therefore,  to  deny  any 
power  of'  modifying  the  height  of  the  notes  to  the  slight  variation  of 
length  which  the  trachea  can  undergo. 

The  partly  membrsmous  nature  of  the  trachea  has  no  perceptible  in- 
fluence on  the  sounds  produced  by  the  vocal  cords;  the  note  produosd 
by  blowing  through  the  trachea  was  the  same  as  when  a  wooden  tube 
of  the  same  diameter  was  used.  In  this  respect  reed-instruments  with 
membranous  tongues  differ  remarkably  from  flute-pipes  with  merely  a 
vibrating  column  of  air.  In  the  latter  instruments  the  reciprocal  vibra- 
tions of  the  membranous  walls  of  the  tube  influence  so  much  the  pri- 
mary vibrations  of  the  column  of  air,  that,  according  to  the  observation 
of  M.  Savart,  (Froriep^s  Not.  332,  p.  21,)  who  discovered  this  circum- 
stance, a  pipe  of  moist  thin  paper  walls  will  lower  the  note  an  entire 
octave  below  that  which  a  tube  of  solid  parietes  of  the  same  length 
would  yield. 

The  circumstance  of  the  vocal  tube  in  front  of  the  vocal  cords  being 
double,  consisting  of  the  oral  and  nasal  canals,  seems  to  have  no  other 
effect  on  the  height  of  the  notes  than  a  simple  tube;  but  it  causes  their 
character  to  be  altered  by  the  resonance.  I  attached  to  the  short  ante- 
rior tube  of  an  artificial  larynx  with  caoutchouc  tongues  a  bifurcated 
tube;  the  result  was  no  raising  of  the  notes,  but  they  were  rendered 
more  sonorous. 

The  epiglottisj  by  being  pressed  down  so  as  to  cover  the  superior 
cavity  of  the  larynx,  serves  to  render  the  notes  deeper  in  tone,  and  at 
the  same  time  somewhat  duller,  just  as  covering  the  end  of  a  short 
tube  placed  in  front  of  caoutchouc  tongues  lowers  the  tone.  In  utter- 
ing very  deep  notes  during  life,  we  evidently  employ  the  epiglottis 
ID  this  way;  at  least,  such  seems  to  be  the  object  of  the  retraction 
and  depression  of  the  tongue,  while  we  press  down  the  head  in  front, 
in  endeavouring  to  produce  very  deep  notes.  In  no  other  respect  does 
the  epiglottis  appear  to  have  any  effect  in  modifying  the  vocal  sounds. 
The  epiglottis  can  be  felt,  by  the  finger  passed  in  at  the  side  of  the 
mouth,  to  maintain  the  same  position  during  the  utterance  of  musical 
notes,  whether  they  be  of  the  falsetto  character  or  those  of  the  natural 
voice. 

The  arches  of  the  palate  and  the  uvula  become  contracted  during 
the  formation  of  the  higher  notes,  as  was  first  observed  by  Fabricius  ab 
Aquapendente,  and  more  recently  by  Mayer,  Bennati,  and  Dzondi. 
But  the  contraction  of  the  isthmus  of  the  fauces  is  the  same  for  a  note 
of  given  height,  whether  it  be  falsetto  or  not;  and  in  either  case  the 
arches  of  the  palate  may  be  touched  with  the  finger,  without  the  nota 
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being  altered.    This  completely  refutes  the  opinion  of  Bennati,  that  the 
falsetto  tone  is  wholly  or  in  part  due  to  the  action  of  the  palatine  arches. 

The  approximation  of  the  palatine  arches,  and  retraction  of  the  uvula, 
in  the  production  of  the  higher  notes,  seems  to  be  merely  the  result  of 
involuntary  associate  nervous  action,  caused  by  the  voluntarily  increased 
exertion  of  the  muscles  of  the  larynx.  If  the  palatine  arches  contribute 
at  all  to  the  production  of  the  higher  notes  of  the  natural  voice  and  the 
falsetto  register,  it  can  only  be  by  their  increased  tension  strengthening 
the  resonance. 

According  to  the  theory  of  reed-instruments,  narrowing  of  the  tipper 
part  of  the  larynx  immediately  in  front  of  the  vibrating  tongues  or 
vocal  cords  ought  to  raise  the  notes  in  some  degree:  but  this  cannot  be 
proved  experimentally;  for,  in  a  larynx  removed  from  the  body,  the 
upper  part  of  the  cavity  cannot  be  compressed  without,  in  some  measure, 
acting  on  the  vocal  cords.  Simple  narrowing  has  no  perceptible  influ- 
ence. The  oflice  of  the  ventricles  of  the  larynx  is  evidently,  as  M. 
Malgaigne,  Sir  C.  Bell,  and  others  have  remarked,  merely  to  afford  a 
firee  space  for  the  vibrations  of  the  lips  of  the  glottis.  M.  Malgaigne 
compares  them  to  the  cavity  at  the  commencement  of  the  mouth-piece 
of  trumpets,  which  allows  the  free  vibration  of  the  lips. 

C.  Theorit*  ff  the  voice, — The  general  conclusion  which  we  must  draw  from  the 
xesnlts  of  the  experiments  on  the  artificial  larynx  with  membranoas  tongues,  as  well 
as  from  those  afforded  by  the  experiments  on  the  natural  larynx  remoTed  from  the 
body,  which,  in  all  essential  points,  agree  with  the  former,  is  that  the  human  argtm 
if  voice  i»  a  reedrimtrument  with  a  double  membranous  tongue.    This  opinion  has  been 

IireTiously  held  by  several  cuUivatore  of  natural  philosophy,  as  MM.  Biot,  Gagniaid 
a  Tour,  and  Muncke;  by  writera  on  the  theory  of  music,  as  Gotlfr.  Weber;  and  by 
some  physiologists,  as  MM.  Magendie,  Malgaigne,  and  othere. 

The  experiments  of  Ferrein  on  the  sounds  to  be  obtained  from  the  larynx  in  the 
dead  body,  by  which  he  showed  that  the  note  varied  according  to  the  length  and  ten- 
sion of  the  vocal  cords,  have,  as  early  as  the  year  1741,  {Mem.  de  PAcad.  d.  Sc.)  afford- 
ed  a  sound  basis  for  this  theory. 

According  to  M.  Savart,  the  air  in  the  ventricles  of  the  larynx  between  the  superior 
or  false,  and  inferior  or  true  ligaments,  is  really  the  source  of  the  sound;  the  organ  of 
voice  being  compared  by  this  philosopher  to  the  bird-call  or  hunter's  whistle.  The 
theory  of  M.  Savart  is  rendered  quite  untenable  by  the  fact  of  the  superior  ligaments 
of  the  glottis  being  entirely  absent  in  some  mammalia,  namely,  in  the  ruminantia. 

The  vocal  cords  were  likened  by  Ferrein  to  vibrating  strings,  and  to  a  certain  extent 
correctly;  but  the  comparison  is  in  other  points  inaccurate.  Ferrein*s  experiments, 
by  which  he  demonstrated  the  resemblance  of  the  vocal  cords  to  vibrating  strings,  are 
among  the  best  that  have  ever  been  instituted.  He  showed  that  the  vocal  cords  sound, 
according  to  analogous  laws  with  those  of  strings  which  are  thrown  intu  sonorous 
vibrations  by  currents  of  air,  and  that  the  notes  produced  are  in  no  respect  altered  by 
difference  in  width  of  the  aperture  of  the  glottis.  From  half  the  length  of  the  vocal 
cords  he  obtained  the  octave  of  the  fundamental  note;  from  two-tnirds,  the  fifth. 
Lastly,  he  found  that  a  change  in  the  length  of  the  vocal  cords  to  the  extent  of  from 
two  to  three  lines  was  sufficient  to  produce  all  the  notes  of  various  pitch  (the  change 
in  tension  here  supplying  what  is  effected  by  change  in  the  length  of  the  cords  when 
the  tension  remains  the  same). 

In  one  respect,  however,  the  vocal  cords  differ  from  strings;  and  this  point  of  dis- 
tinction is  important  enough  to  give  to  them,  with  other  membranous  tongues  a  special 
place  among  musical  instruments.  When  strings  are  more  strongly  struck,  deeper 
notes  are  produced;  the  note  given  out  by  a  membranous  tongue  is,  on  the  contrary, 
raised  by  a  stronger  blast  the  extent  of  one,  two,  or  more  semitones;  and  if  the  tongues 
be  of  moist  nature,  as  are  the  vocal  cords  and  bands  of  arterial  tissue,  even  many 
semitones. 
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Tbefs  an  several  phj^aidlogiets,  among  them  Dodart  and  Lisoovioa,  who  ascribe 
the  modulation  of  the  voice  to  the  varyioff  aise  of  the  fiaaare  between  the  iips  of  the 
glottis,  and  to  the  vibration  of  the  air  produced  at  that  part. 

The  influence  of  increaaing  the  force  of  the  blast  in  raising  the  pitch  of  the  notea 
was  correctly  observed  bj  Lisoovioa  and  Lehfeldt.  A  point  of  especial  importanoe  ia 
leference  to  the  theorv  of  the  production  of  the  notea  of  the  natural  register  and  the 
ftlaetto  notes,— namefyt  that  for  the  former  the  entire  vocal  cord  vibratesy  and  for  thf 

tatter  only  its  border,  as  well  as  the  fact  that  the  falsetto  note  is,  ctBUrU  paribupf 
liffher, — was  first  discovered  by  Lehfeldt.* 

D.  (y  An^'fi^.-- There  are  three  different  kinds  of  sequence  of  the  notes  whiek 
the  organ  of  voice  is  capable  of  producing.  The  firat  is  the  monotonona,  in  whioh 
the  notes  succeeding  eaeh  other  have  all  nearly  the  same  pitch,  as  in  ordinary  apealiing; 
the  variety  of  the  sounds  of  speech  being  owing  to  articulation  in  the  mouth;  m 
•peaking,  however,  occasional  syllables  generally  receive  a  higher  intonation  for  the 
take  of  accent  In  poetry  there  ia  rhythm  in  addition  to  the  accent,  but  the  modulation 
of  music  is  wanting.  The  second  mode  of  sequence  is  the  succesaive  transition  from 
Jijgh  to  low  notes,  and  eiee  eerad,  without  intervals;  such  aa  is  heard  in  the  aounds* 
wnieh,  as  expressions  of  passion,  accompany  crying  in  men,  and  also  in  the  howling 
and  i^hining  of  dogs.  This  succession  of  dissonant  sounds,  in  which  the  musical 
intervals  are  not  observed,  often  occurs  in  nature,  as  in  the  howling  of  the  wind;  and 
nay  be  produced  on  instruments,— for  instance,  by  diminishing  or  increasing  ths 
tension  of  a  string  while  it  is  being  sounded,  or  by  blowing  with  gradually  increased 
|broe  into  a  abort  pipe  closed  at  one  e&tremity.  A  membranous  tongoe  is  capable  of 
the  same  succession  of  notes,  and  the  same  ia  the  case  with  the  vocal  corda.  Tho 
dissonant  succession  of  rising  and  falling  notes  in  howling  must  be  produced  partlj 
br  increase  and  diminution  of  the  force  of  the  current  of  breath,  and  partly  by  gradual 
•Itsration  of  the  degree  of  tension  of  the  vocal  corda.  The  third  mode  of  aeqnene^ 
of  the  vocal  sounds  is  the  musical,  in  which  each  sound  has  the  requisite  number  of 
▼ibrations,  and  the  nnmber  of  vibrations  in  the  successive  sounds  have  that  relative 
proportion  which  characteriaea  the  notea  of  the  musical  acale.  Muaic  has  a  rhythm 
in  common  with  poetry. 

1.  Compass  qf  the  voice. — The  compass  of  the  voice  in  difierent  in- 
dividuals comprehends  one.  two,  or  three  octaves;  in  singers^— that  ia, 
in  persons  capable  of  singing, — it  extends  to  two  or  three  octaves.  But 
the  male  and  female  voices  commence  and  end  at  different  points  of  the 
,3cale. 

i).  Varieties  cf  voice  in  different  individuals, — The  principal  differ- 
ence between  the  male  and  the  female  voice  is  in  their  pitch;  but  tbeV 
are  also  distinguished  by  their  tone, — the  male  voice  is  not  so  soft 
But  the  voice  presents  other  varieties  besides  the  male  and  female; 
there  are  two  kinds  of  male  voice,  the  bass  and  tenor,  and  two  kinds 
of  female  voice,  the  contr'alto  and  soprano^all  differing  from  each  other 
in  tone.  The  bass  voice  usually  reaches  lower  than  the  tenor,  and  itp 
strength  lies  in  the  low  notes;  while  the  tenor  voice  extends  higher  than 
the  bass.  The  essential  difference  between  tho  bass  and  tenor  voicos, 
and  between  the  contr'alto  and  soprano,  consists  in  their  tone  or 
^timbre,''  [quality]  which  distinguishes  them  even  when  they  aiia 
singing  the  same  note. 

The  different  pif:h  of  the  male  and  the  female  voice  depends  on  the 
different  length  of  the  vocal  cords  in  the  two  sexes;  their  relative 

P  Of  prcTifMis  writers,  Ferrcin,  Liicofios,  and  Lchfeldl,  have  eontribnted  most  to  the 
elocidstion  of  tho  thetiry  ol'  the  foiou.  A  very  good  account  of  the  opinion  of  the  older 
writere«  with  nrisrinal  reflectiona,  ia  oontained  in  Lohfeldt*8  diaaertotion,  **  Du  vueia  forma* 
tioMw**  Berol.  1835.  A  completa  review  of  later  theoriee  and  obeerfatiooa  will  be  funnd  ia 
BeiMiioger*a  edition  of  llagendie*a  Phjreiolof/. 
59 
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length  in  men  and  women  being  as  three  to  two.  The  diflerence  of  the 
two  voices  in  tone  or  <<  timbre''  is  owing  to  the  different  natnre  and 
form  of  the  resounding  walls,  which  in  the  male  larynx  are  much  more 
extensive,  and  form  a  much  more  acute  angle  anteriorly. 

The  larynx* of  boys  resembles  the  female  larynx;  their  vocal  cords 
before  puberty  have  not  two-thirds  the  length  which  they  acquire  at 
that  period.  The  angle  of  the  thyroid  cartilage  is  as  little  prominent 
as  in  the  female  larynx.  Boys'  voices  are  alto  and  soprano;  but,  after 
the  larynx  has  undergone  the  change  produced  during  the  period  of 
development  at  puberty  (between  the  fourteenth  and  the  fifteenth  year,) 
they  become  immediately  bass  or  tenor.  While  the  change  of  form  is 
taking  place,  the  voice  is  imperfect,  frequently  hoarse  and  crowing,  and 
is  unfitted  for  singing  until  the  new  tones  are  brought  under  command 
by  practice.  In  eunuchs,  who  have  been  deprived  of  the  testes  before 
puberty,  the  voice  does  not  undergo  the  ordinary  change. 

3.  Varieties  of  voice  in  one  and  the  same  individual, —  The  natural 
and  falsetto  voices, — Most  persons,  particularly  men,  besides  that  their 
voice  belongs  more  or  less  to  one  of  the  varieties  already  described, 
have  the  power,  if  at  all  capable  of  singing,  of  modulating  through  a 
double  series  of  notes  of  different  character.  These  are  the  notes  of 
the  natural  voice,  or  chest-notes  {note  di  pett6)y  and  the  falsetto  notes 
(note  di  testa).  The  natural  voice  is  fuller,  and  excites  a  distinct  sen- 
sation of  much  stronger  vibration  and  resonance,  than  the  falsetto 
voice,  which  has  more  a  humming  character. 

4.  Differences  ofthe  voice  as  to  tone  or  quality, — Each  individual  has 
apeculiar  tone  of  voice  dependent  on  the  form  of  the  air-passages  and  of 
their  lining  membranes,  and  on  their  resonance:  hence,  many  persons,  by 
altering  the  form  of  their  vocal  organs,  can  imitate  the  various  tones  of 
voice  of  other  individuals.  The  nasal  <<  timbre^^  is  a  peculiar  quality 
of  voice  dependent  on  a  similar  cause.  The  nasal  tone  may  be  given 
to  the  voice  in  two  ways.  1.  When  the  external  openings  of  the  nares 
are  closed  the  voice  may  retain  its  natural  sound,  or  it  may  become 
nasal:  in  the  former  case  the  arches  of  the  fauces  remain  open;  in  the 
latter  they  approach  each  other,  and  the  larynx  ascends  much  higher 
than  when  the  voice  has  its  natural  character.  Obstruction  of  the  nos- 
trils by  mucus  has  the  same  effect  as  closing  the  anterior  openings  of 
the  nares;  hut  neither  the  one  nor  the  other  can  alone  give  the  nasal 
tone  to  the  voice.  When  the  nasal  tone  is  produced  in  this  first  way, 
the  cavity  of  the  nostrils  becomes  a  separate  resounding  chamber.  2. 
The  nasal  twang  may  also  be  given  when  the  nostrils  are  open,  the 
mouth  being  either  open  or  closed.  In  this  case  likewise  the  larynx 
ascends  considerably;  the  arches  of  the  fauces  contract;  the  dorsum  of 
the  tongue  is  approximated  to  the  palate,  or  brought  into  contact  with 
it;  and  the  air  merely  passes  between  the  narrowed  arches  of  the  fauces, 
and  receives  the  resonance  of  the  nasal  cavities  without  that  of  the 
cavity  of  the  mouth. 

The  voice  of  old  people  is  deficient  in  tone,  is  unsteady,  and  more 
restricted  in  extent:  the  first  defect  is  owing  to  the  ossification  of  the 
cartilages  of  the  larynx  and  altered  condition  of  the  vocal  cords:  the 
want  of  steadiness  arises  from  the  loss  of  nervous  command  over  the 
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muscles;  the  result  of  which  is  here,  as  in  other  parts,  a  tremulous  mo- 
tion. These  two  causes  combined  render  the  voice  of  old  people  void 
of  tone,  unsteady,  bleating,  and  weak. 

5.  Strength  of  the  voice. — This  depends  partly  on  the  degree  of 
capability  of  vibration  of  the  vocal  cords;  and  partly  on  the  fitness  of 
the  membranes  and  cartilages  of  the  larynx,  of  the  parietes  of  the  thorax, 
lungs,  and  cavities  of  the  mouth,  nostrils,  and  communicating  sinuses, 
for  resonance.  The  capability  of  vibration  of  the  vocal  cords  is  dimi- 
nished or  destroyed  by  inflammation  and  suppuration  of  the  mucous 
membrane  of  the  larynx,  by  profuse  secretion  of  mucus,  by  oedema 
glottidis,  &c. 

6.  Increase  and  diminution  of  the  intensity  qf  the  vocal  sound. — 
The  intensity  or  loudness  of  a  given  note  emitted  by  the  larynx  cannot 
be  rendered  greater  by  merely  increasing  the  force  of  the  current  of  air 
through  the  glottis;  for  increase  of  the  force  of  the  current  of  air,  cseteria 
paribuSy  raises  the  pitch  both  of  the  natural  and  the  falsetto  notes. 

Since  the  human  organ  of  voice  possesses  the  power  of  increasing  the 
intensity  of  a  note  from  the  faintest  <<  piano"  to  <*  fortissimo"  without 
its  pitch  being  altered,  there  must  be  some  other  means  of  compensating 
the  tendency  of  the  vocal  cords  to  emit  a  higher  note  when  the  force  of 
the  current  of  air  is  increased.  This  means  evidently  consists  in  modi- 
fying the  tension  of  the  vocal  cords.  When  a  note  is  rendered  more 
intense,  the  vocal  cords  must  be  relaxed  by  remission  of  the  muscular 
action  in  proportion  as  the  force  of  the  current  of  the  breath  through  the 
glottis  is  increased.  When  a  note  is  rendered  fainter,  the  reverse  of  this 
must  occur. 

7.  Perfectness  of  the  notes, — The  dissonance  of  the  voice  after  long 
singing  may  easily  be  accounted  for  in  part  by  the  slight  changes  which 
the  vocal  cords  have  undergone  in  consequence  of  repeated  tension;  and 
in  a  greater  degree  by  the  fatigue  of  the  muscles,  which  at  length  cease 
to  obey  the  will  perfectly,  and  execute  inappropriate  movements.  An 
habitual  dissonance  of  the  voice,  or  inabilitjr  to  sing  in  tune,  depends 
partly  on  defect  of  the  sense  of  hearing,  and  partly  on  the  difficulty  of 
observing  the  uniform  <<  temperament"  of  our  umsical  scales.  Tem- 
perament is  usually  already  obtained  in  musical  instruments  by  tuning; 
the  singer  must  attend  to  it  at  each  note. 

We  must  conclude  our  observations  on  the  human  voice  with  some 
remarks  on  the  artificial  construction  of  a  vocal  organ.  No  musical 
instrument  can  be  in  all  respects  compared  to  the  organ  of  voice;  for 
even  the  organs  and  pianos,  of  which  the  compass  is  so  great,  are  defec- 
tive in  other  respects.  Some  musical  instruments,  as  the  simple  flute- 
pipes,  are  not  susceptible  of  an  increase  of  the  intensity  of  the  notes  from 
piano  to  forte;  in  others  the  notes  cannot  be  prolonged,  namely,  in  all 
those  instruments  in  which  the  sounds  are  produced  by  striking  strings. 
The  organ  has  two  registers  of  notes, — those  of  the  flute-pipes  and  the 
reed-pipes;  and  in  this  respect  it  resembles  the  human  voice,  which  has 
the  natural  register  and  the  falsetto:  but  no  instrument  combines  like 
the  human  organ  of  voice  all  these  advantages.  Although  the  organ  of 
▼oica  belongs  to  the  class  of  reed-instruments;  and  though  these  reeds, 
prbea  combined  with  a  system  of  compensating  pipes,  are  (with  the 
violin)  the  most  perfect  of  all  instruments;  yet  still  the  vocal  organ  is 
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more  perfect  in  being  capable  of  giving  with  one  tube  all  the  notee  and 
all  the  possible  variations  of  the  scale,  while  in  the  most  complete  instru- 
ment constructed  of  reed-pipes  each  note  requires  a  special  pipe.  The 
artificial  construction  of  a  vocal  organ  would,  in  some  measure,  be 
attained,  if  wHh  a  reed-pipe  an  apparatus,  of  not  too  difficult  manage- 
ment, for  regulating  the  tension  of  elastic  tongues  in  the  reed,  could  be 
combined;  but  the  tones  of  such  an  instrument,  in  which  dry  elastic 
bands  only  could  be  permanently  used,  would  not  resemble  the  soft  full 
tones  given  out  by  the  moist,  animal,  elastic  tissue,  and  there  would 
always  be  great  difficulty  in  managing  such  an  instrument. 

2.  0/ musical  sounds  farmed  in  the  mouth. 

We  do  not  speak  here  of  all  the  noises  which  may  be  produced  in 
the  mouth,  but  only  of  those  which  have  a  musical  quality  or  tone. 
Both  at  the  anterior  and  at  the  posterior  part  of  the  oral  cavity  musical 
aounds  may  be  produced  on  the  principle  of  the  sounds  of  reed-instru- 
ments; such  are  the  snoring  and  other  sounds  given  out  by  the  arches 
of  the  fauces  in  vibrating,  and  the  sounds  produced  by  pressing  air 
between  the  lips  which  are  thrown  into  distinct  vibrations;  the  notes 
thus  produced  being  higher  in  pitch,  the  greater  the  tension  of  the  lipa. 

Another  khidof  musical  sound  produced  in  the  mouth  is  ^^u^istKng,*'* 
fb  which  the  air  is  the  source  of  the  sound.  It  is  easy  to  convince  one's- 
ielf  that  the  sound  in  whistling  is  not  owing  to  vibmtion  of  the  lips;  for 
they  may  be  touched,  covered,  or  even  a  disk  of  cork  with  a  central 
hole  held  between  them,  as  Cagniard  la  Tour  showed,  and  yet  the  same 
aounds  will  be  produced. 


CHAPTER  II. 

OF  SPEfiCH.t 

Besides  the  musical  tones  formed  in  the  larynx,  a  great  number  of 
other  sounds  can  be  produced  in  the  vocal  tube  between  the  glottis  and 
the  external  apertures  of  the  air-passages,  the  combination  of  which 
into  different  groups  to  designate  objects,  properties,  actions,  &c.  consti- 
tutes language.  The  languages  do  not  employ  all  the  sounds  which 
Can  be  produced  in  this  manner,  the  combination  of  some  with  others 
being  often  difficult.     Those  sounds  which  are  easy  of  combination 

*  See  Moncke  in  Gehler^s  Physikal.  Worterb.  viii.  p.  383;  and  Cagniard  la  Tour 
in  Maprendie'e  Journal  de  Physiol,  t.  x. 

"t*  The  authors  who  may  be  consulted  on  the  subject  of  speech  are:  J.  Wallis,  De 
loquela  s.  sonorum  formatione,  in  C.  Amman,  Surdus  loquens.  Lugd.  Bat.  1737. — 
Kratzenstein,  Tentamen  resolvendi  problema  ab  Acad.  Sc.  Petrop.  1780;  propoe. 
Petrop.  4. — Kempelen,  Mechanismus  der  Menschlichen  Sprache  nebat  der  Beschrei- 
bong  seiner  sprechenden  Maschine.  Wien,  1791,  8.~Reitter,  Methodenbuch  sam 
Unterricht  fur  Taubstumme.  Wein,  1838. — Rudolphi,  Phyaiologie. — Chladni,  in 
Gilbert^s  Ann.  1834,  st.  3. — C.  Mayer,  in  MeckeKs  Archiv.  fur  Anat.  u.  Physiol. 
1836.~R.  Willis,  in  Poggendorfs  Annal.  xxiv.  and  Transact,  of  Philoa.  Soc.  of  Cam- 
bridge, vol.  iii. — Heusinger,  in  his  edition  of  Magendie*8  Physiologr.— Porkiftjey 
Badania  w  przedmiocie  fizyologii  mowy  Ludzkiej.  Krak6w,  1836, 8.  (ForeeiMUifHl 
iber  die  Phyaiologie  der  MeDacblJcbeD  Spraohe.    Krakaw,  1886.) 
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enter  for  the  most  part  into  the  formation  of  the  greater  number  of 
languages.  Each  language  contains  a  certain  number  of  such  sounds, 
but  in  no  one  are  all  brought  together.  On  the  contrary,  different  lan- 
guages are  characterised  by  the  prevalence  in  them  of  certain  classes 
of  these  sounds,  while  others  are  less  frequent  or  altogether  absent.  It 
comes  within  the  province  of  physiology  to  investigate  the  natural 
classification  of  the  sounds  of  language.  The  attempts  to  form  a 
natural  system  of  the  articulate  sounds,  instituted  by  grammarians, 
have  been  quite  inadequate  to  the  object,  the  principle  of  classification 
having  been  derived  from  properties  which  are  not  essential.  The  clas- 
sification of  the  sounds  of  articulate  speech,  according  to  the  organs  by 
which  they  are  formed, — for  example,  into  the  labial,  dental,  guttural,  and 
lingual,~is  faulty  when  carried  farther  than  the  distinction  of  the  oral 
and  nasal  sounds;  for  sounds  which  are,  according  to  physiological 
principles,  in  part  quite  different  from  each  other,  are  thus  classed 
together,  and,  moreover,  for  the  formation  of  most  sounds  several  parts 
of  the  mouth  co-operate.  The  distinction  of  the  mutes  and  liquids  is 
in  part  founded  on  correct  principles;  but  the  application  of  these  prin- 
ciples has  been  imperfect.  Even  the  properties  of  the  vowels,  as 
contra-distinguished  from  the  consonants,  have  not  been  properly  esti- 
mated. Their  essential  character  is  usually  considered  to  be  that  they 
are  independent  sounds,  originally  formed  in  the  larynx,  though  modi- 
fied in  the  mouth;  while  consonants  are  not  formed  in  the  larynx,  and 
cannot  be  sounded  perfectly  unless  conjoined  with  a  vowel.  The  dif- 
ference between  vowels  and  consonants  is,  however,  much  less  con- 
siderable than  this;  for  all  vowels,  as  well  as  the  consonants,  can  be 
produced  without  a  vocal  tone,  as  in  whispering;  and,  moreover,  one 
whole  class  of  consonants  can,  as  we  shall  presently  see,  be  uttered 
with  a  vocal  sound  as  well  as  without  this  sound.  The  essential  dif- 
ference between  vowels  and  consonants  is  of  a  very  different  nature. 
A  main  error  in  many  of  the  attempts  at  classification  of  the  articulate 
sounds  has  been  the  failing  to  pay  sufficient  attention  to  the  circum- 
stance of  it  being  possible  to  form  them  without  vocal  tone,  as  in 
whispering;  while  to  recognise  the  essential  properties  of  the  articulate 
sounds  we  must  first  examine  them  as  they  arc  produced  in  whispering, 
and  then  investigate  which  of  them  can  also  be  uttered  in  a  modified 
cliaracter  conjoined  with  vocal  tone.  By  this  procedure  we  find  two 
series  of  sounds:  in  one  the  sounds  are  mute,  and  cannot  be  uttered 
with  a  vocal  tone;  the  sounds  of  the  other  series  can  be  formed  inde- 
pendently of  voice,  but  are  also  capable  of  being  uttered  in  conjunction 
with  it.  Another  important  character  of  some  of  the  articulate  sounds 
is  that  they  are  only  of  momentary  duration,  taking  place  during  a 
sudden  change  in  the  conformation  of  the  mouth,  and  are  not  capable 
of  prolongation  by  a  continued  cfi'usion  of  the  breath  (^^sirepiius  inconr 
iinuus  explosivus^^);  while  others  can  be  prolonged,  ad  libitum^  as 
long  as  a  particular  disposition  of  the  mouth  and  a  constant  expiration 
are  maintained  {^^strepitus  continuus^*).*    All  sounds  of  the  first 

1    *  Kempelen*  in  his  etperiments  on  the  artificial  production  of  articulate  sounds^ 
observed,  that  the  vowel  soonds  were  diitinct  only  when  contrasted  with  each  other; 

59* 
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are  insnsceptible  of  combination  with  vocal  tone  (<<intonation/M 
and  are  absolutely  mute;  nearly  all  the  consonants  of  the  second  kind 
may  be  attended  with  ^intonation.''  Peculiar  modifications  of  the 
sounds  are  thus  produced,  but  the  absolutely  mute  consonants,,  with 
^strepiius  exploaivus*'  may  by  aspiration  be  completely  changed  to 
other  sounds. 

A.  Mute  sauneh  qf  the  whisper. 

I.  Mute  vowels. — All  the  vowels  with  their  nasal  modifications  can 
be  expressed  in  a  whisper  without  vocal  tone.  These  mute  vowel 
sounds  differ,  however,  in  some  measure  as  to  their  mode  of  production 
from  the  conspnants.  All  the  mute  consonants  are  formed  in  the  vocal 
tube  above  the  glottis,  or  in  the  cavity  of  the  mouth  or  nose,  by  the 
mere  rushing  of  the  air  between  surfaces  differently  modified  in  dispo- 
sition. But  the  sound  of  the  vowels,  even  when  mute,  has  its  source 
in  the  glottis,  though  the  vocal  cords  are  not  thrown  into  the  vibrations 
necessary  for  the  production  of  voice;  and  it  seems  to  be  produced  by 
the  passage  of  the  current  of  air  between  the  relaxed  vocal  cords. 
That  the  whispered  vowels  are  formed  at  the  glottis,  and  not  in  the 
mouth,  any  one  may  satisfy  himself  by  experiments  in  his  own  person. 
The  same  sound  can  be  produced  in  the  larynx  when  the  mouth  is 
closed,  the  nostrils  being  open,  and  the  utterance  of  all  vocal  tone 
avoided.  This  sound,  when  the  mouth  is  open,  is  so  modified  ty 
Tsried  form  of  the  oral  cavity  as  to  assume  the  character  of  the  voweb 

The  oral  canal  or  cavity  of  the  mouth  assumes  the  same  form  for  the 
articulation  of  each  of  the  mute  vowels  as  for  the  corresponding  vowel 
when  vocalised;  the  only  difference  in  the  two  cases  lies  in  the  kind  of 
sound  emitted  by  the  larynx. 

II.  Mute  consonants  unth  ^^strepitus  sequaliss.  continuus^  Con' 
tinuous  sounds, — All  consonants  of  this  class  can  be  pronounced  with 
an  uninterrupted  sound,  which  continues  as  long  as  the  expiration  can 
be  prolonged;  the  disposition  of  the  parts  within  the  mouth  remaining 
throughout  as  at  the  commencement  of  the  formation  of  the  sound. 
The  consonants  of  this  kind  are  A,  m^  n,  ngjfy  ch  [as  in  the  Scotch  word 
•'loch,"  or  like  the^A  in  the  word  "light,"  as  pronounced  by  the  Scotch] 
9ch  [equivalent  to  the  English  M,]  ^,  r,  and  /. 

III.  Mute  consonants  with  ^^strepitus  explosivus.*^  Explosive 
sounds. — These  are  the  Greek  ^,  v,  a,  and  their  modifications,  ic,  s,  t» 
They  are  the  explosive  sounds  of  Amman. 

The  organs  of  speech  engaged  in  the  formation  of  these  sounds  un- 
dergo a  sudden  change  of  position  during  their  production;  the  sound 
commences  with  the  closing  of  the  mouth,  and  terminates  with  the 
opening  of  it.  Hence  these  consonants  cannot  be  prolonged  ad  libitum. 
The  sound  ceases  as  soon  as  the  mouth  is  opened. 

1.  Simple  explosive  sounds,  6,  {/,  g  (the  hard  g  or  gamma). 

2.  Aspirate  explosive  sounds,/?,  /,  k. 

and  even  in  the  nataral  voice,  as  Mr.  Willis  observes,  '*  if  any  giyen  Towel  be  pro- 
ImigH  by  einfnngt  it  soon  becomes  impossible  to  distingaish  what  vowel  It  is.**  Tliis 
is  more  reanarkably  the  case  with  many  of  the  ooatisooM  consowii  tlMft  witfi  Iho 
vowels."— TVofMinior. 
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These  are  merely  modifications  of  6«  rf,  g^  produced  by  a  stronger 
aspiration  during  the  opening  of  the  previously  closed  passage  of  the 
mouth.  (This  explanation  was  given  in  my  *<  Grundriss  der  Physio- 
logie,"  in  1827.) 

B.  The  sounds  qf  vocalised  speech. 

In  the  vocalised  speech  some  few  consonants  have  still  merely  the 
character  of  whisper^  sounds,  being  incapable  of  combination  with  any 
Tocal  tone.  Other  consonants  are  in  vocalised  speech  susceptible  of 
two  modes  of  pronunciation,  the  mute  and  the  vocalised.  The  vowels 
have  the  vocal  tone. 

L  Fowels, — The  disposition  of  the  organs  of  speech  is  the  same  for 
the  vocalist  as  for  the  mute  pronunciation  of  the  vowels;  the  vocal  tone 
produced  in  the  larynx  by  the  vibrations  of  the  vocal  cords  is  modified 
m  the  throat,  mouth,  and  oral  opening  into  the  different  vowels.  The 
proper  diphthongs  are  combinations  of  two  vowels.  The  English  t  in 
its  long  sound  is  the  equivalent  of  the  German  diphthong  et,  and  seems 
to  be  really  a  combination  of  two  sounds.  The  sound  of  t  cannot,  like 
a  true  vowel,  be  prolonged  ad  libitum;  but  appears  rather  to  result 
from  the  transition  from  a  peculiar  murmur  to  the  sound  of  e,  just  aa  the 
diphthong  oy  or  oi  results  from  the  transition  from  broad  a  to  e. 

A  peculiar  murmuring  sound  accompanies  several  consonants,  which 
does  not  resemble  any  of  the  vowels.  This  kind  of  intonation  can  be 
produced  either  with  the  mouth  open  or  with  it  closed,  the  nasal  passage 
oeing  in  the  latter  case  open. 

IL  Consonants  which^  in  vocalised  speech^  are  not  accompamed  wUh  a 
vocal  sound, 

1.  The  explosive  6,  d^  g  (y),  and  their  modifications  /?,  t^k.  It  i!l 
^uite  impossible  to  combine  the  sounds  of  these  consonants  with  an  in- 
tonation of  the  voice.  If  it  be  attempted  to  pronounce  them  aloud,  the 
intonation  only  follows  them,  and  the  result  is  the  combination  of  the 
mute  consonant  with  a  vowel.   • 

2.  The  only  continuous  consonant  which  cannot  be  pronounced  in 
combination  with  a  vocal  sound  is  the  aspirate  A.  The  aspiration  of  the 
k  ceases  immediately  that  the  vocal  cords  are  thrown  into  sonorous 
vibrations. 

m.  Consonants  which^  in  vocalised  language^  eon  be  pronounced  either  as 
mute  sounds  or  with  vocal  intonation. — ^Hiose  are  all  of  the  class  of  con- 
tinuous consonants;  namely,^  the  German  chjsch  [the  English shj  and 
French  cAe], «,  r,  /,  m,  n,  ng. 

The  different  sounds  and  tones  of  language  being  dependent  on  cer** 
tain  physical  conditions,  are  of  course  capable  of  imitation  by  artificial 
contrivances.  Some  are  produced  very  easily  in  this  manner,  as  b^ 
which  is  heard  when  the  sound  of  the  voice  is  made  to  pass  into  a 
cylindrical  tube,  before  which  the  hand  is  held  and  then  withdrawn} 
the  German  w  [v]  may  be  formed  in  the  same  way  if  the  tube  be  a 
pipe  with  membranous  tongue.  Experiments  relative  to  the  artificial 
production  of  the  articulate  sounds  have  been  made  by  Kratzenstein^ 
l^mpelen,  and  Mr.  R.  Willis.  They  have  succeeded  in  imitating  a 
great  part  of  the  sounds  used  in  speech.  But  these  speaking-machines 
are  always  to  a  certain  extent  imperfect,  since  every  simple  and  inde- 
pendent MiiDd  uid  consonant  requires  a  special  apparatus;  and  the 
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t!ombination  of  the  different  apparatus  with  a  common  tube  for  the 
supply  of  air,  so  as  to  form  words,  is  exceedingly  difficult.  We  cannot 
be  surprised  also  at  some  birds,  as  the  parrot  and  raven,  being  capable 
of  uttering  articulate  sounds,  since  their  mouth  has  the  same  general 
conformation  with  parts  which  can  act  as  valves.  The  mode  of  articu- 
lating sounds  is,  without  doubt,  learnt  by  these  birds  in  the  same  way 
as  by  the  human  infant.  The  different  sounds  are  first  produced  with- 
out any  order  or  proposed  end;  but,  while  thus  produced,  the  move- 
ments necessary  for  the  formation  of  each  become  impressed  on  the 
sensorium,  and  are  therefore  readily  associated  again  when  the  sound 
which  they  are  calculated  to  give  rise  to  is  heard. 

C.  Ventri/oquitm. — ^The  peculiarity  of  the  particular  mode  of  speaking  which  it  bo 
called,  has  been  supposed  by  some  physiologists,  as  M.  Magendie,  to  consist  merely 
in  the  varied  modification  of  the  sounds  produced  in  the  larynx,  in  imitation  of  the 
modifications  which  voice  ordinarily  suflers  from  distance,  &c.;  by  others  it  is  ima- 
gined to  depend  on  some  common  cause,  which  modifies  all  the  tones  uttered,  foi 
example,  on  the  articulation  taking  place  during  inspiration.  This  last  is  the  view 
generally  taken  of  the  cause  of  ventriloquism.  It  is  certainly  possible  to  articulate 
daring  inspiration,  though  with  difficulty;  and  the  sounds  thus  produced  have  some 
similarity  with  the  tones  of  the  voice  of  the  ventriloquist.  But,  nevertheless,  I  regard 
the  opinion  in  question  as  erroneous;  for  the  sounds  uttered  by  the  ventriloquist  can  be 
perfectly  imitated  much  more  easily  by  another  method,  which  I  am  convinced  mast 
be  adopted  by  the  ventriloquists  themselves.  The  method  to  which  I  allude  consists 
in  inspiring  deeply,  so  as  to  protrude  the  abdominal  viscera  by  the  descent  of  tlie 
diaphragm,  and  then  speaking  while  the  expiration  is  performed  very  slowly  through 
a  very  narrow  glottis  by  means  of  the  lateral  parietes  of  the  thorax  alone,  the  dia- 
phragm maintaining  its  depressed  position.  The  timbre  which  the  voice  hat  in 
tpeaking  during  an  expiration  thus  performed  is  that  peculiar  to  ventriloqaitm. 
Sounds  may  be  tlius  uttered  which  resemble  the  voice  of  a  person  calling  from  a 
distance. 

A  great  part  of  the  art  of  the  ventriloquist,  for  example,  in  imitating  the  voices, 
coming  from  particular  directions,  consists  merely  in  deceiving  other  senses  than 
hearing.  We  never  distinguish  very  readily  the  direction  in  which  sounds  reach  onr 
ear;  and,  when  our  attention  is  directed  to  a  particular  point,  our  imagination  is  very 
apt  to  refer  to  that  point  whatever  sounds  we  may  hear. 

D.  Defective  speech, — The  proper  exercise  of  the  faculty  of  speech  presupposes  the 
possession  of  a  normally-formed  oral  cavity  as  well  as  a  good  sense  of  hearing.  Im- 
perfections of  speech  arise  from  a  want  ot  either  of  these  requisites.  An  opening  in 
the  palate  renders  the  formation  of  some  sounds  impossible,  and  gives  to  the  voice  a 
nasal  timbre;  want  of  teeth  also  renders  the  speech  imperfect.* 

By  want  of  command,  or  loss  of  power  of  the  tongue,  speech  is  rendered  indistinct 
and  unintelligible.  This  is  observed  as  a  temporary  consequence  of  intoxication,  and 
as  a  permanent  result  of  paralysis  of  the  ninth  nerve. 

The  speech  may,  however,  be  imperfect  also  from  the  sounds  not  following  each 
other  as  tiioy  ought  to  do,  though  the  individual  sounds  be  pronounced  perfectly;  such 
it  stammering.  It  consists  in  a  momentary  inability  to  pronounce  a  consonant  or 
vowel,  or  to  connect  it  with  the  preceding  sounds.  This  impediment  may  occur  either 
at  the  commencement  or  in  the  middle  of  a  word.  In  the  latter  case,  the  commence- 
ment of  the  word  is  often  several  times  repeated;  the  part  of  the  word  thus  repeated 
may  end  with  a  vowel,  and  the  dilTiculty  then  consists  in  connecting  with  this  the 
following  consonant;  or  it  may  be  merely  the  commencing  consonant  which  is  repeated, 
and  with  which  the  succeeding  vowel  cannot  be  combined.  The  repetition  of  the 
commencement  of  the  word,  as  Schulthess  rightly  remarks,  is  not  the  essential  con- 
dition of  stammering;  it  is  merely  a  new  attempt  at  overcoming  tho  impediment.  If 
the  consonant  preceding  the  impediment  be  one  of  the  explosive  class,  (6,  (/,  g^  and 
j»,  /,  ^,]f  which  do  not  admit  of  a  continuous  pronunciation  until  the  formation  of  the 
vowel  is  attained,  it  is  more  prone  to  be  frequently  repeated;  thus,  a  person  who  stam- 
mers, says  for  ''  bitter,^^  b-b-b-hilter.     But  if  it  be  a  continuous  consonant,  as  m,  n, 

*  Oa  defects  in  tlie  formation  of  particular  letters,  soo  Kcmpelen  and  SchalthctB,  loc  cit« 
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lif ,/,  y  [the  Gennan  tod  Seoteh  eA,3  M,  r,  A  ot  t,  It  it  not  seeMiarfly  mMfad,  bo* 
cause  the  eoand  of  a  eoDtinaoos  eoMonant  can  be  prolonged  id  Hhitum^  notil  the  Towei 
follows  it;  for  example,  in  the  word  **  laughing."  It  does,  however,  sometimes 
happen  that  the  oontinoons  consonant  is  repeated  in  saoh  a  case,  and  the  word  is  pro* 
Doanced  l-l-M-langhing.  Sometimes  letters  which  do  not  belong  to  the  word  are  in* 
Tolantarily  introdnosd. 

Schulthess  maintaina  that  the  stammering  does  not  arise  from  any  difficulty  in  the 
pronunciation  of  the  consonants,  but  that  the  impediment  attends  the  utterance  of  the 
Towels.  This  view  is  founded  on  good  obeenrations;  but,  though  an  improTement  on 
the  preTious  erroneous  opinions,  it  goes  further  than  facts  justify,  for  the  Towel  is 
often  formed  while  the  following  consonant  cannot  be  combined  with  it.  1  knew  m 
yoonff  man  of  distinguished  mathematioal  attainments,  who  had  preTiously  stammeied 
Tory  badly,  and  in  pronouncing  his  own  name,  was  apt  to  say  Te-tessot  instead  of 
Tessot.  in  many  oases  also  the  impediment  attaches  to  the  first  consonant  of  a  word; 
and  here  lilcewise  the  difficult?  does  not  so  much  depend  on  the  parts  of  the  mouth 
which  are  engaged  in  articulation,  as  on  the  arrest  of  the  passage  of  the  air  necessary 
lor  the  pronunciation  of  a  particular  consonant,  by  the  momentary  closure  of  the  glottis. 
This  closure  of  the  glottis,  the  importsnce  of  which  baa  been  particularly  pointed  ont 
by  Dr.  Amott,*  occurs  only  in  the  attempt  to  articulate  particular  sounds,  by  inTolo»> 
tarr  association,  the  supply  of  air  for  the  articulation  of  other  sounds  not  being  inv- 
peded;  the  syllable  preceding  the  arrest  of  speech  can,  for  ozample,  be  frequently 
rspeated.  The  essential  cause  of  the  impediment  is  alwaya  situated  in  the  glottis^ 
whether  it  be  that  the  Yocal  cords  do  not  give  the  requisite  sound  when  it  is  a  Yowel 
which  is  attempted  to  be  formed,  or  that  me  passage  of  the  air  is  arrested  during  the 
attempt  at  articulation  In  the  mouth.  In  persons  who  stammer  rery  badly,  there  are 
erident  signs  of  the  stnisgle  at  the  glottis,  afforded  by  the  impediment  to  ezpiratioB 
and  by  the  congestion  ofblood  in  the  head  and  reins  of  the  neck.  The  essential  cauaa 
of  stammering  is,  therefore,  elearly  an  unnatural  associate  movement  in  the  larynx  by 
donsent  with  the  movements  of  the  mouth,  or  artioulate  raovementa.  When  the  struff* 

tm  of  stamroerin|r  are  violent,  associate  movements  are  observed  also  in  the  face,  il 
the  eame  condition  as  thai  of  a  person  who  wishes  to  move  one  particular  muscle 
of  his  hoe,  but  on  account  of  association  of  nervous  aetion,  or  defect  of  the  power  of 
intalating  the  nervous  influence,  cannot  do  it  without  distorting  all  his  features.t 

I  agree  entirely  with  Dr.  Amott  and  Schulthess  in  considering  the  immediate  cauao 
of  stammering  to  be  a  spasmodic  affection  of  the  glottis.  This  afieetion  consists  in 
m  momentary  closure  <^  the  aperture,  partly  by  the  approximation  of  the  arytenoid 
cartilages  and  partly  by  the  pressure  of  the  musculi  thyro-arytenoidel,  which  are 
eapable  of  pressing  the  liffaments  of  the  glottis  Into  contact  with  each  other.  It  moat 
be  remembered  aa  a  principle  that  this  momentary  spasm  depends  entirely  on  a  mor- 
bid association  of  the  muscles  of  the  larynx  with  the  movements  of  the  organs  of 
articulation.  The  position  of  the  mouth  for  the  pronunciation  of  b  is  assumed,  and 
the  lips  can  be  separated  in  the  manner  proper  tor  the  utterance  of  the  sound;  but 
when  this  is  done,  or  ousht  to  be  done,  the  breath  is  wanting, — it  is  arrested  at  the 
larynx.  The  natural  indication,  therefore,  for  the  prevention  of  stammering  is  to 
attempt  to  bring  more  under  the  command  of  the  will  the  associations  between  the 
movements  of  articulation  and  the  movements  of  the  larynx.  One  method  of  fulfilling 
this  indication  is  the  singing  of  the  words,  in  which  the  attention  is  directed  more  to 
the  action  of  the  larynx  than  in  ordinary  speaking.  Persons  who  stammer  pronounce 
better  in  singing  than  in  mere  speaking. 

A  too  low  position  of  the  tongue  in  the  mouth  appears  to  favour  stammering.  The 
method  of  treatment  practised  by  Mad.  Leigh  consisted  in  preventing  this  position  of 
the  tongue,  end  in  raising  its  point  towards  the  palate.  The  practice  of  placing  bodiet 
under  the  ton?ue,  which  was  known  to  the  ancients,  tended  to  the  same  object. 

The  method  proposed  by  Dr.  Amott  for  the  cure  of  stsmmering,  whatever  may  be 
the  result  of  its  practice,  is,  at  all  events,  founded  on  a  sound  physiological  view  of 
the  nature  of  the  affection.  **  Had  the  edges  of  the  glottis,'*  says  Dr.  Amott,  **  been 
vlaible,  like  the  external  lips  of  the  mouth,  the  nature  of  stuttering  would  not  so  long 
have  remained  a  mystery.*'    The  giouia  is  repeatedly  closed  in  persons  who  stam- 

*  EHements  of  Phyiict,  vol.  i. 

t  Bes  tlie  remarks  on  associate  nervous  actum  and  associate  movements,  at  pages  533  and 

era 
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mer,  and  the  core  of  the  affection  mast  therefore  be  effected  by  conqneriogr  this  morbid 
tendency  to  closure  by  volantarily  keeping  it  open  as  much  as  possible.  For  this  pur- 
pose Dr.  Arnott  advises  that  the  patient  should  connect  all  his  words  by  an  intonation 
of  the  voice  continued  between  the  different  words,  as  is  done  by  persons  who  speak 
with  hesitation.  This  plan  may  afford  some  benefit^  but  cannot  do  everything;  since 
the  main  impediment  occurs  in  the  middle  of  words  themselves,  and  depends  on  the 
abnormal  association  of  the  movement  of  the  larynx  with  certain  movements  of  arti- 
calation.  Were  I  called  upon  to  advise  a  method  of  treatment  in  a  case  of  stammer- 
ing, 1  would  recommend,  in  addition  to  Dr.  Arnott's  plan,  the  following  procedure: 
I  would  let  the  patient  practise  himself  in  reading  sentences  in  which  all  letters  which 
oannot  be  pronounced  with  a  vocal  sound,  namely  the  explosive  consonants  6,  <f,  g^p^ 
i,  and  Ar,  were  omitted,  and  only  those  consonants  included  which  are  susceptible  of 
an  accompanying  intonation  of  the  voice;  and  I  would  direct  that  all  these  letters 
should  be  pronounced  with  such  a  sound  of  the  yoice,  and  that  their  sound  should  be 
Tery  much  prolonged.  By  this  means  a  mode  of  pronunciation  would  be  attained  in 
which  the  articulation  would  be  constantly  combined  with  vocal isation,  and  the  glottis 
consequently  never  closed.  When  the  stammerer  had  Idng  practised  himself  in  Iceep- 
iDg  the  glottis  open  without  intermission,  even  between  the  words  by  Dr.  Amott*i 
method,  and  in  maintaining  the  glottis  open  during  and  after  the  pronunciation  of 
etery  consonant  capable  of  vocalisation  and  of  the  vowels,  he  might  proceed  to  the 
ninte  and  continuous  consonant  A,  and  the  explosive  sounds  g,  d,  6,  A,  /,  p.  In  soeh 
a  plan  of  treatment,  the  patient  himself  would  perceive  the  principle;  while  the 
orainarjr  method— that  of  Mad.  Leigh— is  mere  groping  in  the  dark,  neither  teaober 
nor  pupil  knowing  the  principle  of  the  procedures.    (See  ScAu/Men,  loc  cit.  p.  166.) 

There  is  a  kind  of  defect  of  speech  essentially  different  from  stammering,  eon* 
aiating  in  a  protracted  intonation  of  the  voice  between  words,  or  the  introduction  of  a 
more  or  less  prolonged  a  or  au,— nasal  vowel  sounds,  or  peculiar  vocal  sounds  mo* 
dified  by  a  jingling  character  between  the  words,  which  themselves  are  correctly 
pronounced;  for  example,  I  .  .  .  a  •  .  .  have.  It  is  like  the  prolonged  vibration  of 
a  musical  instrument  beyond  the  required  duration.  These  sounds  form  and  facilitato 
tiM  transition  from  one  word  to  another,  and  they  may  frequently  be  produced  as  a 
means  of  transition;  although  they,  in  many  instances,  also  arise  from  hesitation  or 
want  of  readiness  of  the  ideas.  This  mode  of  speaking  sometimes  attends  stammer* 
iag«  probably  because  the  impediment  to  the  commencement  of  the  next  word  is 
avoided  by  this  transition  of  sounds. 

The  formation  of  perfect  vocal  tones  presupposes  the  possession  of 
the  sense  of  hearing.  It  is  only  with  the  greatest  labour  that  indivi- 
duals born  deaf  can  learn  to  utter  a  series  of  harsh  sounds.  The  deaf 
and  dumb  owe  their  want  of  speech  to  their  deafness:  they  can  by 
great  labour  learn  the  movements  of  articulation  by  means  of  their 
sight;  but  their  speech  is  never  more  than  a  series  of  harsh  sounds,  not 
adapted  for  human  society,  for  they  want  the  sense  of  hearing  to  regu- 
late their  articulation. 

There  is  no  nearer  medium  of  connection  between  the  faculties  of 
speech  and  hearing  than  the  brain,  and  it  is  not  evident  how  nervous 
communications  could  be  of  service  to  either  organ.  The  connection  of 
the  facial  nerve  with  the  lingual  branch  of  the  fifth  can  have  no  influence 
on  speech  or  hearing;  for  the  facial  nerve  has  nothing  to  do  with  hear- 
ing; the  lini^ual  branch  of  the  fifth  nothing  to  do  with  speech.  The 
nerve  on  which  the  movemejits  of  speech  principally  depend  is  the  ninth 
nerve,  which  supplies  all  the  muscles  of  the  tongue;  the  facial  also  has 
some  share  in  articulation,  at  all  events  as  regards  the  movements  of  the 
lips.  Both  the  last-named  nerves  are  engaged  in  physiognomical 
pression,  since  the  automatic  movements  of  the  features  as  well 
speech  disclose  in  different  ways  what  is  passing  in  the  mind.  Both 
nerves  appear  to  arise  from  the  same  nervous  centre^ — the  olivary  body. 
(See  Heiziusy  Muller's  Jlrchiv.  1836.) 


BOOK  VI 

OP  THE  SENSES. 

PRELIMINARY   COITSIDE RATIONS. 

Ths  senses,  by  virtue  of  the  peculiar  properties  of  their  several 
nerves,  make  us  acquainted  with  the  states  of  our  own  body,  and  they 
also  inform  us  of  the  qualities  and  changes  of  external  nature,  as  far  as 
these  give  rise  to  changes  in  the  condition  of  the  nerves.  Sensation  is 
a  property  common  to  all  the  senses;  but  the  kind,  (^modusy^^)  of  sensa- 
tion is  different  in  each:  thus  we  have  the  sensations  of  light,  of  sound, 
of  taste,  of  smell,  and  of  feeling  or  touch.  By  feeling,  or  touch,  we 
understand  the  peculiar  kind  of  sensation  of  which  the  ordinary  sensitive 
nerves  generally — as,  the  nervus  trigeminus,  vagus,  glosso-pharyngeos, 
and  the  spinal  nerves, — are  susceptible;  the  sensations  of  itching;  of 
pleasure  and  pain,  of  heat  and  cold,  and  those  excited  by  the  act  of 
touch  in  its  more  limited  sense,  are  varieties  of  this  mode  of  sensation. 
That  which  through  the  medium  of  our  senses  is  actually  perceived  by 
the  sensorium,  is  indeed  merely  a  property  or  change  of  condition  of 
our  nerves;  but  the  imagination  and  reason  are  ready  to  interpret  the 
modifications  in  the  state  of  the  nerves  produced  by  external  influences 
as  properties  of  the  external  bodies  themselves.  This  mode  of  regarding 
sensations  has  become  so  habitual  in  the  case  of  the  senses  which  are 
more  rarely  affected  by  internal  causes,  that  it  is  only  on  reflection  that 
we  perceive  it  to  be  erroneous.  In  the  case  of  the  sense  of  feeling  or 
touch,  on  the  contrary,  where  the  peculiar  sensations  of  the  nerves  per- 
ceived by  the  sensorium  are  excited  as  frequently  by  internal  as  by 
external  causes,  it  is  easily  conceived  that  the  feeling  of  pain  or  pleasure, 
for  example,  is  a  condition  of  the  nerves,  and  not  a  property  of  the  things 
which  excite  it.  This  leads  us  to  the  consideration  of  some  general  laws, 
a  knowledge  of  which  is  necessary  before  entering  on  the  physiology  of 
the  separate  senses. 

I.  In  the  first  place,  it  must  be  kept  in  mind  that  external  agencies 
can  give  rise  to  no  kind  of  sensation  which  cannot  also  be  produced 
by  internal  causesy  exciting  changes  in  the  condition  of  our  nerves. 

In  the  case  of  the  sense  of  touch,  this  is  at  once  evident.  The  sen- 
sations of  the  nerves  of  touch  (or  common  sensibility)  are  those  of  cold 
and  heat,  pain  and  pleasure,  and  innumerable  modifications  of  these, 
which  are  neither  painful  nor  pleasurable,  but  yet  have  the  same  kind 
of  sensation  as  their  element,  though  not  in  an  extreme  degree.  All  these 
sensations  are  constantly  being  produced  by  internal  causes  in  all  parts 
of  oar  body  endowed  with  sensitive  nerves;  they  may  also  be  excited 
hf  ieaoiee  acting  firom  without,  but  external  agencies  are  not  capable  of 
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adding  any  new  element  to  their  nature.  The  sensations  of  the  nerves 
of  touch  are  therefore  states  or  qualities  proper  to  themselves,  and 
merely  rendered  manifest  by  exciting  causes  external  or  internal.  The 
sensation  of  smell  also  may  be  perceived  independently  of  the  appli- 
cation of  any  odorous  substance  from  without,  the  nerve  of  smell  being 
thrown  by  an  internal  cause  into  the  condition  requisite  for  the  produc- 
tion of  the  sensation.  This  perception  of  the  sensation  of  odours  without 
an  external  exciting  cause,  though  not  of  frequent  occurrence,  has  been 
many  times  observed  in  persons  of  an  irritable  nervous  system;  and  the 
sense  of  taste  is  probably  subject  to  the  same  affection,  although  it  would 
always  be  difficult  to  determine  whether  the  taste  might  not  be  owing  to 
a  change  in  the  qualities  of  the  saliva  or  mucus  of  the  mouth;  the  sen- 
sation of  nausea,  however,  which  belongs  to  the  sensations  of  taste,  is 
certainly  very  oAen  perceived  as  the  result  of  a  merely  internal  affection 
of  the  nerves.  The  sensations  of  the  sense  of  vision,  namely  colour, 
light,  and  darkness,  are  also  perceived  independently  of  alt  external 
exciting  cause.  In  the  state  of  the  most  perfect  freedom  from  excite- 
ment, the  opti<5  nerve  has  no  other  sensation  than  that  of  darkness. 
The  excited  condition  of  the  nerve  is  manifested,  even  while  the  eyes 
are  closed,  by  the  appearance  of  light,  or  luminous  flashes,  which  are 
mere  sensations  of  the  nerve,  and  not  owing  to  the  presence  of  any 
matter  of  light,  and  consequently  are  not  capable  of  illuminating  any 
surrounding  objects.  Every  one  is  aware  how  common  it  is  to  see 
bright  colours  while  the  eyes  are  closed,  particularly  in  the  morning 
when  the  irritability  of  the  nerves  is  still  considerable.  These  phe- 
nomena are  very  frequent  in  children  after  waking  from  sleep.  Through 
the  sense  of  vision,  therefore,  we  receive  from  external  nature  no  im- 
pressions which  we  may  not  also  experience  from  internal  excitemeqt 
of  our  nerves;  and  it  is  evident  that  a  person  blind  from  infancy  ui 
consequence  of  opacity  of  the  transparent  media  of  the  eye,  must  have 
a  perfect  internal  conception  of  light  and  colours,  provided  the  retina 
and  optic  nerve  be  free  from  lesion.  The  prevalent  notions  with  regard 
to  the  wonderful  sensations  supposed  to  be  experienced  by  persons  blind 
from  birth  when  their  sight  is  restored  by  operation,  are  exaggerated 
and  incorrect.  The  elements  of  the  sensation  of  vision,  namely  the 
sensations  of  light,  colour^  and  darkness,  must  have  been  previously  as 
well  known  to  such  persons  as  to  those  of  whom  the  sight  has  always 
been  perfect.  If,  moreover,  we  imagine  a  man  to  be  from  his  birth 
surrounded  merely  by  external  objects  destitute  of  all  variety  of  colours, 
flo  that  he  could  never  receive  the  impressions  of  colours  from  without, 
it  is  evident  that  the  sense  of  vision  might  nevertheless  have  been  no 
less  perfect  in  him  than  in  other  men;  for  light  and  colours  are  innate 
endowments  of  his  nature,  and  require  merely  a  stimulus  to  render 
them  manifest. 

The  sensations  of  hearing  also  are  excited  as  well  by  internal  as  by 
external  causes;  for,  whenever  the  auditory  nerve  is  in  a  state  of  excite- 
ment, the  sensations  peculiar  to  it,  as  the  sounds  of  ringing,  humming, 
&c.  are  perceived.  It  is  by  such  sensations  that  the  diseases  of  the 
auditory  nerve  manifest  themselves;  and,  even  in  l^s  grave  transient 
affections  of  the  nervous  system,  the  sensations  of  humming  aiul  ringing 
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in  the  ears  afford  evidoDce  that  the  sense  of  hearing  psurticipates  in  the 
disturbance. 

No  further  proof  is  wanting  to  show,  that  external  influences  givei 
rise  in  our  senses  to  no  other  sensations,  than  those  which  may  be  ex- 
cited in  the  corresponding  nerves  by  internal  causes. 

II.  77^  same  internal  cauee  excitee  in  the  different  senses  d^ffetaU  sensth 
tions;'^n  each  sense  the  sensations  peculiar  to  it. 

One  uniform  internal  cause  acting  on  all  the  nerves  of  the  senses  in, 
the  same  manner,  is  the  accumulation  of  blood  in  the  capillary  vessels 
of  the  nerve,  as  in  congestion  and  inflammation.  This  uniform  cause 
excites  in  the  retina,  while  the  eyes  are  closed,  the  sensation  of  light 
and  luminous  flashes;  in  the  auditory  nerve,  humming  and  ringing 
sounds;  and  in  the  nerves  of  feeling,  the  sensation  of  pain.  In  the  same 
way,  also,  a  narcotic  substance  introduced  into  the  blood  excites  in  the 
nerves  of  each  sense  peculiar  symptoms;  in  the  optic  nerves  the  appear- 
ance of  luminous  sparks  before  the  eyes;  in  the  auditory  nerves,  "  tin- 
nitus aurium;"  and  in  the  common  sensitive  nerves  the  sensation  of  ant^ 
creepins  over  the  surface. 

III.  7%e  same  external  cause  also  gives  rise  to  different  sensations  in  e^cA 
sense^  according  to  the  special  endowments  of  its  nerve. 

The  mechanical  influence  of  a  blow,  concussion,  or  pressure  excites, 
for  example,  in  the  eye  the  sensation  of  light  and  colours.  It  is  well 
):own  that  by  exerting  pressure  upon  the  eye,  when  the  eyelids  are 
closed,  we  can  give  rise  to  the  appearance  of  a  luminous  circle;  by  more 
gentle  pressure  the  appearance  of  colours  may  be  produced,  and  one 
colour  may  be  made  to  change  to  another.  Children,  waking  from  sleep 
before  daylight,  frequently  amuse  themselves  with  these  phenomena. 
The  light  thus  produced  has  no  existence  external  to  the  optic  nerve, 
it  is  merely  a  sensation  excited  in  it.  However  strongly  we  nress  upon 
the  eye  in  the  dark,  so  as  to  give  rise  to  the  appearance  of  luminous 
flashes,  these  flashes,  being  merely  sensations,  are  incapable  of  illumi- 
nating external  objects.  Of  this  any  one  may  easily  convince  himself 
by  experiment.  I  have  in  repeated  trials  never  been  able,  by  means  of 
these  luminous  flashes  in  the  eye,  to  recognise  in  the  dark  the  nearest 
objects,  or  to  see  them  better  than  before;  nor  could  another  person, 
while  I  produced  by  pressure  on  my  eye  the  appearance  of  brilliant 
flashes,  perceive  in  it  the  slightest  trace  of  real  light.     (See  page  95.) 

The  supposed  emission  of  light  by  the  eyes  of  animals  has  been 
already  discussed  in  the  Prolegomena,  page  95.  It  is  not,  d  priori, 
contrary  to  known  laws,  to  suppose  that  the  nerves  of  animals  may  de- 
Telope  luminous  matter;  and  since  we  have  in  the  retina  of  the  eye  an 
opportunity  which  we  have  nowhere  else,  of  observing  a  nerve  through 
transparent  media  without  inflicting  any  injury  on  the  animal,  it  would 
be  here  that  such  a  phenomenon  would  be  be^st  observed.  Tlie  fact  ot 
light  being  developed  by  the  retina  and  nerves,  even  were  it  proved  by 
experiment,  would  not,  however,  influence  the  explanation  of  the  ap- 
pearance of  light  produced  in  the  eye  by  internal  causes. 

A  mechanical  influence  excites  also  peculiar  sensations  of  the  auditory 
nerve;  at  all  events,  it  has  become  a  common  saying,  <Mo  give  a  person 
what  will  make  his  ears  ring,''  or  **  what  will  make  his  eyes  flash 
60 
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fire/'  or  ^  what  will  make  him  feel;"  so  that  the  same  cause,  a  blow, 
produces  in  the  nerves  of  hearing,  sight,  and  feeling,  the  different  sensa- 
tions proper  to  these  senses.  It  has  not  become  a  part  of  common  lan- 
guage that  a  blow  shall  be  given  which  will  excite  the  sense  of  smell, 
or  of  taste;  nor  would  such  sayings  be  correct;*  yet  mechanical  irrita- 
tion of  the  soft  palate,  of  the  epiglottis  and  root  of  the  tongue,  excites 
the  sensation  of  nausea.  The  action  of  sonorous  bodies  on  the  organ 
of  hearing  is  entirely  mechanical.  A  sudden  mechanical  impulse  of 
the  air  upon  the  organ  of  hearing  produces  the  sensation  of  a  report  of 
different  degrees  of  intensity  according  to  the  violence  of  the  impulse, 
just  as  an  impulse  upon  the  organ  of  vision  gives  rise  to  the  sensation 
of  light.  If  the  action  of  the  mechanical  cause  on  the  organ  of  hearing 
be  of  continued  duration,  the  sound  is  also  continued;  and  when  cansed 
by  a  rapid  succession  of  uniform  impulses,  or  vibrations,  it  has  a  musical 
character.  If  we  admit  that  the  matter  of  light  acts  on  bodies  by 
mechanical  oscillation,  (the  undulation  theory,)  we  shall  have  another 
example  of  a  mechanical  influence,  producing  different  effects  on  differ- 
ent senses.  These  undulations,  which  produce  in  the  eye  the  sensation 
of  light,  have  no  such  effect  on  other  senses;  but  in  the  nerves  of  feeling 
they  produce  the  sensation  of  warmth.t 

The  stimulus  of  electricity  may  serve  as  a  second  example,  of  a  uni- 
form cause  giving  rise  in  different  nerves  of  sense  to  different  sensations. 
A  single  pair  of  plates  of  different  metals  applied  so  as  to  include  the 
eye  within  the  circle,  excites  the  sensation  of  a  bright  flash  of  light 
when  the  person  experimented  upon  is  in  a  dark  room;  and,  even  though 
the  eye  do  not  lie  within  the  circle,  if  it  be  not  distant  from  it, — as,  for 
example,  when  one  of  the  plates  is  applied  to  one  of  the  eyelids,  and  the 
other  to  the  interior  of  the  mouth, — the  same  effect  will  be  produced, 
owing  to  a  part  of  the  current  of  electricity  being  diverted  to  the  eye. 
A  more  intense  electric  stimulus  gives  rise  to  more  intense  sensations 
of  light.  In  the  organ  of  hearing,  electricity  excites  the  sensation  of 
sound.  Volta  states  that,  while  his  ears  were  included  between  the 
poles  of  a  battery  of  forty  pairs  of  plates,  he  heard  a  hissing  and  pulsa- 
tory sound,  which  continued  as  long  as  the  circle  was  closed.  {Philoa, 
Transact.  IfciOO,  p.  427.)  Ritter  perceived  a  sound  like  that  of  the  fiddle 
G  at  the  moment  of  the  closure  of  the  galvanic  circle. 

The  electricity  of  friction,  developed  by  the  electrical  machine,  ex- 
cites in  the  olfactory  nerves  the  odour  of  phosphorus.  The  application 
of  plates  of  different  metals  to  the  tongue,  gives  rise  to  an  acid  or  a 
saline  taste,  according  to  the  length  of  the  plates  which  are  applied 

*  The  influence  of  mechanical  acrency  in  excilinor  the  nerve  of  taste  to  its  pecaliar 
reaction  may  be  made  quite  perceptible;  but  the  stimulus  must  be  applied  in  a  parti- 
cular manner.  If  the  end  of  the  fingpr  be  made  to  strike  quickly,  but  lightly,  the  sur- 
face of  the  tongue  at  its  tip,  or  its  edge  near  the  tip,  so  as  to  affect  not  the  substance 
of  the  organ,  but  merely  the  papillae,  a  taste  sometimes  acid,  sometimes  saline,  like 
the  taste  produced  by  electricity,  will  be  distinctly  perceived.  The  sensation  of  taste 
thus  induced  will  sometimes  continue  several  seconds  after  the  application  of  the 
mechanical  stimulus. — 'PramltUor, 

t  According  to  the  generally  received  doctrines  of  physics,  the  heating  power  of 
light  is  due  to  calorific  rays  distinct  from  those  which  produce  the  eeDUiiootf  of  light 
■nd  colours  in  the  eye. 
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one  above,  and  the  other  beneath  the  tongiie.  The  facts  detailed 
with  regard  to  the  other  senses  are  sufficient  to  show  that  these  latter 
phenomena  cannot  be  attributed  to  decomposition  of  the  salts  of  the 
saliva. 

The  effects  of  the  action  of  electricity  on  the  nerves  of  common  sen- 
sation or  feeling,  are  neither  the  sensation  of  light,  of  sound,  of  smell, 
nor  of  taste,  but  those  proper  to  the  nerves  of  feeling,  namely,  the  sen- 
sations of  pricking,  of  a  blow,  &a 

Chemical  influences  also  probably  produce  different  effects  on  different 
nerves  of  sense.  We  have,  of  course,  but  few  facts  illustrating  their 
action  on  these  nerves;  but  we  know  that  in  the  sensitive  nerves  of  the 
skin  they  excite  the  different  kinds  of  common  sensation, — as  the  sen- 
sations of  burning,  pain,  and  heat;  in  the  organ  of  taste,  sensations  of 
taste;  and,  when  volatile,  in  the  nerves  of  smell,  the  sensations  of 
odours.  Without  the  infliction  of  great  injury  on  the  textures,  it  is  im- 
possible to  apply  chemical  agents  to  the  nerves  of  the  higher  senses,  sight 
and  hearing,  except  through  the  medium  of  the  blood.  Chemical  sub- 
stances introduced  into  the  blood  act  on  every  nerve  of  sense,  and  excite 
in  each  a  manifestation  of  its  properties.  Hence  the  internal  sensations 
of  light  and  sound,  which  are  well  known  to  result  from  the  action  of 
narcotics. 

IV.  The  peculiar  sensations  of  each  nerve  of  sense  can  be  excited  by 
several  distinct  causes  internal  and  external. 

The  facts  on  which  this  statement  is  founded,  have  been  already 
mentioned;  for  we  have  seen  that  the  sensation  of  light  in  the  eye  is 
excited: 

1.  By  the  undulations  or  emanations  which  from  their  action  on  the 
eye  are  called  light,  although  they  have  many  other  actions  than  this; 
for  instance,  they  efiect  chemical  changes,  and  are  the  means  of  main- 
taining the  organic  processes  in  plants. 

2.  By  mechanical  influences;  as  concussion,  or  a  blow. 

3.  By  electricity. 

4.  By  chemical  agents,  such  as  narcotics,  digitalis,  &c.  which,  being 
absorbed  into  the  blood,  give  rise  to  the  appearance  of  luminous  sparks, 
ftc  before  the  eyes  independentlyof  any  external  cause. 

5.  By  the  stimulus  of  the  blood  in  the  state  of  congestion. 
The  sensation  of  sound  may  be  excited  in  the  auditory  nerve: 

1.  By  mechanical  influences,  namely,  by  the  vibrations  of  sonorous 
bodies  imparted  to  the  organ  of  hearing  through  the  intervention  of 
media  capable  of  propagating  them. 

2.  By  electricity. 

3.  By  chemical  influences  taken  into  the  circulation;  such  as  the  nar- 
cotics, or  alterantia  nervina. 

4.  By  the  stimulus  of  the  blood. 

The  sensation  of  odours  may  be  excited  in  the  olfactory  nerves: 

1.  By  chemical  influences  of  a  volatile  nature, — odorous  substances. 

2.  By  electricity. 

The  sensation  of  taste  may  be  produced: 

1.  By  chemical  influences  acting  on  the  gustatory  nerves  either  from 
Without  or  through  the  medium  of  the  blood;  for,  according  to  Magendie, 
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dogs  taste  milk  injected  into  their  blood-yessels^  and  begin  to  lap  with 
Iheir  tongue. 

2.  By  electricity. 

3.  By  meclianidtl  influences;  for  we  must  refer  to  taste  the  sensation 
of  nausea  produced  by  mechanically  irritating  the  velum  palati,  epiglot- 
tis, and  root  of  the  tongue. 

The  sensations  of  the  nerves  of  touch  or  feeling  are  excited: 

1.  By  mechanical  influences;  as  sonorous  vibrations,  and  contact  of 
any  kind. 

2.  By  chemical  influences. 

3.  By  heat. 

4.  By  electricity. 

5.  By  the  stimulus  of  the  blood. 

Y.  SenMtion  connats  in  the  amsorium  reeeiving  through  the  medium  of 
the  nervesy  and  as  the  result  of  the  action  of  an  external  cause^  a  knowledge 
of  certain  qualities  or  conditions,  not  of  external  bodies,  but  of  the  nerves  of 
^ense  themselves;  and  these  qualities  of  the  nerves  of  sense  are  in  all  different, 
ike  nerve  of  each  sense  having  its  own  peculiar  quality  or  energy. 

The  special  susceptibility  of  the  different  nerves  of  sense  for  certain  influences,-- 4S 
■of  the  optic  nerve  for  light,  of  the  auditory  nerve  for  vibrations,  and  so  on, — vras  for- 
merly attributed  to  these  nerves  havinf;  each  a  specific  irritability.  But  this  hypothesis 
is  evidently  insufficient  to  explain  all  the  facts.  The  nerves  of  the  senses  have  assn- 
Miy  a  specific  irritability  for  certain  influences;  for  many  stimuli,  which  exert  a 
violent  action  upon  one  organ  of  sense,  have  little  or  no  effect  upon  another:  for  exmm- 
pie,  light,  or  vibrations  so  infinitely  rapid  as  those  of  light,  act  only  on  the  nenret  of 
vision  and  common  sensation;  slower  vibrations,  on  the  nerves  of  hearing  and  common 
tonsation,  but  not  upon  those  of  vision;  odorous  substances  only  upon  the  olfactory 
nerves.  The  external  stimuli  must  therefore  be  adapted  to  the  organ  of  sense — meat 
hB  **  homngeneoQs:"  thus  light  is  the  stimulus  adapted  to  the  nerve  of  vision;  virhile 
vMirttions  of  less  rapidity,  which  act  upon  the  auditory  nerve,  are  not  adapted  to  the 
optic  nerve,  or  are  indifferent  to  it;  for,  if  the  eye  be  touched  with  a  tuning-fork  while 
vibrating,  a  sensation  of  tremors  is  excited  in  the  conjunctiva,  but  no  sensation  of  light. 
We  have  seen,  however,  that  one  and  the  same  stimulus,  as  electricity,  will  produce 
different  sensations  in  the  different  nerves  of  the  senses;  all  the  nerves  are  susceptible 
of  its  action,  but  the  sensations  in  all  are  different.  The  same  is  the  case  with  other 
stimuli,  as  chemical  and  mechanical  influences.  The  hypothesis  of  a  specific  irrita- 
bility of  the  nerves  of  the  senses  for  certain  stimuli,  ia  therefore  insufficient;  and  we 
are  compelled  to  ascribe,  with  Aristotle,  peculiar  energies  to  each  nerve, — energies 
which  are  vital  <)iialities  of  the  nerve,  just  as  contractility  is  the  vital  property  of  mus- 
cle. The  truth  of  this  has  been  rendered  more  and  more  evident  in  recent  times  by 
the  investigation  of  the  so-called  *' subjective"  phenomena  of  the  senses  by  Elliot, 
Darwin,  Ritter,  Goethe,  Purkinje,  and  Hjort.  Those  phenomena  of  the  senses,  namely, 
are  now  styled  *' subjective,"  which  are  produced,  not  by  the  usual  stimulus  adapted 
to  the  particular  nerve  of  sense,  but  by  others  which  do  not  usually  act  upon  it.  These 
important  phenomena  were  long  spoken  of  as  **  illusions  of  the  senses,**  and  have  been 
regarded  in  an  erroneous  point  of  view;  while  they  are  really  true  actions  of  the  senses, 
and  must  be  studied  as  fundamental  phenomena  in  investigations  into  their  nature. 

The  sensation  of  sound,  therefore,  is  the  peculiar  "energy"  or  "quality"  of  the 
auditory  nerve;  the  sensation  of  light  and  colours  that  of  the  optic  nerve;  and  so  of  the 
other  nerves  of  sense.  An  exact  analysis  of  what  takes  place  in  the  production  of  a 
sensation  would  of  itself  have  led  to  this  conclusion.  The  sensations  of  heat  and  cold, 
for  example,  make  us  acquainted  with  the  existence  of  the  imponderable  matter  of 
(»loric,  or  of  peculiar  vibrations  in  the  vicinity  of  our  nerves  of  feeling.  But  the  na- 
tore  of  this  caloric  cannot  be  elucidated  by  sensation,  which  is  in  reality  merely  a 
particular  state  of  our  nerves;  it  roust  be  learnt  by  the  study  of  the  physical  properties 
«f  this  agent,  namely,  of  the  laws  of  its  radiation,  its  development  from  the  latent 
atnte,  its  property  of  combining  with  and  producing  expansion  of  other  bodies,  &c. 
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All  this  a|[ain,  howeTer,  does  not  eiplain  the  peculiarity  of  the  sensation  of  wannth 
as  a  condition  of  the  nenree.  The  simple  fact  devoid  of  all  theory  is  this,  that  warmth, 
as  a  sensation,  is  produced  whenever  the  matter  of  caloric  acts  upon  the  nerves  of  feel- 
ing; and  that  cold,  as  a  sensation,  results  from  this  matter  of  caloric  being  abstracted 
from  a  nerve  of  feelinor. 

So,  also,  the  sensation  of  soand  is  prodaeed  when«  certain  number  of  iropolses  or 
Tibrations  are  imparted,  within  a  certain  time,  to  the  auditory  nerve:  but  sound,  as  we 
perceive  it,  is  a  very  different  thing  from  a  succession  of  vibrations.  The  vibrations 
of  a  tuning-fork,  which  to  the  ear  give  the  impression  of  sound,  produce  In  a  nerve  of 
feeling  or  touch  the  sensation  of  tickling;  something  besides  the  vibrations  most  eon- 
se()oently  bo  necessary  for  the  production  of  the  sensation  of  sound,  and  that  some- 
thing is  possessed  by  the  auditory  nerve  alone.  Vision  is  to  be  regarded  in  the  same 
manner. 

^  The  essential  nature  of  these  conditions  of  the  nerves,  by  virtue  of  which  they  see 
light  and  hear  sound,— the  essential  nature  of  sound  as  a  property  of  the  auditory 
nerve,  and  of  light  as  a  property  of  the  optic  nerve,  of  taste,  of  smell,  and  of  feeling,— 
remains,  like  the  ultimate  causes  of  natural  phenomena  generally,  a  problem  incapable 
of  solution. 

The  accuracy  of  our  discrimination  by  means  of  the  senses  depends  on  the  diflerent 
manner  in  which  the  conditions  of  our  nerves  are  affected  by  dinerent  bodies;  but  the 
preceding  considerations  show  us  the  impossibility  that  our  senses  can  ever  reveal  to 
as  the  true  nature  and  essence  of  the  material  world.  In  our  intercourse  with  eztemai 
natore  it  is  always  our  own  sensations  that  we  become  acquainted  with,  and  from  them 
we  form  conceptions  of  the  properties  of  external  objects,  which  may  be  relatively 
correct;  but  we  can  never  submit  the  nature  of  the  objects  themselves  to  that  immediate 
perception  to  which  the  states  of  the  different  parts  of  our  own  body  are  subjected  in 
the  sensorinra. 

YL  TTu  nerve  of  each  sense  seems  to  he  capable  of  one  determinate  kind 
of  sensation  on/y,  and  not  of  those  proper  to  the  other  organs  of  sense;  hence 
one  nerve  of  sense  cannot  take  the  place  and  perform  the  fitnction  of  the  nerve 
of  another  sense. 

The  sensation  of  each  organ  of  sense  may  be  increased  in  intensity 
till  it  becomes  pleasurable,  or  till  it  becomes  disagreeable,  without  the 
specific  nature  of  the  sensation  being  altered,  or  converted  into  that  of 
another  organ  of  sense. 

With  respect  to  the  sense  of  smell,  it  is  evident  that  Magendie  was 
deceived  in  ascribing  the  power  of  distinguishing  odours  to  the  nasal 
branches  of  the  fifth  nerve,  after  the  destruction  of  the  olfactory  nerves; 
since  the  stimuli  which  he  applied— for  instance,  acetic  acid,  liquor 
ammomce,oil  of  lavender,  and  oil  of  dippel, — are  themselves  strong  ex- 
citants of  the  common  sensibility  of  the  mucous  membrane.  (Eschrichtf 
Magendie* s  Journal  de  PhysioL  t.  vi.  p.  339.)  In  ail  accurately  ob- 
served cases  of  absence  of  the  olfactory  nerves,  the  true  sense  of  smell 
has  been  wanting.    {Eschrichtf  lac.  cit.) 

No  one  can  deny  the  possibility  of  the  optic  nerves  influencing  the 
nerves  of  the  other  senses,  to  the  extent  in  which  one  nerve  can  act  on 
another,  through  the  medium  of  the  brain.  What  an  extensive  afiiee- 
tion  of  the  nerves  is  seen  in  neuralgia!  what  manifold  disturbances  of 
the  organs  of  sense  result  from  a  nervous  condition  \vhich  has  its  source 
in  the  viscera  of  the  abdomen!  How  common  in  such  cases  are  imper^ 
fection  of  vision,  noises  in  the  ears,&c.!  although  it  is  certain  that  much 
which  is  laid  to  the  score  of  the  abdomen  has  a  much  deeper  source, 
namely,  irritation  of  the  spinal  cord. 

It  is  thus,  also,  that  we  must  regard  the  sjrmpathy  of  the  optic  nerve 
with  the  frontal  branch  of  the  fifUi,  and  those  cases  of  amaurosis  ob» 
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mrvei  to  follow  iDJnry  of  the  frontal  nerve;  though  it  would  perhaps 
be  more  correct  to  explain  such  affections,  which  according  to  my  expe- 
rience are  now  but  rarely  seen,  as  the  result  of  concussion  of  the  eye 
and  optic  nerve  produced  by  a  blow  on  the  forehead. 

Among  the  well-attested  facts  of  physiology,  again,  there  is  not  one 
to  support  the  belief  that  one  nerve  of  sense  can  assume  the  functions 
of  another.  The  exaggeration  of  the  sense  of  touch  in  the  blind  will 
not  in  these  days  be  called  seeing  with  the  fingers;  the  accounts  of  the 
power  of  vision  by  the  fingers  and  epigastrium,  said  to  be  possessed  in 
•the  so-called  magnetic  state,  appear  to  be  mere  fables,  and  the  instances 
in  which  it  has  been  pretended  to  practise  it,  cases  of  deception.  The 
nerves  of  touch  are  capable  of  no  other  sensation  than  that  of  touch  or 
feeling.  Hence,  also,  no  sounds  can  be  heard  except  by  the  auditory 
nerve;  the  vibrations  of  bodies  are  perceived  by  the  nerves  of  touch  as 
mere  tremours,  a  sensation  wholly  different  in  its  nature  from  sound; 
though  it  is  indeed  even  now  not  rare  for  the  different  modes  of  acUon 
of  the  vibrations  of  bodies  upon  the  sense  of  hearing,  and  upon  that  of 
fteling,  to  be  confounded.  Without  the  organ  of  hearing  with  its  vital 
endowments,  there  would  be  no  such  a  thing  as  sound  in  the  world, 
but  merely  vibrations;  without  the  oi^an  of  sight,  there  would  be  no 
light,  colour,  nor  darkness,  but  merely  a  corresponding  presence  or 
absence  of  the  oscillations  of  the  imponderable  matter  of  light. 

VII.  It  ia  not  known  whether  the  essential  cause  of  the  peculiar  **  energy" 
of  each  nerve  of  sense  is  seated  in  the  nerve  itself  or  in  the  parts  of  the  brain 
and  spinal  cord  with  which  it  is  connected;  bat  it  is  certain  that  the  central 
portions  of  the  nerves  included  in  the  encephalonare  susceptible  of  their  peeur 
liar  sensations^  independently  of  the  more  peripheral  portion  of  the  nervous 
eords  which  form  the  means  y  communication  with  the  external  organs  of 
sense. 

Till.  Tlie  immediate  objects  of  the  perception  of  our  senses  are  merdy 
particular  states  induced  in  the  nerves ^  and  felt  as  sensations  either  by  the 
nerves  themselves  or  by  the  sensorium;  but  inasmuch  as  the  nerves  y  the 
senses  are  material  bodies,  and  therefore  participate  in  the  properties  of  mat- 
ter generally,  occupying  space,  being  susceptible  of  vibratory  motion,  and 
eapable  of  being  changed  chemically  as  well  as  try  the  action  of  heat  and 
electricity,  they  make  known  to  the  sensorium,  by  virtue  of  the  changes  thus 
.produced  in  them  by  exterrud  causes,  not  merely  their  oum  condition,  but  also 
properties  and  clianges  of  condition  of  external  bodies.  The  information 
thus  obtained  by  the  senses  concerning  external  nature,  varies  in  each  sense^ 
having  a  relation  to  the  qucdities  or  energies  of  the  nerve. 

Qualities  which  are  to  be  regarded  rather  as  sensations  or  modes  of 
reaction  of  the  nerves  of  sense,  are  light,  colour,  the  bitter  and  sweet 
tastes,  pleasant  and  unpleasantodours,  painful  and  pleasant  impressions 
on  the  nerves  of  touch,  cold  and  warmth:  properties  which  may  belong 
wholly  to  external  nature  are  ^'extension,''  progressive  and  tremulous 
nu)tion,  and  chemical  change. 

The  sense  of  touch  has  a  much  more  extended  sphere  of  action  for 
the  perception  of  space  than  has  the  sense  of  vision;  but  its  perception 
of  this  quality  of  external  bodies  is  much  less  accurate,  and  consider- 
able portions  of  the  surface  of  the  body  or  skin  are  in  many  instances 
represented  in  the  sensorium  by  very  {ew  nervous  fibres;  hence,  in 


THEIR  ACTIOir  WTTB  mXOAmi)  TO  BZTXKHAL  9ATURX.  715 

manjr  parts  of  the  surface,  impressions  on  two  points  considerably 
removed  from  each  other  are,  as  £.  H.  Weber  has  shown,  felt  as  one 
impression.  Although  the  senses  of  vision,  touch,  and  taste  are  all 
capable  of  perceiving  the  property  of  extension  in  space,  yet  the  quality 
of  the  sensations  which  give  the  conception  of  extension  is  different 
in  each  of  tiiese  senses;  the  sensation  in  one  is  an  image  of  which  the 
aaseotial  quality  is  light;  in  another,  a  perception  of  extension  with  any 
of  the  modifications  of  the  quality  of  touch,  between  pain,  cold,  heat, 
and  pleasure;  in  the  third,  a  perception  of  extension  with  the  quality  of 
taste. 

The  distribution  of  nerves  of  common  sensation  throughout  the  entire 
mass  of  tlie  limbs,  indeed  throughout  most  parts  of  our  body,  gives  to 
our  sense  of  touch  the  faculty  of  distinguishing  the  extension  of  our 
own  body  in  all  its  dimensions;  for  each  point  in  which  a  nervous  fibre 
terminates  is  represented  in  the  sensorium.  Collision  with  other  bodies 
also,  if  forcible  enough,  may  excite  sensation  to  a  certain  depth  in  the 
mass  of  our  body,  and  produce  the  perception  of  contusion  in  all  the 
dimensions  of  the  ^cube.'^  Usually,  however,  the  three  senses  which 
make  us  acquainted  with  the  space  occupied  by  bodies,  submit  to  our 
perception  the  property  of  superficial  extension  only,  owing  to  the  ex- 
citing causes  acting  only  on  the  sentient  surfaces.  The  sense  of  touch 
has,  however,  here  this  advantage  over  the  sense  of  vision,  that  the 

Sarts  endowed  with  it  can  be  made  to  embrace  a  body  in  several 
irection^  and  although  the  sensation  even  then  affords  essentially  only 
a  perception  of  superficial  extension,  namely  of  that  of  the  suiAce  of 
our  body  corresponding  to  the  surfaces  of  the  object,  yet  the  mind,  by 
taking  into  account  the  movements  required  for  the  embrace  of  the 
object,  obtains  from  a  sensation  of  superficial  extent  an  idea  of  a  body 
with  a  certain  cubic  capacity. 

There  exists  in  this  respect  less  real  difference  between  the  sense  of 
vision  and  that  of  touch  than  is  generally  supposed.  To  place  them  on 
an  equality,  it  is  only  requisite  that  the  eye  should  be  able  to  change  its 
position  so  as  to  look  towards  the  different  surfaces  of  an  object;  and 
this  defect  can  be  supplied  by  changing  the  relative  position  of  oar 
body  and  the  object. 

The  motion  of  tremours,  or  vibrations,  is  perceived  by  several  senses. 
This  faculty  is  most  evident  in  the  cases  of  hearing  and  tonch;  but 
even  the  retina  and  optic  nerve  appear  to  be  capable  of  distinguishing 
such  impressions. 

The  vibrations  which  in  the  organ  of  hearing  give  rise  to  the  sensa- 
tion of  sound,  are  perceived  by  nerves  of  touch  in  the  skin  as  tremours 
frequently  attended  with  the  general  impression  of  tickling;  for  instance, 
when  a  vibrating  body,snch  as  a  tuning-fork,  is  approximated  to  a  very 
sensible  part  of  the  surface. 

The  faculty  of  discerning  the  rate  of  succession  of  impressions  is  pos- 
sessed by  all  the  senses,  though  in  a  high  degree  only  by  the  auditory 
oenres,  in  which  its  delicacy  is  very  remarkable. 

The  eye  can  communicate  to  the  sensorium  the  image  of  a  vibrating 
body,  and  can  distinguish  the  vibrations  when  they  are  very  slow;  but 
btra  the  vibrations  are  not  communicated  to  the  optic  nerve  in  such  a 
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manner  that  the  latter  repeats  them,  or  that  it  receiyea  their  impalae^ 
while  in  the  ear  the  vibrations  can  be  imparted  directly  to  the  auditory 
nerve,  in  consequence  of  this  nerve  being  spread  out  on  parts  which 
contain  the  *^  fluid  of  the  labyrinth." 

We  are  made  acquainted  with  chemical  actions  by  several  senses,  but 
principally  by  taste,  smell,  and  touch,  and  by  each  of  these  senses  in  the 
mode  proper  to  it.  Volatile  bodies  disturbing  the  conditions  of  the 
nerves  by  a  chemical  action,  exert  the  greatest  influence  upon  the 
organ  of  smell;  and  many  matters  act  on  that  sense  which  produce  no 
impression  upon  the  organs  of  taste  and  touch,— for  example,  many 
odorous  substances,  as  the  vapours  of  metals,  of  lead  for  instance,  and 
of  many  minerals,  &c.  ^ 

It  cannot,  however,  be  stated  as  a  general  rule  that  volatile  sab- 
stances  are  perceived  only  by  the  sense  of  smell;  for  the  same  substances 
are  also  capable  of  impressing  the  senses  of  touch  and  taste,  provided 
they  are  of  a  nature  adapted  to  disturb  chemically  the  condition  of  those 
organs,  and  in  the  case  of  the  organ  of  taste  are  dissolved  by  the  fluids 
covering  it.  Some  volatile  substances — as,  the  vapours  of  horseradish 
and  mustard,  and  acrid  sufibcating  gases, — act  very  powerfully  upon 
the  common  sensitive  nerves  of  certain  tracts  of  mucous  membrane,  as 
the  conjunctiva  and  the  mucous  membrane  of  the  lungs,  exciting  merely 
modifications  of  common  feeling;  many  volatile  matters  also  excite  the 
sensations  of  burning,  pain,  &c.  in  the  organ  of  touch  when  the  skin  is 
denuded  of  its  epidermis. 

Fluid  bodies,. applied  to  the  organs  of  touch  and  taste,  prodace  che- 
mical disturbances  in  their  nerves,  which  excite  in  each  a  difierent  sen- 
sation; mustard,  alkalies,  acids,  and  salts,  produce  upon  the  skin,  and 
upon  the  tongue,  totally  difierent  efiects.  Their  chemical  action  must 
primarily  be  the  same;  but  the  reaction  excited  diflers  according  to  the 
property  of  the  nerves.  On  the  tongue,  however,  both  results  are  most 
probably  produced  in  difierent  nervous  fibres  at  the  same  time,  and  by 
the  same  substatice.  Of  all  the  nerves  of  sense,  that  of  taste  is  most 
exposed  to  chemical  influences,  and  is  most  affected  by  very  slight 
modifications  of  the  chemical  constitution  of  bodies.  The  difierent 
conditions  as  to  sensation,  into  which  the  nerves  of  touch  can  be  thrown 
by  chemical  agents,  are  not  by  any  means  so  numerous;  moreover,  these 
nerves  are,  at  least  upon  the  skin,  (not  on  the  mucous  membranes,) 
protected  from  chemical  influences  by  the  epidermis. 

IX.  Tliat  sensations  are  referred  from  their  proper  seat  towards  the  ear/e- 
rtor,  is  owing,  not  to  anything  in  the  nature  of  the  nerves  themselves^  btU  to 
the  accompanying  idea  derived  from  experience. 

To  know  the  first  independent  action  ot  our  senses  distinct  from  the  results  of 
their  education,  it  would  be  necessary  that  we  had  a  full  recollection  of  the  first  im- 
pressions made  upon  them  independently  of  the  ideas  obtained  through  their  means. 
JThis  is  impossible.  Obscure  ideas  arise  even  from  the  first  impressions  on  the 
senses  of  the  child.  It  only  remains  for  us  then  to  analyse  the  act  of  sensation  and 
the  idea  with  reference  to  their  real  import.  Doing  this,  we  find  in  the  act  of  the 
mind  which  accompanies  sensation,  opposed  to  each  other,  the  percipient  conaeioits 
subject,  or  self,  of  the  sentient  body  whose  conditions,  whether  internal  or  determined 
from  without,  are  objects  for  this  **  conscious  self,'*  and  the  external  worlds  with 
which  the  sentient  body  is  brought  into  collision.  To  the  mental  consciousness,^ — 
to  the  **8elf"  of  the  animal  being, — every  sensation,  every  motive  from  withoot. 


THEIR  JkCTIOH  IH  THK  TOBTUS  AlTD  INFANT.  717 

ewery  **  paMion  **  in  the  logical  tense,  it  something  external.  The  *■  selP'  of  the 
indifidasl  opposes  itself  as  a  free  ^'sahject"  to  the  roost  intense  sensations, — to  the 
roost  tormenting  pains.  The  limb  which  ^ives  as  pain  can  be  removed  without  the 
integrity  of  the  individaal  spirit  being  diminished ;  the  '*  self*  of  the  being  may  be 
deprived  of  most  of  the  limbs  (parts^  of  the  organic  body,  and  yet  be  itself  as  perfect 
as  before;  but  we  have  thus  far  made  no  distinction  between  the  *' exterior''  which 
the  organised  limbs  of  our  body  form  in  relation  to  the  consciousness  of  our  "self«" 
and  the  ^*  exterior  "  which  the  external  world  itself  forms  with  regard  to  our  body* 
The  origin  of  this  distinction  can  be  recognised  most  easily  in  the  sense  of  tonchy 
which  is  the  first  to  come  into  collision  with  the  external  world.  If  we  imagine  a 
human  being,  in  which — as  in  the  foetus  in  utero,  for  example, — the  sense  of  vision 
has  never  received  any  impressions,  and  in  which  sensations  of  touch  merely  have 
been  excited  by  impressions  made  upon  its  body  from  without,  it  is  evident  that  the 
first  obscure  idea  excited  could  be  no  other  than  that  of  a  sentient  passive  **  self"  in 
contradistinction  to  something  acting  upon  it.  The  uterus,  which  compels  the  child 
to  assume  a  determined  position,  and  ^ives  rise  to  sensations  in  it,  is  also  the  means 
of  excitinjfin  the  sensorium  of  the  child  the  consciousness  of  something  thus  distinct 
from  itself  and  external  to  it.  But  how  is  the  idea  of  two  **exteriore," — of  that 
which  the  limbs  of  the  child's  body  form  in  relation  to  its  internal  self,  and  of  the 
true  exterior  world,— developed  ?  In  a  twofold  manner.  In  the  firet  place,  the  child 
governs  the  movements  of  its  limbs,  and  thus  perceives  that  they  are  instruments 
subject  to  the  use  and  government  of  its  internal  *^  self,"  while  the  resistance  which 
it  meets  with  around  is  not  subject  to  its  will,  and  therefore  gives  it  the  idea  of  an 
absolute  exterior.  Secondly,  the  child  will  perceive  a  difference  in  the  sensations 
produced,  according  as  two  parts  of  its  own  body  touch  each  other,  or  as  one  part  of 
Its  body  only  meets  with  resistance  from  without.  In  the  first  instance,  where  one 
arm,  for  example,  touches  the  other,  the  resistance  is  afforded  by  a  part  of  the  child's 
own  body,  ana  the  limb  thus  giving  the  resistance  becomes  the  subject  of  sensation 
as  well  as  the  other.  The  two  limbs  are  in  this  case  external  objects  of  peroeptlan* 
and  pereipient  at  the  same  time.  In  the  second  instance,  the  resisting  body  will  be 
represented  to  the  mind  as  something  external  and  foreign  to  the  living  body,  and  not 
lUDJect  to  the  internal  '^  self."  Thus  will  arise  in  the  mind  of  the  chnd  the  idea  of  a 
resistance  which  one  part  of  its  own  body  can  offer  to  other  parts  of  its  body,  and  at 
the  same  time  the  idea  of  a  resistance  offered  to  its  body  by  an  absolute  '*  exterior.** 
In  this  way  is  gained  the  idea  of  an  external  world  as  the  cause  of  sensations. 
Though  the  sensations  of  the  being  actually  inform  him  only  of  the  states  of  himself^ 
of  his  nerves,  and  of  his  skin,  acted  on  by  external  impressions,  yet,  henceforth,  the 
idea  of  the  perception  of  the  external  cause  becomes  inseparably  associated  with  the 
sensation  of  touch;  and  such  the  condition  of  sensation  in  the  adult.  If  we  lay  oar 
hand  upon  a  table,  we  become  conscious,  on  a  little  reflection,  that  we  do  not  feel  the 
table,  out  merely  that  part  of  our  skin  which  the  table  touches ;  but,  without  this 
reflection,  we  confound  the  sensation  of  the  part  of  the  skin  which  has  received  tlie 
impression  with  the  idea  of  the  resistance,  and  we  maintain  boldly  that  we  feel  the 
table  itself,  which  is  not  the  case.  If  the  hand  be  now  moved  over  a  greater  extent 
of  the  table's  surface,  the  idea  of  a  larger  object  than  the  hand  can  cover  is  obtained. 
If,  to  encompass  the  resisting  object,  the  hand  require  to  be  moved  in  different  direc- 
tions and  planes,  the  idea  of  surfaces  applied  to  each  other  in  different  directions  is 
conceived,  and  thus  the  notion  of  an  external  solid  body  occupying  space  obtained. 

X.  The  mind  not  only  perceives  the  sensations  and  interprets  them  aC' 
cording  to  ideas  previously  obtained,  but  it  has  a  direct  influence  upon  them^ 
imparting  to  them  intensity.  Tliis  influence  of  the  mini,  in  the  case  of  the 
senses  which  have  the  power  of  distinguishing  the  property  of  extension  in 
Meets,  may  be  confined  to  definite  parts  of  the  sentient  organ;  in  the  sense 
g^ed  with  the  power  of  distinguishing  with  delicacy  intervals  of  time,  it 
may  be  confined  to  particular  acts  of  sensation.  It  also  has  the  power  of 
giving  to  one  sense  a  predominant  activity. 

The  attention  cannot  be  directed  to  many  impressions  at  the  same 
time:  in  proportion  as  coetaneous  impressions  on  the  senses  become 
Dumerousy  the  sensations  diminish  in  intensity^or  the  mind  receives  one 
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onl7  with  distinctness:  while  the  others  are  onl7  obsciirel7y  or  not  at  all 
perceived.  If  the  attention  be  withdrawn  from  the  nerves  of  sense,  and 
engaged  in  intellectual  contemplation,  deep  speculations,  or  an  intense 
passion,  the  sensations  of  the  nerves  make  no  impression  upon  the 
mind;  they  are  not  perceived, — that  is  to  say,  they  are  not  communi- 
cated to  the  conscious  "self,"  or  with  so  little  intensity,  that  the  mind 
is  at  the  moment,  on  account  of  being  quite  preoccupied  by  some  other 
idea,  unable  to  retain  the  impression,  or  only  recollects  it  some  time 
after,  when  the  equilibrium  of  the  sensorium  is  restored,  and  it  is  freed 
from  the  preponderating  influence  of  the  idea  which  had  occupied  it 
The  acuteness  which  individual  senses  acquire  when  others  are  quite 
inactive,  is  therefore  readily  intelligible;  the  attention  is  no  longer 
divided  between  the  several  senses,  but  is  wholly  engaged  in  the 
analysis  of  the  sensations  of  one. 

The  blind  man  acquires  such  an  extraordinary  acuteness  of  touch,  as 
to  distinguish  with  facility  the  minute  elevations  on  the  surface  of 
money,  for  example;  sometimes,  indeed,  he  is  able  to  discriminate 
between  the  corpus  or  grain  of  one  colouring  matter  and  that  of  another. 

Are  there  new  or  peculiar  senses  possessed  by  some  animals  in  addition  to 
the  generally  recognised  ones? — In  concluding  this  introduction  to  the 
physiology  of  the  senses,  the  question  naturally  presents  itself:  Is  the 
number  of  the  senses  limited?  may  not  some  animals  be  endowed  with 
other  senses  besides  those  which  we  possess?  The  error  into  which 
Spallanzani  fell,  in  ascribing  a  peculiar  sense  to  bats  on  account  of  their 
expertness  of  flight  along  the  surface  of  walls  when  they  could  not  see 
them,  is  well  known.  Many  persons  again  have  ascribed  to  animals  a 
peculiar  sense  by  reason  of  their  foreknowledge  of  the  changes  of 
weather.  Since  the  state  of  the  atmospheric  pressure,  the  quantity  of 
watery  vapour  in  the  atmosphere,  temperature,  and  electricity,  have  so 
marked  an  influence  on  the  animal  ceconomy  of  our  own  bodies,  that 
we  are  sensible  of  changes  which  they  undergo,  the  possibility,  of  such 
and  even  greater  influences  on  animals  may  very  well  be  conceived; 
but  even  great  dependence  on  the  state  of  the  atmosphere  with  reference 
to  sensation  does  not  require  a  new  sense.  On  the  contrary,  the  state 
of  the  atmosphere  may  be  perceived  by  its  influence  on  the  whole  ner- 
vous system,  and  particularly  through  the  sensations  of  the  nerves  which 
are  most  numerous,  and  most  exposed  to  the  atmosphere,  namely,  the 
nerves  of  touch  or  common  sensation.  The  supposed  existence  of  a 
special  sense  for  the  perception  of  electricity  in  some  animals  is,  H priori^ 
not  admissible;  for  electricity  acts,  as  we  have  already  shown,  upon  all 
the  senses,  exciting  in  each  the  sensation  peculiar  to  it. 

The  essential  attribute  of  a  new  sense  is,  not  the  perception  of  exter- 
nal objects  or  influences  which  ordinarily  do  not  act  upon  the  senses, 
but  that  external  causes  should  excite  in  it  a  new  and  peculiar  kind  of 
sensation  diflcrent  from  all  the  sensations  of  our  five  senses.  Such 
peculiar  kind  of  sensation  will  depend  on  the  powers  of  the  nervous 
system;  and  the  possibility  of  the  possession  of  such  a  faculty  by  some 
animals  cannot,  i  priori j  be  denied:  no  facts,  however,  are  known  which 
establish  the  existence  of  such  a  new  mode  of  sensation,  and  it  is,  in  fact, 
quite  impossible  to  have  any  experience  of  the  nature  of  a  sensation  in 
any  other  beings  than  ourselves. 
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Some  physiologists  have  regarded  the  internal  sensations  of  the  sense 
of  touch  by  which  we  are  made  acquainted  with  the  different  states  of 
our  body,  as  something  different  from  that  sense,  and  have  ranked  the 
conscious  perception  of  the  different  parts  of  our  frame  {Oemeingefuhl^ 
cosnssstAesis^  or  common  feeling,)  almost  on  a  level  with  the  other 
senses.  This  is  an  error;  for  the  sensations  here  alluded  to  are  of  the 
same  nature  as  those  of  the  skin  which  are  excited  from  without,  only 
that  in  many  organs  they  are  more  undefined  and  obscure.  Moreover, 
it  is  indifferent  whether  a  sense  be  excited  to  action  from  within,  or 
from  without;  in  no  sense  do  we  perceive  any  essential  difference 
between  the  sensations  thus  produced.  The  designation,  <<  sense  of 
touch,"  expresses  certainly  a  special  relation  of  that  sense  to  the  ex- 
ternal world;  but  the  act  of  <<  touch"  merely  renders  manirest  the 
energies  of  this  sense>  which  everywhere  resides  in  the  same  nerves — 
the  mixed  cerebral  and  spinal  nerves  with  double  roots.  Something 
analogous  to  the  act  of  touch  is  observed  in  the  other  senses;  it  is  an 
action  of  the  sense  voluntarily  directed;  and  in  the  same  way  there  is  a 
voluntary  hearing  (listening),  seeing  (looking),  tasting,  and  smelling.* 


SECTION  I. 
OF   VISION. 

CHAPTER  I. 

I.   OF  THE  POSSIBLE  FORMS  OF  ORGANS  OF  VISION* 

From  the  facts  stated  in  the  introduction  to  the  physiology  of  the 
senses  we  have  learnt  that  light  and  colour  are  sensations  of  the  optic 
nerve  and  retina,  and  that  the  appearance  of  darkness  before  the  eyes 
is  the  sensation  proper  to  the  state  of  repose,  or  unexcited  condition  of 
the  retina.  The  sensations  of  light  and  colour  are  produced,  in  the 
midst  of  this  darkness,  wherever  aliquot  parts  of  the  retina  arc  excited 
by  any  internal  stimulus,  such  as  the  blood,  or  by  an  external  stimulus, 
such  as  mechanical  pressure,  electricity,  &c.  The  seat  of  the  sensation 
varies  with  the  part  of  the  retina  acted  on  by  the  stimulus.  The  lumi- 
nous spectrum  produced  by  pressing  upon  one  side  of  the  closed  eye  is 
always  seen  upon  the  opposite  side;  and  those  produced  by  exerting 
pressure  upon  the  upper  or  lower  part  of  the  retina  are  also  seen  at  the 
opposite  points  of  the  field  of  vision.  If  the  pressure  is  made  by  means 
of  a  small  body,  such  as,  for  example,  the  blunt  point  of  any  insirumenti 
and  the  parts  of  the  retina  affected  by  it  consequently  of  limited  extent, 
the  luminous  image  is  also  small.    If,  on  the  contrary,  the  pressure  be 

*  The  {reneml  treatises  on  the  physiolognr  of  the  senses  are:  Le  Cat,  Traite  des  Sens. 
AmsU  1744.~Elliot,  Observations  on  Vision  and  Hearing.  Lbndon,  1780.  (Uberdte 
Sinne.  Leipz.  1785.— Steinbach,  Beitra^  stir  Physioloffie  der  Sinne.  Numberg, 
1811.— TourUMl,  Die  Siooe  des  MeatcbM.    Mdntler,  1897.) 
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made  over  a  greater  extent  at  the  angle  of  the  eye  with  the  edge  of  some 
body,  the  image  produced  has  a  corresponding  extent.  These  images 
are  not  defined,  on  account  of  the  pressure  upon  the  eyeball  through 
the  eyelids  and  coats  of  the  eye  being  necessarily  diffused  to  a  certain 
distance  around  the  space  which  the  pressing  body  itself  would  act 
upon.  If,  however,  it  were  possible  to  confine  the  pressure  accurately 
to  determine  portions  of  the  retina,  we  should  doubtless  be  able  to  pro- 
duce perfectly  defined  images  by  mechanical  means.  The  physical  im- 
ponderable  principle  which  has  received  the  name  of  light,  because  the 
luminous  affections  of  the  retina  are  usually  caused  by  it,  produces^ 
when  the  whole  of  that  nervous  expansion  is  uniformly  affected  by  it, 
the  sensation  of  a  diffused  light  occupying  the  whole  field  of  vision,  in 
place  of  the  darkness  seen  before  the  eyes  when  the  retina  is  not  excited. 
But  if  this  well-adapted  and  salutary  stimulus  of  the  retina  acts  only 
on  definite  parts  of  the  retina,  luminous  images  are  formed  at  those 
parts,  and  the  shadows  of  these  images  are  the  intervening  parts  of  the 
retina  which  are  not  stimulated  to  the  sensation  of  light,  and  conse« 
quently  retain  the  sensation  of  darkness,  as  when  the  eyes  are  closed 
It  is  thus  that  wo  are  enabled  to  see  bodies,  which  either  themselves 
radiate  the  principle  called  light, — luminous  bodies,  or,  being  imper- 
meable by  that  principle,  reflect  it  when  they  receive  it  from  other 
bodies,  and  so  direct  it  into  the  sentient  eye.  The  sensation  of  light  is 
then  produced  at  a  determinate  part  of  the  eye,  and  we  think  to  see 
the  body,  which,  however,  merely  reflects  into  the  eye  the  principle 
capable  of  exciting  the  sensation  of  light,  which  it  has  itself  received 
from  elsewhere. 

II.    THE  £YE  OF  MAN  AND  VERTEBRATE  ANIMALS. 

This  is  not  the  place  to  treat  of  the  structure  of  the  different  parts  of 
the  eye,  and  to  describe  its  general  anatomy.  It  is  our  object  here  to 
refer  merely  to  the  principal  structural  relations  important  for  the  func- 
tion of  vision. 

JUppendagfs  of  the  eyes. — 77ie  eye-lida — The  eye-lids  may  be  entirely  wanting,  th« 
tkin  passinf^  in  that  case  simply  over  the  surface  of  the  eye,  as  in  many  fishes  and 
several  Amphibia, — for  example,  in  the  Proteida  and  Pipa;  or  the  skin  forms  eye-lids 
(palpebrae),  which  may  be  either  single  or  double,  or  be  united  into  a  circular  xone 
with  a  central  openingr,  as  in  the  chameleon.  In  addition  to  the  ordinary  eye-lids, 
there  is  seen  in  some  animals  the  membrana  nictitans,  or  third  eye-lid,  which  exists 
in  a  rudimentary  state  even  in  Mammalia,  is  most  fully  developed  in  birds  and  rep- 
tiles, and  exists  again  in  a  less  perfect  form  in  fishes,  namely,  in  several  genera  of  tbe 
shark  family. 

Of  similar  nature  to  the  membrana  nictitans  is  a  spectncle-like  transparent  space  in 
the  inferior  eye-lid  of  some  liz»rds,  as  several  of  the  Scincoid  family,  which  can  be 
drawn  over  the  eye;  and,  while  it  corresponds  to  the  cornea,  does  not  prevent  vision. 
The  immovable  capsule  in  front  of  tbe  eye  in  serpents  is,  on  the  contrary,  quite  s 
peculiar  structure. 

The  lachrymal  apparatus  is  absent  in  cetaceous  Mammalia,  in  Amphibia,  and  in 
fishes. 

The  tunics  of  the  eye* — The  sclerotica  in  many  animals  exhibits  a  tendency  to  be  car- 
tilaginous or  bony.  ]n  birds,  Chelonia,  and  lizards,  the  anterior  part  of  the  sclerotica 
immediately  around  the  cornea  contains  a  ring  of  osseous  plates,  of  which  the  edges 
either  lie  one  over  the  other  in  an  imbricated  manner,  or  are  merely  in  apposition;  and 
tbe  sclerotic  coat  in  fishes  generally  contains  two  large  plates  of  cartilage. 
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The  choroid  is  in  animaTs  divisible  into  two  laminae, — the  external  proper  choroid* 
and  the  internal  membrana  Ruyschiana;  in  fishes  the  external  lamina  has  generally  a 
■ilvery  lustre,  while  the  internal  is  covered  with  pigment.     Between  the  two  at  the 

Koint  of  entrance  of  the  optic  nerve  is  situated  the  griandula  choroidalis,  a  body  of  a 
orse-shoe  shape,  which  receives  a  large  quantity  of  blood.*  The  ciliary  iigament  it 
in  man  and  in  Mammalia  of  fibrous  structure,  but  in  birds  appears  to  be  muscular. 
The  inner  surface  of  the  choroid  is  in  all  animals  covered  by  the  membrana  pigmtnU^ 
which  is  composed  of  flattened  cells,  often  of  hexagonal  form,  containing  the  granules 
of  pigment.  In  albinoes  these  cells  contain  no  pigment.  In  several  animals  it  is 
normally  deficient  at  certain  parts  of  the  eye,  which  then  either  are  white,  or  have  a 
metallic  lustre,  and  are  called  the  Tapetum,  The  tapetnm  at  the  posterior  and  external 
part  of  the  eye  in  ruminant  animals  is  covered  with  the  cells  of  the  pigment  mem- 
brane, but  the  piarment  itself  is  wanting.  The  metallic  lustre  and  iridescent  colour  of 
the  tapetum  in  these  animals  appears  to  be  owing  to  the  structure  of  the  choroid  pro- 
ducing *'  interference'*  of  light,  and  not  to  the  presence  of  any  material  colouring 
matter;  they  are  therefore  lost  when  the  choroid  is  dried. f  The  perfectly  white 
colour  of  the  tapetum,  which  occupies  an  accurately  defined  triangular  space  at  the 
bottom  of  the  eye  of  carnivorous  animals,  is  not  destroyed  by  drying,  and  is  due  to  a 
peculiar  pigment.  The  smallest  quantity  of  light  entering  the  eye  is  reflected  by  the 
tapetum;  and  hence  it  is  that  the  eyes  of  animals  provided  with  this  structure  are 
luminous  in  a  very  faint  light,  though  not  in  perfect  darkness  (see  page  95). 

The  corpus  ciliarc,  or  ciliary  processes,  do  not  exist  in  fishes,  with  few  exceptions; 
bnt  nfaicifftrm  process  passes  through  a  cleft  in  the  retina,  and  attaches  itself  firmly 
to  the  margin  of  the  lens,  which  is  also  held  in  its  position  by  a  small  pear-shaped 
body  (the  campanula  Halleri). 

The  iris  is  mobile  in  most  animals,  but  in  the  osseous  fishes  is  scarcely,  if  at  all, 
so.  In  the  horse,  narwhale,  lama,  and  rays,  it  presents  at  the  upper  border  of  the 
pupil  a  veil-like  appendage.  The  pupil  is  sometimes  round;  sometimes  elongated 
transversely,  as  in  the  Ruminantia;  sometimes  in  the  perpendicular  direction,  as  in  the 
oat  family  and  the  crocodile;  sometimes  triangular,  as  in  the  brown  or  fire  toad,  Rana 
bombina,  &c. 

The  pecten  or  marsupium  is  characteristic  of  birds;  it  is  a  pyramidal  plicated  process 
provided  with  pigment,  which  has  its  origin  in  the  choroid  coat,  passes  through  an 
openingr  in  the  retina,  at  the  bottom  of  the  eye,  into  the  middle  of  the  vitreous  humour 
in  the  direction  of  the  margin  of  the  lens;  its  situation  is  the  posterior  and  external 
part  of  the  cavity  of  the  eye.  Lizards  have  a  trace  of  the  pecten,  and  the  processus 
falciformis  of  fishes  is  perhaps  an  analogous  structure. 

Transparent  media  of  the  eye. — ^The  inimate  structure  of  the  lens  has  been  already 
described  at  page  109.  It  con'sists  of  concentric  lamellae  enclosed  one  within  the 
other.  It  has  been  observed  that  these  lamelle,  or  capsules,  are  again  formed  of 
fibres  by  which  the  thickness  of  each  is  determined.  Dr.  Brewster  has  shown  that 
the  fibres  are  united  to  each  other  by  toothed  margins,  which  are  most  distinct  in  fishes. 

Optic  nerve  and  Retina. — The  most  remarkable  peculiarities  of  structure  are  pre- 
sented by  these  parts.  The  optic  nerve  is  always  constituted  of  primitive  nervous 
fibres,  which  are  similar  to  those  of  the  brain,  being  very  minute,  much  more  so  than 
those  of  other  nerves.  The  nerve  thus  composed  either  presents  a  merely  fibrous 
structure,  as  in  man:  or  these  fibres  are  arranged  in  particular  situations,  as  at  the 
chiasms,  into  lamins;  the  laminas  of  one  nerve  passing  at  this  part  between  those  of 
the  other,  as  in  birds,  reptiles,  and  Amphibia:  or,  lastly,  the  whole  optic  nerve,  in  its 
course  from  the  brain  to  the  eye,  is  membranous;  this  structure,  which  Malpighi  dis- 
covered in  the  sword  fish,  appears  to  he  characteristic  of  all  fishes.  When  the  sheath 
of  the  optic  nerve  in  these  animals  is  laid  open,  the  optic  nerve  is  seen,  having  the 
form  of  a  membrane  with  free  borders  folded  together  like  a  curtain;  and  it  would 

*  On  the  structure  of  tliis  body,  see  Mr.  Owcn^s  remarks  in  the  third  volume  of  the 
Physiol.  Series  of  the  Catulognc  of  the  Hunteriaii  Museum;  and  Mr.  Wharton  Jones*8  paper 
in  the  twenty-first  volume  of  the  Med.  Gazette,  p.  650. 

t  It  has  been  shown  by  Hcsscnttin,  Valentin  (Repcrtor.  1837,  p.  246),  and  Mr.  H.J. 
Carter,  (Medical  Gazette,  Jan.  5,  183!),)  that  the  aetion  of  the  tapetum  of  ruminant  animals 
in  decomposing  liglit  depends  on  its  being  formed  of  parallel  waving  fibres  like  those  of 
tendon.  I'he  influence  of  these  fibres  in  producing  the  iridescent  colours  is  explicable  on  the 
principle  of  **  interference.** 
61 
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seem  that  the  retina  is  formed  simply  by  the  unfolding  of  this  membrane.  (/.  Mutter^ 
Physiol,  dtM  Gesichts-ainnes,  tab.  3,  hg,  19.)  The  retina  in  the  eye  of  fishes  has  at  leasl 
two  correspondingr  free  borders,  being  cleft  and  gaping  from  its  anterior  margin  to  the 
fundus  of  the  eye. 

The  union  of  the  two  optic  nerves  soon  after  their  ori^n,  or  the  optic  commissure 
or  chiasma,  next  requires  our  attention.  The  varieties  in  structure  with  relation  to 
this  part  may  be  stated  as  follows: — 1.  The  structure  which  exists  in  osseous  fishes. 
Here  the  two  nerves  are  connected  after  their  origin  by  a  slender  transverse  commis- 
sure; and  then  form  no  chiasma,  but  simply  decussate  without  their  fibres  mingling, 
the  right  nerve  going  to  the  left  eye,  and  the  left  nerve  to  the  right  eye.  2.  The 
structure  proper  to  cartilaginous  fishes.  Here  the  nerves  do  not  decussate  as  in  osse- 
ous fishes,  but  are  closely  connected  by  a  commissure,  the  Internal  structure  of  which 
is  not  known;  this  form  approaches  very  nearly  to  the  chiasma  of  the  higher  animals. 
3.  The  chiasma  of  Amphibia,  reptiles,  and  birds,  which  in  external  appearance  is 
similar  to  that  of  Mammalia,  but  has  an  internal  laminated  structure;  the  lamineof  one 
optic  nerve  passing  between  those  of  the  other  nerve,  like  the  crossed  fingers  of  oppo- 
site hands.  It  is  not  yet  known  whether  all  the  fibres  of  the  two  optic  nerves  decus- 
sate here,  or  whether  a  portion  is  continued  to  the  eye  of  the  same  side  as  that  of  their 
root.  4.  The  chiasma  of  Mammalia  and  man.  The  laminated  structure  is  here 
absent.  There  is  a  partial  decussation  of  the  fibres  of  the  two  nerves,  while  another 
portion  is  continued  to  the  retina  of  the  same  side.  This  structure  is  more  evident  in 
mammiferous  animals  than  in  man.  The  superior  and  external  portion  of  each  root  of 
the  optic  nerve  is,  in  the  horse,  continued  to  the  eye  of  the  same  side;  the  rest  of  the 
fibres  decussate,  and  form  part  of  the  nerve  of  the  opposite  side.* 

The  microscopic  structure  of  the  retina  has  been  recently  elucidated  by  the  discove- 
ries of  Treviranus,!  with  which  the  observations  of  Gottschet  also  are  in  accordance. 
The  following  description  takes  account  of  all  the  most  important  points  in  the  struc- 
ture of  this  part: — The  retina  consists  of  three  principal  layers;  an  external  pulpy  or 
pavement-like  layer  of  granules,  a  middle  fibrous  layer,  and  an  internal  layer  composed 
of  erect  cylinders,  which  is  the  continuation  of  the  fibrous  layer.  The  optic  nerve,  at 
its  entrance  into  the  eye,  divides  into  the  cylindrical  nervous  fibres  which  radiate  out 
in  the  middle  fibrous  lamina  of  the  retina.  Each  nervous  fibre,  or  eich  fasciculus  of 
several  fibres,  bends,  as  Treviranus  discovered,  at  a  certain  point  of  its  course,  from 
the  horizontal  direction  towards  the  opposite  internal  surface  of  the  membrane,  where 
it  ends  as  a  papilla.  Although  the  three  lasers  of  the  retina  certainly  exist,  and 
although  the  rod-shaped  bodies  composing  its  internal  lamina  are  very  distinct,  having 
been  seen  by  Volkmann,  E.  H.  Weber,  Gottsche,  Ehrenberg,  and  myself,  yet  the  essen- 
tial nature  and  mode  of  connection  of  these  bodies  with  the  fibres  of  the  fibrous  layer  are 
still  involved  in  obscurity.  It  is  a  question,  namely,  whether  the  rod-shaped  bodies 
correspond  exactly  in  number  to  the  nervous  fibres,  and  whether  each  fibre  actually 
corresponds  to  one  of  those  bodies,  or  whether  the  latter  are  superposed  in  series  upon 
the  fibres  of  the  fibrous  layer. 

Conditions  necessary  for  vision, — Owing  to  ignorance  of  the  physical 
conditions  necessary  for  vision,  it  has  become  a  current  opinion  that  there 
are  animals  endowed  with  the  perception  of  light  by  their  skin.  It  can- 
not be  doubted  that  many  animals  which  have  no  eyes  are  sensible  of 
the  influence  of  the  principle  of  light;  thus,  Rapp  {Nova  Jicta  ^cad. 
Nat.  Cur,  xiv.  p.  2,)  observed  that  the  Veretillum  cynomorium,  one  of 
the  Polypifera,  avoids  the  light,  and  prefers  shaded  situations. §    But, 

*  J.  Mciller,  Physiol,  des  Gcsichts-sinnes,  tab.  2  figs.  4,  5. 

t  Beitrftge  zur  AufkJarung  des  Organischen  Lcbcns.     Bremen. 

t  PfafTH  Mitthcilungcn  aus  dcniGebicteder  Mcdicin,  1836.  Hcfl  3,4.  The  most  internal 
fibres  of  tho  cerebral  portion  of  each  optic  nerve  are,  according  to  Mr.  Mayo,  continuous  in 
the  commissure  with  corresponding  fibres  of  the  oppohitc  nerve:  these  v^'ould  be,  as  Mr.  Solly 
remarks,  strictly  commissural  fihren.  The  innermost  fibres  of  the  nerves  beyond  the  com- 
missuro  are  also  described  by  Mr.  Mayo  to  be  united  in  a  similar  manner  by  a  tort  of  loop, 
and  not  to  be  continued  backwards  through  the  chiasma. 

$  With  respect  to  the  Hydre  no  decided  result  has  been  obtained,  notwithstandin|f 
the  experiments  of  Trembley,  Baker,  Hanow,  Roesel,  Schaeffer,  Bonnet,  and  Goeie. 


PRETENDED  MESMEBIC  VISION.  723 

with  respect  to  the  mode  of  action  of  light  on  such  animals,  we  have 
ijo  facts  to  prove  that  it  produces  in  their  skin,  or  the  entire  surface  of 
their  body,  really  the  sensation  of  light,  and  not  another  kind  of  sensa- 
tion. We  ourselves  are  sensible  of  the  action  of  light  on  our  skin  by 
the  sensation  of  warmth  which  it  produces,  but  do  not  thence  derive  any 
sensation  of  light;  for,  as  far  as  we  can  judge  from  facts,  the  optic  nerve 
alone  is  susceptible  of  that  sensation.  The  action  of  light  on  the  lower 
animals  destitute  of  eyes  may  be  similar  to  its  action  on  the  surface  of 
our  body.  Even  plants  are  strongly  affected  by  its  influence;  the  direc- 
tion in  which  they  grow  and  spread  their  branches  is  regulated  by  their 
tendency  to  bend  towards  the  light. 

The  connection  of  the  sensation  of  light  solely  with  special  nerves 
endowed  with  a  specific  sensibility  is  proved  by  the  actual  existence  of 
eyes  in  many  of  the  animals  lowest  in  the  scale  of  organisation.  Many 
of  the  Annelida,  as  several  of  the  Ncreida,  several  species  of  Eunice^ 
Phyllodoce,  Spio,  and  Nais,  almost  all  the  Hirudo  family,  and  the 
Aphrodrite  heptacera,  have  dark  eye-dots  on  their  head.  An  annelide 
nearly  allied  to  Sabella,  and  observed  by  Ehrenberg,  Henle,  and  myself, 
has  two  such  dark  points  at  each  extremity  of  its  body;  and  it  creeps 
both  forwards  and  backwards.  The  Hirudo  medicinalis  has,  as  E.  H. 
Weber  pointed  out,  ten  dark  eye-dots  on  its  head,  which  in  the  embryo 
are  distinctly  visible,  the  body  being  yet  transparent. 

A  second  critical  remark,  which  suggests  itself  in  connection  with  this 
subject,  relates  to  the  opinion  that,  by  virtue  of  the  exaltation  or  trans- 
position of  sensibility,  it  is  possible  for  persons  to  see  with  the  skin. 

It  is  a  known  fact  that  we  cannot,  by  means  of  the  fingers,  recognise 
colours  as  such;  although  it  may  be  possible  to  distinguish  the  corpus 
or  grain  of  some  colouring  matters  when  laid  thickly  upon  a  surface, 
since  they  are  uneven,  and  adhere  to  the  skin  which  touches  them. 
The  necessity  for  an  optical  apparatus  for  the  production  of  an  image 
upon  a  percipient  membrane  sufficiently  refutes  the  notion  of  persons 
being  able  to  see  with  their  epigastrium,  or  with  the  fingers,  when  in 
the  so-named  magnetic  or  mesmeric  states.  Even  though  the  skin  of 
the  epigastrium  or  fingers  were  susceptible  of  the  sensation  of  light, 
which  they  are  not,  the  perception  of  objects  would  yet  he  impossible, 
junless  there  were  optical  apparatus  for  collecting  the  light  radiated 
from  certain  points  of  the  object  upon  certain  corresponding  points  of 
the  sensitive  surface;  and,  without  such  apparatus,  the  epigastrium  and 
fingers,  though  they  possessed  the  sensibility  for  light,  would  marely  be 
able  to  distinguish  light  from  darkness.  Since,  however,  these  parts 
are  not  susceptible  of  the  sensation  of  light,  and  since  no  sense  can  be 
transferred  from  one  part  to  another,  it  is  quite  impossible  for  a  persoa 
in  the  magnetic  state  to  have  even  an  obscure  perception  of  light  and 

In^nhonss  and  Goldfuss  relate  that  the  green  matter  of  Priestley  collects  especially 
in  places  exposed  to  a  bright  light.  This  green  matter  which  collects  in  such  sitaa- 
tlons,  may  certainly  consist  of  living  infusory  animalcules,  since  many  of  these 
creatures  have  a  green  colour,  and  many  indeed  have,  according  to  Ehrenberg^s  ob* 
•ervation,  eye-dots.  "What  is  usually  called  the  green  matter  of  Priestley,  however, 
often  eonsists  merely  of  the  dead  remains  of  green  Infusoria,  as  the  Euglena  viridia 
andothert. 
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darkness  by  means  of  any  other  parts  than  the  eyes.  Moreover,  when 
the  eyes  are  bound,  it  is  still  possible  to  distinguish  the  light,  and  even 
objects,  by  slightly  raising  the  eye-lids,  as  every  one  well  knows  who 
has  played  at  the  game  of  "  blind-man's  buff;''  and  persons  lying,  like 
the  subjects  of  the  pretended  magnetic  steep,  in  the  horizontal  posture 
with  their  eyes  bound,  can  see  every  part  of  the  room  by  looking  under 
their  bandage.  But  what  well-informed  physician  can  put  faith  in  the 
fables  told  by  the  upholders  of  animal  magnetism?  It  is  quite  in  ac- 
cordance with  the  laws  of  science  that  a  person  sleeping  shall  have 
ocular  spectra, — we  experience  them  sometimes  when  the  eyes  are 
closed,  even  before  falling  asleep, — for  the  nerves  of  vision  may  be 
excited  to  sensation  by  internal  as  well  as  by  external  causes;  and  so 
long  as  a  <*  magnetic"  patient  manifests  merely  the  ordinary  phenomena 
of  nervous  action  that  are  seen  in  other  disorders  of  the  nervous  system, 
it  is  all  creditable  enough.  But  when  such  a  person  pretends  to  see 
through  a  bandage  placed  before  the  eyes,  or  by  means  of  the  fingers  or 
the  epigastrium,  or  to  see  round  a  corner  and  into  a  neighbouring  house, 
or  to  become  prophetic,  such  arrant  imposture  no  longer  deserves  for- 
bearance, and  an  open  and  sound  exposure  of  the  deception  is  called 
for. 

III.    OF  THE  PROCESS  OP  VISION  IN  EYES  WITH  CONCENTRATING  DIOPTRIC 

MEDIA.* 

In  the  compound  eye  of  insects  and  Crustacea  vision  is  effected  by 
the  radiating  cones  transmitting  to  the  optic  nerve  those  rays  only  of 
the  cone  of  light  emitted  by  each  point  of  the  object,  which  have  the 
direction  of  the  axis  of  the  cones,  or  of  the  radii  of  the  eye,  while  the 
rest  of  the  rays  are  absorbed.  In  eyes  furnished  with  collective  or  con- 
oenlrative  refracting  media,  the  cone  of  light  emitted  by  each  point  of 
the  object  is  collected  again  to  a  point  upon  the  sentient  retina. 

The  refraction  of  the  rays  of  light  in  the  eyrs  of  man  and  the  higher 
Mammalia  is,  however,  threefold.  The  rays  of  the  cones  of  light 
emitted  by  different  points  of  an  object,  are  first  refracted  by  the  cornea 
and  the  aqueous  humour  contained  between  it  and  the  lens, — that  is  to 
say,  the  rays  are  betit  towards  the  axis  of  the  cone  of  light;  the  media 
just  mentioned  having  the  power  of  refracting  light  by  virtue  of  their, 
density  being  greater  than  that  of  the  air,  and  by  reason  also  of  their 
convexity.  The  rays  of  each  cone  of  light  are  again  refracted  and 
bent  still  more  towards  its  central  ray  or  axis  by  the  anterior  surface 
of  the  lens;  this  body  having  a  greater  density  than  the  aqueous 
humour,  and  its  anterior  surface  being  convex.  The  rays  are  again 
refracted  in  passing  out  of  the  lens  into  the  less  dense  medium  of  the 
vitreous  humour.  It  can  be  shown,  that  a  lens  has  the  power  of  re- 
fracting the  rays  of  a  cone  of  light  so  as  to  bend  them  towards  the  axis 
of  the  cone,  not  only  on  their  entrance  from  a  rarer  medium  into  the 
anterior  convex  surface  of  the  lens,  but  also  at  their  exit  from  its  pos- 
terior convex  surface,  when  they  pass  again  into  the  rarer  medium.  In 
this  manner  the  rays  of  the  cones  of  light  issuing  from  the  points  of  the 

*  After  the  treatises  of  Treviranus,  Tourtual,  Hueck,  and  Volkmann* 
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object  are  again  collected  to  points;  and,  if  the  retina  be  situated  at  the 
proper  or  focal  distance,  perfect  images  of  the  points  will  be  perceived: 
but  if  the  retina  be  not  thus  situated,  but  either  before  or  behind  that 
situation, — circular  luminous  spots,  instead  of  points,  will  be  seen; 
for  the  rays  have  not  yet  met,  or  they  have  already  intersected  each 
other,  and  are  again  diverging.  The  retina  must  therefore  be  situated 
at  the  proper  focal  distance  from  the  lens,  otherwise  a  defined  image 
will  not  be  formed,  or,  in  other  words,  the  rays  emitted  by  a  given 
point  of  the  object  will  not  be  collected  into  a  point  upon  it.  The  focal 
distance  of  the  image  is  greater,  the  nearer  the  object  to  the  lens,  and 
vice  versd.  The  direction  given  to  the  rays  by  their  refraction  is  regu- 
lated by  that  of  the  central  ray,  or  axis  of  the  cone,  towards  which  the 
other  rays  are  bent. 

We  have  hitherto  regarded  those  rays  of  the  cones  of  light  which 
traverse  the  middle  of  the  pupil,  and  therefore  pass  through  the  crys- 
talline lens  near  its  centre,  as  determining  the  situation  of  the  image  on 
the  retina.  In  this  supposition,  however,  there  is  a  slight  inaccuracy,— 
that  is  to  say,  a  line  drawn  from  a  given  point  of  the  object  through  the 
middle  of  the  pupil  would  not  fall  exactly  upon  the  corresponding  point 
of  the  image  on  the  retina;  for  even  the  central  rays  of  a  cone  of  light, 
when  they  fall  obliquely  upon  the  cornea  and  lens,  suffer  refraction 
from  their  original  direction.  Hence  it  follows  that  the  actual  direction . 
of  the  central  ray  of  a  cone  of  light  can  be  found  only  by  experiment 
and  calculation,  and  that  the  law  laid  down  with  regard  to  the  optical 
angle  requires  some  modification. 

Since  the  surface  upon  which  the  images  are  formed  in  the  eye  is 
concave,  and  from  its  centre  towards  its  margins  gradually  approaches 
the  lens,  it  necessarily  follows  that  the  images  of  objects  situated  at  the 
sides  cannot  be  so  distinct  as  those  of  objects  nearer  to  the  middle  of 
the  field  of  vision,  of  which  the  images  are  formed  at  a  distance  behind 
the  lens  exactly  corresponding  to  the  situation  of  the  retina.  The  indis- 
tinctness of  the  side  images  has,  however,  other  causes  besides  this* 
The  rays  of  a  cone  of  light  from  an  object  situated  at  the  side  of  the 
field  of  vision  do  not  meet  all  in  the  same  point,  owing  to  their  unequal 
refraction;  but  the  main  cause  of  the  images  of  objects  depicted  on  the 
retina  becoming  less  distinct  as  they  are  more  distant  from  its  centrey 
seems  to  lie  in  a  peculiarity  of  that  membrane  itself. 

The  refraction  of  the  rays  which  pass  through  the  circumference  of 
the  lens,  and  of  those  traversing  its  central  portion,  being  unequal  in 
consequence  of  "spherical  aberration,"  a  contrivance  for  the  prevention 
of  indistinctness  of  vision  from  this  cause  was  required  in  the  eye,  like 
that  employed  in  optical  instruments, — namely,  a  diaphragm,  to  cover 
the  circumference  of  the  lens,  and  to  prevent  the  rays  from  passing 
through  any  part  of  the  lens  but  its  centre;  this  diaphragm  is  the  iris, 
and  the  central  opening  for  the  transmission  of  the  rays,  the  pupil. 
The  iris  has,  however,  this  advantage  over  the  diaphragms  of  optical 
instruments,  that  it  is  mobile, — has  the  power  of  dilating  and  con- 
tracting. The  dilatation  of  the  pupil  in  the  dark,  or  in  a  feeble  light, 
has  the  good  efiiect  of  admitting  more  luminous  rays,  even  though  the 
image  is  rendered  less  distinct.   But  even  the  image  formed  by  the  rajrs 

6l» 
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passing  through  the  circumference  of  the  lens  when  the  pupil  is  much 
dilated  may,  under  certain  circumstances,  be  well  defined;  the  image 
formed  by  the  central  rays  being  then  indistinct  or  invisible,  in  conse- 
quence of  the  retina  not  receiving  these  rays  where  they  are  concen- 
trated to  a  focus.  The  image  must  be  most  defined  and  distinct  when 
the  pupil  is  narrow,  the  object  at  the  proper  distance  for  vision,  and 
the  light  abundant;  so  that,  while  a  sufficient  number  of  rays  are  ad- 
mitted, the  narrowness  of  the  pupil  prevents  the  production  of  indis- 
tinctness of  the  image  by  spherical  aberration  or  unequal  refraction. 

With  respect  to  the  lens,  we  may  remark  that  it  must  be  more  dense 
and  more  convex  in  proportion,  as  the  difference  between  the  density  of 
the  medium  in  which  the  animal  lives,  and  that  of  the  aqueous  humour, 
is  less.  In  fishes  the  lens  is  spherical,  and  the  cornea  generally  flattened. 
In  animals  which  live  in  the  air,  the  cornea  is  more  convex,  and  the  lens 
much  less  so. 

The  interior  of  the  eye,  namely,  the  posterior  surface  of  the  iris  and  ciliary  processsBv 
and  the  inner  surface  of  the  choroid,  immediately  external  to  the  retina  itself,  is 
ooated  with  black  pigment,  which  has  the  same  effect  as  the  black  colour  given  to 
the  inner  surface  of  tne  walls  of  optical  instruments.  It  absorbs  any  rays  of  light 
which  may  be  reflected  within  the  eye,  and  prevents  their  being  thrown  ag^ain  upon 
the  retina  so  as  to  interfere  with  the  distinctness  of  the  images  there  formed.  This  is 
the  use  of  the  pigment  on  the  posterior  surface  of  the  iris  and  ciliary  processes.  Bat 
the  coating  of  the  outer  surface  of  the  retina  by  the  pigment  of  the  choroid  is  also 
important  in  the  same  respect;  for  the  retina  is  very  transparent,  and  if  the  surface 
behind  it  were  not  of  a  dark  colour,  but  capable  of  reflecting  the  light,  the  luminous 
rays  which  had  already  acted  on  the  retina  would  be  reflected  back  again  through  it, 
and  would  fall  upon  other  parts  of  the  same  membrane,  the  consequence  of  which 
would  be  not  merely  dazzling  from  the  excessive  action  of  light,  but  also  indistinctness 
of  the  images.  Animals  in  which  the  choroid  is  destitute  of  pigment,  and  human 
albinoes  suflTer  in  this  way;  they  are  dazzled  by  daylight,  and  see  best  in  the  twilight. 

In  many  animals,  which  are  most  active,  and  hunt  their  prey  when  it  is  becomin|^ 
dark,  but  are  slugj^ish  during  the  day,  as  in  the  cat  family  and  other  nocturnal  animals, 
the  portions  of  tiieir  choroid  destitute  of  pigment,  or  rather  covered  with  white  pigment 
in  place  of  black,  are  of  service  by  increasing  the  action  of  the  luminous  rays  upoB 
the  retina. 

The  distinctness  of  the  image  formed  upon  the  middle  portion  of  the  retina  is  de- 
pendent on  several  very  different  conditions:  namely,  1,  on  the  rays  emitted  by  each 
luminous  point  of  the  object  being  brought  to  a  perfect  focus  upon  the  retina  without 
any  halo  being  produced;  2,  on  the  sufficiency  of  the  illumination;  3,  on  the  small 
size  of  the  elementary  parts  of  the  retina  which  are  susceptible  of  distinct  sensation. 

Different  Distances  nf  Vision. — Theirs/  condition,  namely,  the  necessity  of  the  focus 
of  the  cones  of  lig[ht  falling  exactly  upon  the  retina,  is  the  cause  of  the  diflerent  dis- 
tances at  which  different  persons  see  distinctly;  some  persons  being  short-sighted, 
others  long-sighted;  while  in  others,  again,  there  are  no  such  narrow  limits  to  the 
sphere  of  distinct  vision,  their  eye  being  able  to  adapt  itself  for  the  formation  of  the 
image  upon  the  retina  according  to  the  distance  of  the  object.  Since,  however,  this 
power  of  adaptation  of  the  eye  for  vision  at  different  distances  has  its  limits,  there  is 
in  every  individual  a  distance  at  which  he  sees  most  distinctly,  and  at  which  the  focus 
of  the  image  formed  by  the  refractinjj  media  of  his  eye  corresponds  most  accurately 
with  the  situation  of  his  retina.  This  ^^dislantia  visionis  distinctae^'  may  be  stated 
at  from  five  to  ten  feet  [^query,  inches]  in  the  majority  of  individuals.  Objects  which 
are  too  near  the  eye  throw  very  indistinct  images  upon  the  retina;  a  slender  body, 
such  as  a  pin,  held  close  to  the  eye,  cannot  be  seen  at  all,  or  produces  only  an  unde- 
fined impression  on  the  retina.  Few  persons,  on  the  other  hand,  are  able  to  read  print 
at  a  much  greater  distance  than  twenty  inches.  The  refractive  power  of  the  trans- 
parent media  of  the  eye  is  the  source  of  great  difference  in  this  respect.  Short-sighted 
or  myopic  persons  see  the  ueaiest  object  distinctly,  while  they  cannot  discern  distant 


OF  VISIOR  AT  DIFFERENT  DISTANCES.  727 

(U;  long-sighted  persons  can  see  a  small  body  which  is  not  very  visiblei  only 
I  it  is  held  at  a  considerable  distance  from  their  eyes. 

le  aecond  condition  for  distinctness  of  vision  is  an  adequate  quantity  of  light;  ex- 
as  well  as  deficiency  of  li|rht  causes  the  images  of  objects  to  be  indistinct, 
le  third  condition  is  the  minute  size  of  the  ultimate  divisions  of  the  retina  capable 
dependent  sensation.  An  illustration  of  this  is  afforded  by  bodies  of  which  the 
ices  are  marked  with  very  fine  alternate  black  and  white  lines.  Engravings 
ed  at  such  a  distance  that  the  images  of  the  black  and  white  lines  fall  together 
.  portions  of  the  retina  of  a  certain  degree  of  minuteness,  cannot  be  distinguished 
parate  lines,  and  produce  merely  the  mixed  impression  of  grey;  the  same  remark 
68  to  very  fine  lines  of  different  colours  regularly  alternating  with  each  other,-— 
istance,  blue  and  yellow  lines:  in  this  case  the  impression  of  green  will  be  pro- 
El.  Hence  it  is  that  all  mixtures  of  two  different  colouring  matters  are  seen,  not 
ro  colours  mixed,  but  as  a  single  intermediate  colour.  There  must  therefore  be 
tate  portions  of  the  retina  in  which  all  simultaneous  impressions  are  perceived  as 
mly,  and  are  not  distinguished  as  occupying  distinct  places  in  the  field  of  vision, 
wrien  they  really  are  distinct  in  the  image  formed  by  the  refracting  media.  The 
immediately  suggests  itself,  that  these  ultimate  sentient  portions  of  the  retina 
be  the  papillae  or  rod-shaped  bodies  of  its  internal  lamina;  and  it  would  appear 
ible  that  different  luminous  rays  impinging  simultaneously  on  the  different  points 
e  surface  of  such  minute  portion  or  papilla  of  the  retina  will  not  be  perceived  as 
lot  rays,  but  that  each  papilla  will  receive  from  all  one  mixed  impression  onlyy 
leill  propagate  such  an  impression  to  the  optic  nerve.  On  this  supposition  the 
B  perceived  in  these  eyes  must  be  composite,  like  a  piece  of  mosaic-work,  in 
h  each  elementary  portion  is  in  itself  homogeneous.  In  accordance  with  this 
,  it  is  found  that  the  ultimate  anatomical  elements  of  the  retina  agree  pretty 
y  in  size  with  the  smallest  portions  of  the  retina  ascertained  by  experiment  to 
ipable  of  separate  sensation.  The  smallest  angle  under  which  two  points  can  be 
ngoished  by  many  persons  is  40".  From  this.  Smith  calculated  that  the  size  of 
mallest  portion  of  the  retina  endowed  with  distinct  sensation  is  ^^^^ j^  of  an  inch; 
according  to  the  measurements  of  Treviranus,  the  diameter  of  the  papillae  of  the 
a  in  the  rabbit  is  0-0033  millim.;  in  birds  from  0*002  to  0-004  millim.  Now, 
I  millim.  equals  0*0001 1  of  an  English  inch,  and  0-004  millim.  =  0*00015  of  an 
ish  inch.  The  mean  between  0  003,  and  0-004  millim.,  or,  as  an  approximation, 
^^^  vjhjs  ^^^  mijiJS  ^^  ^^  inch,  being  therefore  assumed  as  the  diameter  of  the 
las  of  the  retina,  the  size  of  these  parts  would  agree  very  exactly  with  that  of  the 
lest  portions  of  the  surface  of  that  membrane  capable  of  distinct  sensation.  The 
larements  of  the  globules  of  the  human  retina,  taken  hy  E.  H.  Weber  some  years 
I,  also  accord  with  this  view:  he  found  their  diameter  to  be  between  ^ q^^  and 
of  a  Fiench  inch. 

icording  to  other  data,  however,  no  such  agreement  is  found  to  prevail;  and 
:mann's  observations  render  it  probable  that  the  discriminating  power  of  the  retina 
nch  greater  than  it  could  be,  were  the  nervous  fibres  its  ultimate  elements, 
eke  assumes  30"  as  the  smallest  angle  at  which  an  object  can  be  distinguished; 
iranus  could  discern  a  black  point  0.00833  of  an  inch  in  diameter,  upon  a  white 
nd,  at  a  distance  of  48  inches;  and  Volkmann  calculates  that  the  diameter  of  the 
lest  image  perceived  by  the  retina  is  O.OOOOGO".  Even  this  estimate  of  the  dis- 
ng  power  of  the  retina  he  regards  as  too  low:  any  eye  of  moderate  power  can,  he 
,  see  a  hair  0.002  of  an  inch  in  diameter  at  the  distance  of  30  inches,  when  an 
;e  on  the  retina  of  0-000023  of  an  inch  only  would  result.  A  pupil  of  Von  Baer 
i  see  a  hair  ^^th  of  a  line  in  diameter  at  the  distance  of  28  inches,  in  which  case 
:mann  calculates  that  an  image  ii,jijiiQjfji  of  an  inch  was  perceived  in  the  retina* 
;mann  concludes,  therefore,  that,  even  disregarding  the  last  extraordinary  instance, 
imallest  images  perceived  in  the  retina  are  smaller  than  the  most  minute  known 
}mical  elements  of  that  structure. 

/'.    ADAPTATION  OF  THE  EYE  TO  VISION  AT  DIFFERENT  DISTANCES. 

:  will  have  been  perceived,  from  the  facts  already  stated,  that  some 
nges  in  the  internal  condition  of  the  eye  are  necessary  for  the  pur- 
3  of  distinct  vision  at  different  distances.    The  focus  of  the  image  of 


72S  OF  VISION  AT  DIFFERENT  DISTANCES. 

distant  objects  is  somewhat  nearer  to  the  lens  than  that  of  the  image  of 
near  objects.  The  amount  of  the  difference  in  the  focal  distances  for 
near  and  distinct  objects,  as  deduced  from  the  refractive  powers  of  the 
media  of  the  eye,  has  been  calculated  by  Olbers.*  We  shall  extract 
some  of  the  results  of  his  calculations,  in  order  to  give  an  accurate  idea 
of  the  degree  of  modification  required  in  the  eye.  The  distance  of  the 
image  from  the  cornea  when  the  objects  were  at  the  distances  of  4,  8, 
and  27  inches,  and  at  infinite  distance,  so  that  the  rays  were  essentially 
parallel,  was  found  to  be  respectively  as  follows: 

Diitanee  of  the  ohjtct.  Distance  of  the  image  from  the  cornea. 

Infinite  ....  0*8997    of  an  inch. 

27  inches        .  .  .  .  0-9189  „ 

8     „  ....  0-9671  „ 

4  „  ....  10426  M 

So  that  the  difference  between  the  focal  distances  of  the  images  of  an 
object  at  such  distance  that  the  rays  are  parallel,  and  of  one  at  the  dis- 
tance of  4  inches,  was  only  0-143  of  an  inch.  On  this  calculation  the 
change  in  the  distance  of  the  retina  from  the  lens  required  for  vision  at 
all  distances,  supposing  the  cornea  and  lens  to  maintain  the  same  form, 
would  not  be  more  than  about  one  line,  which  might  be  effected  either 
by  elongation  of  the  eye,  or  by  a  change  in  the  position  of  the  lens. 
Dr.  Young  estimated  the  necessary  change  at  Jth  of  the  length  of  the 
axis  of  the  eye. 

It  will  be  conceived  that  the  same  object  might  be  attained,  without 
any  alteration  in  the  distance  of  the  lens  from  the  retina,  by  a  change  iu 
the  convexity  either  of  the  cornea  or  lens. 

Others  has  also  calculated  the  amount  of  change  in  the  convexity  of 
the  cornea  which  would  be  required  for  distinct  vision  at  different  dis- 
tances.  The  radius  of  the  convexity  of  the  cornea  for  vision  at  certain 
distances,  taken  for  the  sake  of  examples,  would  be  as  follows: 

Distance  of  (he  object,  Radiui  of  the  cornea. 

Infinite  .....  0.333  of  an  inch 

27  inches  .....       0.321 

20       "  .....  0.303        ••• 

5  •'  0.273        •• 

If  the  radius  of  the  cornea  were  capable  of  modification  between  0.333 
and  0.300  of  an  inch,  and  the  long  axis  of  the  eye  capable  of  being 
lengthened  the  extent  of  half  a  line,  distinct  vision  at  all  distances  be- 
yond four  lines  would  be  provided  for.  These  results  may  serve  as  the 
basis  of  the  following  inquiry. 

The  absolute  necessity  of  such  internal  changes  in  the  eye  to  adapt 
it  for  distinct  vision  at  different  distances  appears  a  matter  of  certainty. 
Nevertheless,  some  physiologists— as,  De  La  Hire,  and  Haller,and  more 
recently  Magendie,  Simonoff,  {Joiirn.  de  Physiol,  iv.  p.  260,)  and  Tre- 
viranus,t — have  called  in  question  the  capability  of  the  eye  to  undergo 
such  internal  changes:  most  cultivators  of  physics  and  physiology,  how- 
ever, regard  the  reality  of  these  changes  of  adaptation  as  proved  by 
certain  facts.     Magendie  founds  his  skepticism  on  the  observation  that 

*  See  his  excellent  treatise,  De  Intemis  Oculi  Matationibus.    GoU.  1780. 
t  Beitrage  zur  Anal.  u.  Physiol,  der  Sinneswerkzeuge,  1828;  and  his  Beilrage  zur 
Aufklarung  der  Erschein.  u.  uesetze  des  OrgaDiach.  Lebens.  1—3  Heft« 
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image  in  the  eye  of  a  white  rabbit  does  not  diminish  in  distinctness 
m  the  distance  of  the  object  is  altered;  which  is  not,  however,  a 
Jtant  fact.  G.  R.  Treviraniis,  from  a  calculation  of  the  action  of 
es  which  increase  in  density  towards  their  interior,  arrived  at  the 
;hision  that  with  lenses  of  this  structure  the  focal  distance  would 
ain  the  same  whatever  the  distance  of  the  object,  and  consequently 

no  adaptation  of  the  eye  for  different  distances  is  required, 
luch  as  we  may  admire  the  elegant  manner  in  which  Treviranus 

treated  this  subject  with  the  aid  of  mathematics  and  the  laws  of 
cs,  yet  we  must  confess  that  the  results  of  his  calculation  do  not 
>rd  with  the  facts  observed  in  the  eye  itself.  Moreover,  Kohlrausch 
«r  Treviranus^  Hypothese,  1837,)  controverts  the  accuracy  of 
viranus's  deductions.  That  the  eye  does  undergo  changes  to  adapt 
r  distinct  vision  at  different  distances  is  indeed  proved  incontestably 
limple  and  accurate  experiments.     They  are  as  follows: 

The  power  wliich  the  eye  possesses  of  accommodating  itself  to  different  dis- 
$8  18  frequently  much  modified  in  a  short  space  of  time.     Not  only  does  the  con- 

ase  of  the  eye  in  regarding  near  objects  induce  short-sightedness  in  children,  but 
ently  the  same  condition  is  produced  as  a  transient  state  of  a  few  hours*  duration 
'DgHSontinued  use  of  the  microscope.  Under  such  circumstances,  the  perception 
ijects  at  20  feet  distance  in  the  street  sometimes  becomes  indistinct,  though,  be* 

the  eyes  could  accommodate  themselves  well  both  to  near  and  distant  objects. 

has  freauently  happened  to  me.  The  state  of  myopia  thus  induced  lasts  some- 
)  several  hours. 

If  we  regard  with  one  eye  only  (the  other  being  closed)  the  ends  of  two  needles 
id  one  before  the  other  at  different  distances  in  the  line  of  the  axis  of  the  eye,  one 

be  seen  distinctly  when  the  other  appears  indistinct,  and  vice  versa.  Both  the 
;ed  He  in  the  axis  of  the  eye,  one  over  the  other;  and  yet  it  depends  on  a  voluntary 
t,  the  exertion  of  which  can  be  felt  in  the  eye,  whether  the  first  or  the  second 
le  shall  be  seen  distinctly.  So  that  when  with  the  pupil  contracted,  as  it  is  for  the 
n  of  near  objects,  I  fix  my  eye  upon  the  nearest  needle,  the  focal  point  of  its  dis- 

image  being  at  the  central  point  of  the  retina,  the  more  distant  one,  though  the 
al  rays  only  of  its  cone  of  light  can  enter  the  eye,  forms,  nevertheless,  an  iudis- 

circle  of  light  around  the  same  central  point  of  the  retina;  that  is  to  say,  the 
al  rays  of  the  more  distant  object  do  not  meet  in  a  focus  at  the  central  point  of  the 
&,  but  anterior  to  it.  {Jahrb.f.  WiaaensdiafL  Krilik,  1629.  Oct.  623.)  A  variation 
is  experiment  consists  in  looking  at  the  head  of  a  pin  through  a  very  small  open- 
n  a  card.  Here  it  is  wholly  dependent  on  the  will  whether  the  borders  of  the 
ing  shall  be  seen  distinctly,  in  which  case  the  head  of  the  pin  becomes  indistinct; 
hether  this  should  be  seen  distinctly,  when  the  borders  of  the  opening  in  the  card 
)  to  appear  defined.  Treviranus  has  not  paid  sufficient  attention  to  these  pheno- 
i;  and  his  explanation  of  them,  by  supposing  the  attention  or  nervous  action  being 
ferred  from  one  part  to  another,  is  very  unsatisfactory.  The  two  images  of  the 
les  fall  upon  the  same  point  of  the  retina,  one  lies  over  the  other,  and  yet  I  see  the 
»r  through  the  cloud-like  image  formed  by  the  rays  from  the  other  more  distinct 
le,  and  vice  versa.  There  is  here  no  transferring  of  the  attention  from  one  point 
16  retina  to  another.  An  entire  leaf  covered  with  letters  appears  indistinct  to  me» 
K)n  as  I  produce  the  internal  change  in  my  eye  necessary  for  distinct  vision  at  a 
rent  distance,  though  no  object  be  there. 

Scheiner^s  experiment.  {Scheiner,  Oculus^  sive  Fundamentum  Opticum.) — If  two 
loles  be  made  in  a  card,  at  a  less  distance  from  each  other  than  the  diameter  of  the 
I,  and  if  these  openings  be  held  before  one  eye,  so  that  a  small  object  can  be  seen 
igh  them,  this  object  will  appear  single  at  one  particular  distance  from  the  eye» 
vhen  it  is  at  any  other  distance  it  will  appear  double. 

16  conclusions  to  be  deduced  from  this  experiment  have  been  pointed  out  by  Por- 
ild,  Young,  (Philos,  Transact,  1801,)  Purkinje,  Plateau,  and  Volkmann,  and  the 
nentioned  physiologist  has  varied  the  mode  of  performing  it  in  several  ways. 
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The  experiment  of  Seheiner  prores  clearly  the  necessity  of  adaptation  of  the  eye  for 
distinct  vision  at  different  distances,  and  at  the  same  time  the  incorrectness  of  the 
hypothesis  of  Treviranus,  since  it  shows  that  the  image  of  an  object  under  certain 
eircamstances  falls  in  front  of  the  retina,  and  under  others  behind  it.  An  experiment 
of  Beudant  and  Crahay  has  the  same  import.  If  a  pin  at  the  distance  of  five  or  six 
centimeters  [2  or  2^  inches]  from  the  eye  be  viewed  through  a  pin-hole  in  a  card,  and 
the  card  be  moved  from  side  to  side,  the  needle  will  appear  to  move  also,  but  in  the 
opposite  direction  to  the  card.  This  is  explicable  in  accordance  with  the  phenomena 
of  indistinct  vision,  resulting  from  the  image  of  the  object  failing  either  in  front  of  or 
behind  the  retina.  Thus,  if  the  rays  meet  at  a  focus  in  front  of  the  retina,  they  will 
diverge  again  after  having  crossed  at  the  focal  point,  and  will  form  an  indistinct  spec* 
tram  upon  the  retina,  not  a  definite  image;  and  if  in  this  case  the  card  in  its  motion 
intercept  a  part  of  the  decussating  rays,  those  from  one  side  only  will  reach  the  retina. 
Hence  the  apparent  shifting  of  the  image.  The  diffraction  of  the  rays  at  the  margin 
of  the  opening  in  the  card,  however,  has  also  a  share  in  the  production  of  this  pheno-  • 
menon. 

The  adaptation  of  the  eye  to  distinct  vision  at  different  distances  may 
be  attributed  to  changes  in  several  different  parts,  namely,  to  movements 
of  the  iris,  to  change  of  place  of  the  lens,  to  elongation  of  the  axis  of 
the  eye,  or  to  alteration  in  the  convexity  of  the  lens  or  cornea.* 

1.  The  movements  of  the  iris  have  been  considered  the  means  of 
adaptation  by  some  physiologists,  amongst  whom  are  Mile  and  Pouillet; 
Professor  Mile  supposed  it  to  be  effected  by  the  inflexion  or  ditfraction 
of  the  light  at  the  margin  of  the  pupil,  by  which  the  focal  distance  for 
the  respective  rays  would  be  rendered  very  different.  M.  Pouillet 
thought  tiie  image  would  be  formed  by  the  central  or  by  the  peripheral 
rays,  according  as  the  pupil  was  contracted  or  dilated. 

2.  Elongation  and  shortening  of  the  axis  of  the  lens  were  regarded 
by  Dr.  Young  as  the  means  of  accommodation.  J.  Hunter  and  Dr. 
Young  ascribed  to  the  lens  a  contractile  power  inherent  in  itself.  {Fhilos. 
Transact.  1794.) 

3.  Change  in  the  convexity  of  the  cornea  was  the  explanation  adopt- 
ed by  Sir  E.  Home,  Englefield,  and  Ramsden:  this  change  was  supposed 
by  Sir  E.  Home  to  be  effected  by  the  action  of  the  proper  muscles  of 
the  eye;  or,  in  birds,  by  the  peculiar  muscle,  discovered  by  Sir  P. 
Crampton,  ( Thomson's  •/Qnnals  of  Philosophy,  vol.  i.  1813,  p.  170,)  at 
the  inner  surface  of  the  margin  of  the  cornea. 

4.  The  movement  of  the  lens  by  means  of  the  ciliary  processes,  or 
the  zonula  ciliaris,  was  assumed  as  the  cause  by  Kepler,  Seheiner,  Por- 
terfield,  Camper,  and  many  others. 

5.  Lastly,  the  influence  of  the  muscles  upon  the  form  of  the  eye  has 
been  regarded  as  the  cause  of  the  internal  change  of  adjustment  by 
many  writers,  as  Rohault,  Bayle,Olbers,  Home,  and  Schroeder  van  der 
Kolk,  some  of  whom  ascribe  the  influence  in  question  to  the  m.  recti, 
others  to  the  m.  obliqui. 

That  a  connection  exists  between  the  movements  of  the  iris  and  the 
action  of  the  eye,  by  which  it  accommodates  itself  to  vision  at  different 
distances,  cannot  be  denied;  for,  when  distant  objects  are  viewed,  the 
pupil  becomes  dilated,  when  near  objects,  contracted:  and,  notwith- 

*  A  full  account  of  all  the  hypotheses  relative  to  this  subject  is  given  by  Haller, 
Element.  Physiol,  t.  v.  L.  zvi.  Sect.  4.  §  20;  by  Olbers,  loc.  cit.;  and  by  Treviranus 
in  his  Biologic,  Bd.  vi.  p.  512. 


VARIOUS  HTPOTHX8S8  TO  ACCOUNT  TOB  IT*  731 

ding  the  continued  presence  of  a  strong  light,  as  of  a  lamp  held 
»re  the  eye,  the  size  of  the  pupil  may  be  very  much  modified  at 

by  looking  at  objects  at  different  distances;  in  doing  which  we 
36  the  axes  of  the  eye  to  converge  while  we  regard  the  near  object, 
,  on  the  contrary,  give  them  a  more  parallel  direction  while  a  very 
int  object  is  the  subject  of  our  vision.  These  changes  in  the  state 
he  iris  are,  however,  merely  associate  movements,  consequent  on 
nervus  motorius  oculi  exerting  an  influence  upon  the  ciliary  or 
icular  ganglion  and  the  ciliary  nerves,  while  it  excites  the  action  of 
muscles  of  the  eye-ball.  Contraction  of  the  iris  always  ensues  as  a 
It  of  associate  or  consentient  nervous  action,  when  even  one  eye  only 
other  being  closed)  is  turned  inwards,  or  inwards  and  upwards, 
is  in  this  way  associated  with  the  voluntary  action  of  several  mus- 
supplied  by  the  third  or  motor  oculi  nerve.  In  these  phenomena, 
efore,  we  can  recognise  no  immediate  connection  between  the 
ions  of  the  iris,  and  the  power  of  the  eye  to  accommodate  itself  to 
rent  distances.  But  it  remains  to  inquire  how  far  distinct  vision  at 
rent  distances  can  be  explained  by  these  movements  of  the  iris. 

Mile  [Magtndie*s  Journal  de  Physiol,  vi.  p.  166,)  finds  an  expla- 
>n  of  the  accommodating  faculty  of  the  eye  in  the  motions  of  the 
and  the  inflexion  of  the  rays  of  light  by  its  margin.  The  defect  of 
theory  is,  as  pointed  out  by  Treviranus  and  Volkmann,  that  it  sup- 
s  a  small  proportion  only  of  the  rays  to  be  employed  in  the  forma- 
of  the  image, — those,  namely,  which  pass  close  to  the  margin  of  the 
—while  the  greater  mass  of  the  light  is  not  taken  into  account;  and 
3ver  that  the  foci  resulting  from  the  meeting  of  the  rays  at  other 
ts  are  not  noticed. 

Pouillet's  theory  is  based,  not  upon  the  inflexion  of  the  rays  by 
nargin  of  the  iris,  but  upon  the  different  focal  distance  of  the  central 
peripheral  rays;  the  first  of  which,  being  refracted  by  the  central 
er  portion  of  the  crystalline  lens,  are,  he  supposed,  brought  to  a 
s  sooner  than  the  latter,  which  pass  through  its  marginal  portion* 

objection  to  the  theory  of  Pouillet  arises,  that  while  the  eye  is 
i  upon  the  more  distant  object  and  the  pupil  dilated,  the  central 
» notwithstanding  the  distinctness  of  the  image  formed  by  the  peri- 
al  rays,  cannot  be  wholly  without  effect;  and,  if  this  be  the  case, 
ause  of  distinct  vision  at  different  distances  cannot  be  what  Pouillet 
s. 

This  objection  is  of  equal  force  against  the  view  proposed  by  Tre- 
1US,  who  admitted  the  change  in  the  size  of  the  pupil  to  be  a  cause, 
ributing  with  the  varying  density  of  the  lens  to  effect  the  accommo- 
>n  of  the  eye. 

)  all  hypotheses  which  regard  the  accommodation  of  the  eye  to  dis- 
38  as  a  direct  effect  of  the  motions  of  the  iris,  we  may,  lastly,  object 

Volkmann,  that  any  change  in  the  size  of  the  pupil  produced  by 
ition  of  the  light  ought,  in  that  case,  to  disturb  the  state  of  adapta- 
of  the  eye:  which  is  not  in  accordance  with  facts, 
le  hypothesis  that  the  adjustment  of  the  eye  is  effected  by  a  change 
e  convexity  of  the  cornea,  appears  to  be  sufficiently  refuted  by  the 
ilations  of  Olbers;  for  the  compression  of  the  eye  by  the  action  of 
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its  muscles  is  not  capable,  of  producing  changes  in  the  length  of  the 
radius  of  the  surface  of  the  cornea  to  the  extent  of  0-273  or  0-333  of  an 
inch. 

Home  and  Ranisden  maintained,  it  is  true,  that  they  had  observed  such  changes  in 
the  living  eye  during  the  vision  of  near  and  distant  objects;  but  Dr.  Young  was  unable 
to  verify  this  observation,  and  it  would  be  impossible  to  determine  the  reality  of  such 
a  change  accurately  by  experiment,  on  account  of  the  mobility  of  the  eye.  The  best 
means  of  ascertaining  this  fact  would  be  to  observe  whether  small  images  reflected 
by  the  cornea,  such  as  the  image  of  a  light  window,  change  their  size  and  position 
while  the  eye  is  adapting  itself  to  the  perception  of  point-like  objects  situated  at  dif- 
ferent distances  in  the  same  line. 

The  view  which  attributes  the  adjustment  of  the  eye  to  the  alteration  of  its  form  by 
the  action  of  the  external  muscles,  is  also  not  free  from  objections.  The  phenomena 
of  vision  at  different  distances  are  certainly  explicable  on  such  a  view;  but  that  does 
not  prove  its  correctness,  for  there  are  many  different  ways  in  which  these  phenomena 
might  possibly  be  produced.  The  action  of  the  straight  muscles  can,  as  Trevrranos 
remarks,  scarcely  be  conceived  capable  of  producing  elongation  of  the  axis  of  the  eye 
in  the  manner  Olbers  supposes.  He  imagines,  namely,  that  by  the  action  of  these 
muscles  the  vitreous  humour  is  compressed,  and  made  to  extend  itself  anteriorly  and 
posteriorly.  But  the  tendency  of  the  straight  muscles  is  merely  to  retract  the  eye» 
and,  if  resistance  were  afforded  by  the  cushion  of  fat  behind  it,  to  flatten  rather  than 
elongate  it;  their  action  would  therefore  have  the  effect  of  adapting  the  eye  to  the 
vision  of  distant  objects  only,  the  image  of  which  is  formed  nearer  the  lens  than  thai 
of  near  objects;  while  it  is  in  looking  at  very  near  objects,  on  the  contrary,  that  we 
are  conscious  of  an  effort  within  the  orbit.  The  compression  and  elongation  of  the 
eye  might  much  more  easily  be  effected  by  the  oblique  muscles;  and  Le  Cameos, 
Rohault,  and  Schroeder  van  der  Kolk  have  thus  explained  the  accommodation  of  the 
eye.  This  view  is  in  accordance  with  the  circumstance  that  in  the  vision  of  near 
objects  the  axes  of  the  eyes  necessarily  converge,  to  which  movement  the  oblique 
muscles  would  contribute,  as  Luchtman  has  very  ingeniously  shown.*  But  this,  aa 
well  as  every  other  theory  which  attributes  the  adaptation  of  vision  to  distance  to  the 
action  of  the  muscles  of  the  eye,  is  open  to  objections.  The  state  of  adaptation  of  the 
eye  can  be  entirely  changed  in  a  very  short  space  of  time  by  the  local  action  of  nar- 
cotics, the  pupil  becoming  at  the  same  time  much  dilated. 

If  the  hypotheses  already  considered  be  rejected,  there  will  still 
remain  those  which  place  llie  means  of  accommodation  to  distances  in 
the  interior  of  the  eye, — namely,  in  a  change  of  position  or  form  of  the 
lens  by  the  action  of  the  ciliary  processes,  or  zonula.  Although  these 
latter  hypotheses  cannot  be  directly  refuted,  they  are  equally  incapable 
of  proof;  and  such,  in  fact,  is  the  stale  of  llie  question  generally;  the 
phenomena  may  be  explained  in  very  differetit  ways,  but  no  one  expla- 
nation can  be  proved  to  be  more  correct  than  another.  Under  these 
circumstances  it  will  be  more  judicious  to  direct  attention  to  some  im- 
portant facts,  which  are  not  taken  cognizance  of  in  any  of  the  views 
above  mentioned,  and  which,  though  they  do  not  disclose  to  us  the 
cause  of  the  self-adjusting  faculty  of  the  eye,  show  its  intimate  connection 
with  other  phenomtMia.  Tlie  inquires  whicii  I  instituted  in  the  year 
1S2C  relative  to  double  and  single  vision,  led  me  to  notice  the  con- 
nection wiiich  subsists  between  the  changes  of  adaptation  to  distances 
and  the  movements  of  the  eye-balls  themselves,  by  which  their  axes 
are  altered  in  direction;  a  connection  as  intimate  as  that  between  the 
changes  of  adaptation  and  the  movements  of  the  iris,  or  that  between 
the  movements  of  the  iris  and  the  movements  of  the  axes  of  the  eyes. 

*  Luchtman,  Dc  mutatione  axis  oculi  secundum  divcrsam  distaotiam  objecti. — Trajecti 
ad  Rh.  1B32. 
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arly  all  the  writers  who  have  treated  of  the  accommodation  of  the 
J  to  distances,  have  overlooked  this  important  circumstance.  Porler- 
d  was,  as  Voikmann  shows,  the  only  one  of  the  older  physiologists 
uainted  with  these  phenomena, 

i*rom  various  facts  on  this  subject  it  appears  that  change  in  the  incli- 
ion  of  the  axes  of  the  eyes  towards  each  other  induces  a  change  in 
refractive  power  of  the  eye,  by  which  this  organ  is  accommodated 
he  distance  of  the  object,  even  when  one  eye  only,  which  is  closed, 
5rs  its  inclination  towards  the  other,  which  is  open.  The  same  is 
case  with  the  motions  of  the  iris:  if  one  eye  be  fixed  upon  a  given 
nt,  and  the  other  eye  closed,  when  the  latter  is  moved,  the  size  of 
pupil  even  of  the  open  eye  undergoes  a  change  proportionate  to  the 
;ree  of  convergence  of  the  two  axes  of  vision,  giving  the  appearance 
L  voluntary  influence  over  the  motions  of  the  pupil  (see  pages  534-5). 
3  movement  of  the  iris  simultaneously  with  that  of  the  axes  of  the 
s  we  have  regarded  as  an  associate  or  consensual  movement,  since 
{observed  to  occur  only  when  muscles  supplied  by  the  third  or  motor 
li  nerve  are  in  action,  and  that  nerve  is  known  to  be  the  motor  nerve 
he  iris,  to  which  it  sends  filaments  through  the  medium  of  the  ciliary 
iglion.  In  the  same  way  the  adjustment  of  the  eye  to  vision  at 
ierent  distances  may  be  an  associate  movement  connected  with  the 
on  of  the  muscles  which  draw  the  eye-ball  inwards,  and  dependent 
ler  on  an  organic  cotinexion  in  the  nervous  system,  or  on  the  influ- 
e  of  habit.  The  associate  movement  of  the  iris  with  the  eye-balls 
scarcely,  however,  be  the  result  of  habit. 

L  slight  influence  upon  the  adaptation  of  the  refractive  power  of  the 

can  be  ascertained  by  the  will,  without  the  direction  of  the  axes  of 

eyes  being  necessarily  changed;  and  this  circumstance  is  itself  a 

of  that  the  connection  between  the  two  is  not  essential,  and  that  the 

is  not  the  constant  cause  of  the  other. 

IVhen  the  perception  of  an  object  is  voluntarily  rendered  indis- 
t  without  the  direction  of  the  axes  of  vision  being  changed,  the  iris 
forms  the  usual  motions,  dilating  when  the  eye  is  adapted  for  more 
ant  vision,  and  vice  versd.  This  is  an  example  of  nearly  perfect 
jniary  motion  of  the  iris,  inasmuch  as  here  the  motion  is,  at  all  events, 
associated  with  any  voluntary  movement  of  the  eye  itself  inwards 
upwards.  (Miiiler's  Jlrchiv.  1837,  p.  cl.) 

Ve  perceive  in  this  fact,  as  in  all  the  phenomena  previously  de- 
bed,  the  existence  of  an  intimate  connection  between  the  motions  of 
iris  and  the  power  of  modifying  the  refractive  action  of  the  eye; 
» nevertheless,  we  are  not  justified  in  ascribing  to  the  motion  of  the 
even  an  indirect  influence  on  the  refractive  power.'   It  has  been 
posed  that  the  motion  of  the  iris  may  have  an  influence  upon  the 
try  body  or  processes,  and  through  their  medium  upon  the  position 
:he  lens,  by  virtue  of  the  firm  connection  of  the  ciliary  body  with 
outer  circumference  of  the  posterior  surface  of  the  iris.     This  hypo- 
ris,  however,  is  easily  refuted;  for  the  movements  of  the  iris  may  be 
ited  by  the  stimulus  of  light  independently  of  the  will,  and  the  same 
3Ct  appears  to  us  equally  distinct,  whether  it  be  illuminated  with  a 
^ht  light,  when  the  pupil  will  be  proportionally  contracted,  or  the  eye 
62 
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wsreened  from  the  action  of  light,  when  the  pupil  will  be  dilated.  (Com- 
pare yblkmanUf  loc.  cit.  p.  156.)  It  appears,  therefore,  must  probable 
tliat  the  faculty  of  the  eye  which  enables  it  to  adjust  itself  to  different 
distances  depends  on  an  organ  which  has  certainly  a  tendency  to  act 
by  consent  with  the  iris,  but  yet  is  in  a  certain  degree  independent  of 
it  Reasoning  per  excluaionem^  it  is  certainly  most  probable  that  the 
ciliary  body  has  this  motor  power,  and  this  influence  on  the  position  of 
the  lens,  but  we  have  no  positive  proof  of  its  possessing  contractility. 

The  self-adjusting  faculty  of  the  eye  is,  according  to  the  observations 
both  of  Dr.  Young  and  Volkmann,  impaired  by  the  extraction  of  the 
lens  in  the  operation  for  cataract. 

y.   OF  MYOPIA  AND   PRESBYOPIA,  OF   THE  MEANS  OF  REMEDYING  THSSX 
DEFECTS  OF  VISION,  AND  OF  THE  USE  OF  GLASSES. 

^^Myopia^^  near-sight;  and  ^^Presbyopiay^  farsight. — Spectaclu 
and  Optometers. — Many  persons  have  not  the  power  of  accommodating 
their  eye  to  vision  at  different  distances,  or  have  in  it  so  slight  a  degree 
as  to  distinguish  objects  at  a  certain  distance  only;  such  persons  axe 
said  to  be  either  short-sighted  or  long-sighted.  To  individuals  in  this 
condition  it  is,  of  course*  impossible  to  prove  that  the  eye  has  the 
faculty  of  adjustment  to  distance;  and  this  may  have  been  the  cause  of 
the  skepticism  of  Treviranus  and  others.  Near-sightedness  is  most 
frequently  observed  in  the  middle  period  of  life.  Long-sightedness  is 
more  common  in  old  age.  The  cause  of  these  defects  of  vision  is  very 
often  supposed  to  lie  in  the  refracting  media  of  the  eye,  as  in  the  form 
of  the  cornea;  and  the  cornea  is,  in  fact,  less  convex  in  old  age  than  in 
youth;  but  the  convexity  of  the  cornea  is  greatest  in  childhood,  and, 
nevertheless,  as  Volkmann  remarks,  children  are  not  frequently  sub* 

C:ts  of  <<  near-sight."  Myopia  and  presbyopia  may  with  more  reason 
attributed,  as  regards  their  immediate  cause,  to  want  of  the  power 
of  adjustment,  or  to  great  feebleness  of  this  muscular  act.  With  such  a 
condition  the  eye  would  necessarily  see  objects  distinctly  at  that  dis- 
tance only  to  which  the  form  of  its  refractive  media  is  best  adapted.  A 
strong  proof  of  imperfection,  or  loss,  of  the  power  of  adjustment  being 
the  cause  of  myopia,  and  presbyopia,  is  the  circumstance  that  short* 
sightedness  may  be  acquired  merely  by  habitually  using  the  eye  for  the 
perception  of  near  objects  only,  and  neglecting  distant  vision.  Thus, 
children  become  short-sighted  from  accustoming  themselves  to  read  or 
write  with  the  face  too  close  to  the  paper.  1  he  constant  use  of  the 
microscope  may  give  rise  to  short-sightedness*  and  often  does  induce  it 
as  a  transient  condition  lasting  a  few  hours.  The  wearing  of  spectacles 
also  is  injurious  in  this  respect,  since  they  disuse  the  eye  to  self-adjust- 
ment for  distinct  vision  at  different  distances. 

We  may,  in  a  few  words,  explain  the  action  of  spectacles  in  aiding 
vision  in  persons  labouring  under  myopia  and  presbyopia.  The  pres- 
byopic, or  long-sighted  eye,  is  aided  by  a  convex  glass;  the  myopic,  or 
short-sighted,  by  a  concave  glass.  In  the  long-sighted  eye,  rays  from 
distant  objects  are  brought  to  a  focus  upon  the  retina;  but  the  rays 
from  objects  less  distant,  or  very  close  to  the  eye,  not  being  made  to 
converge  so  rapidly,  meet  behind  the  retina.  A  convex  glass  corrects 
this  defect  by  causing  the  rays  emitted  by  near  objects  to  intersect  each 
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er  at  a  point  nearer  the  lens, — namely,  in  the  retina  Itself.  In  the 
rt-sighted  eye  the  reverse  condiiion  subsists.  The  rays  from  near 
eels  here  meet  in  ihe  retina,  and  produce  a  distinct  image;  but  the 
8  of  distant  objects,  which  are  more  easily  brought  to  a  focus  than 
fe  of  near  objects,  meet  before  the  retina,  and  form  undefined  speclra 
m  it.  The  concave  glass  corrects  this  by  causing  the  rays  to  become 
re  divergent,  and  therefore  less  readily  concentrated  by  the  eye  to  a 
18,  which  is  thus  made  to  fall  upon  the  retiun, 
.''he  nse  of  the  optometer  to  determine  the  mean  distance  of  vision 
which  the  eye  of  any  individual  is  adapted,  is  founded  upon  the  expe- 
ent  of  Scheiner,  montioned  at  a  preceding  page.  It  consists  in  ascer- 
ling  the  distance  from  the  eye  at  which  a  small  object  viewed  with 
I  eye  through  two  openings  in  a  card,  separated  by  a  less  distance 
n  the  diameter  of  the  pupil,  appears  single;  or  the  distance  from  the 
at  which  ihe  double  images  of  a  thread,  viewed  without  olTort 
)ligh  two  openings  in  a  card,  cross  each  other  or  unite  to  one  image. 
Young's  Optometer.)  The  distance  thus  ascertained  is  the  mean 
jth  of  vision  of  Ihe  eye.  Before  and  behind  this,  an  object  viewed 
>agh  the  two  openings  in  the  card  appears  double;  that  is  to  say,  its 
tge  falls  either  before  or  behind  the  retina.  The  application,  how- 
r,  of  this  method  is  always  very  imperfect,  on  account  of  the  difTrac- 
1  of  the  rays  at  the  margins  of  the  small  openings  in  the  card. 
ifiuetia  rf  eorwfx  fenwi  upim  Ihe  diilanet  1/  dUtmtl  vitian. — We  liave  next  to  eon- 
T  Ihe  action  of  ^lasies  which  increafle  the  size  of  the  image  by  alterlnr  the 
uiM  of  diitinet  Tiaion.  Tha  aioipleBt  liind  of  hIbbs  which  haa  thia  eRect  la  the 
.mon  lena,  or  aimpls  microMope,  If  a  amall  object  l>e  brought  very  near  thaajre, 
ppeaia  verj  large,  but  la  wholly  indialioct,  becauae  the  point  towarda  which  tfa* 
I  irom  it  are  made  to  converge  Ilea  behind  the  iBtioa.  The  aclion  or  a  lena  iat«i- 
iA  between  the  object  and  the  eje  is  to  shorten  the  focal  distance  of  the  image.  If 
lena  be  properl;  placed,  so  (hat  the  ima^  falla  upon  the  raiina,  all  the  details  of 
brm  are  aeen  diatinelty,  while  it  appears  of  (he  same  magnitude  aa  whrn  held  e1oa« 
)•  eye  without  the  lena.  In  th'.e  caae  the  increaae  of  aize  is  tho  result  of  the  eloaa 
nuimalion  of  the  object;  and  the  lens  merely  gives  dislinclnees.  which  (lis  image 
B  near  an  object  would  not  otherwiae  have.  In  the  telescope  and  compound  micro- 
le  llie  image  ia  formed,  not  in  the  eye  itself,  but  in  front  ot  it.  Tliu  rays  meeting 
irai  the  image,  not  being  reeeired  there  by  any  opique  aurface,  diverge  ajrain  from 
point,  in  the  same  way  an  if  the  object  from  which  they  originally  radiated  war* 
aailualed.  On  ihia  condition  depend  both  the  increaae  of  a ize  and  the  diatinetnaat 
la  image  in  the  eye;  far  an  image  near  the  eye  is  seen  under  a  greuler  angle  than 
mora  distant  object.  And  if  the  Imane  occupies  the  situation  of  distinct  viaioD  at 
It  inches,  it  ia  not  anW  increased  in  size,  but  has  (he  distinctness  of  objects  gene- 
f  viewed  with  the  naked  eye  at  that  diaiance.  Veleaeopea  aetve  10  increase  in 
,  lod  render  distinct,  (he  image  of  *ery  distant  objects;  micrnscnpea  (0  enlarga, 
render  distinct,  the  image  of  near  objects.  The  number  of  nlasHt^a  employed  ia 
le  inairuinenia  is  very  various.  A  second  glaas,  placed  behiad  llie  ftrsl,  may  either 
lify  the  image  and  ila  ailumion,  or,  if  the  image  is  alri^ady  formed  hy  ibe  first  glasa 
ire  the  rays  iraverae  ihe  second,  this  image  stands  in  (he  relaiinn  of  an  object  to 
Hoond  glass.  The  image  formed  by  the  second  glnss  may  be  still  further  modi- 
bj  a  third  glass,  or  may  become  an  object  to  it.  The  glass  which  recelTes  tha 
I  of  light  directly  from  the  object  itseiris  called  the  "  object  glaas;*'  theKlasn  next 
tie  eye  is  the  "  eye-piece,"  or  "  ocular."  In  the  microscope,  the  image  formed  bv 
or  mora  lenses  ia  viewed  by  roeans  of  the  ocular,  juat  as  an  object  ia  viewed  with 
mple  lena.  The  brightneaa  of  the  image  depends  on  the  cjuantlly  of  light  which 
objaei'glase  recei*ea  from  the  object,  or  whieh,  in  Ihe  microteope,  ia  thrown  by 
fiefal  liruiBiaation  npoo  the  objaoL  Aeoordln^  u  tb«  quantity  of  light  which  goea 
irni  the  image  in  the  teleaoope  ot  mianaeopa  ii  gmtor  or  laat  thsn  thai  wbkh  (ha 
ed  ays  teeeivM  rrou  tho  objaot,  will  Ike  Intge  ot  the  ol^Mt  be  mm  ot  Imb  vivU 
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than  when  seen  without  the  iMtrameot.  The  image  of  objects  Tiewed  with  the  tel^ 
•cope  is  brighter  than  the  object  appears  when  viewed  with  the  naked  eye;  because 
the  object-g^88  of  the  telescope  receives  from  the  object,  and  applies  to  the  formation 
of  the  image,  more  light  than  the  pupil  of  the  naked  eye  can  admit. 

YI.    OF  THB  CHROMATIC  AND  ACHROMATIC  PROPERTIES  OF  THE  ETS«* 

a.  Chromatic  lemes.-^AXihowgh,  the  rays  from  a  luminous  object  are 
by  the  refractive  power  of  a  lens  concentrated  so  as  to  form  a  distinct 
image  upon  any  surface,  when  spherical  aberration  is  avoided,  yet  the 
image  is  not  perfect  unless  the  rays  of  light  are  homogeneous,  that  is, 
of  one  simple  colour;  for,  even  though  spherical  aberration  be  avoided^ 
it  is  quite  impossible,  without  further  means,  to  bring  the  heterogeneous 
rays  of  white  or  mixed  light  to  one  focal  point,  since  the  difierent- 
coloured  rays  of  white  light  have  different  degrees  of  refrangibility, 
and,  therefore,  with  the  same  refracting  medium  have  a  different  focal 
distance. 

The  image  formed  by  a  convex  lens  is  at  the  proper  focus  very 
•lightly  coloured:  the  outline  of  a  white  image  received  upon  a  dark 
ground  has  merely  a  margiti  of  purple,  which  is  scarcely  perceptible; 
but,  in  proportion  as  the  surface  which  receives  the  image  is  moved 
from  the  focal  point,  the  more  marked  becomes  the  fringe  of  colours,  in 
addition  to  the  increasing  indistinctness  of  the  image  formed  by  the 
white  light  itself.  (See  Kunzek^  Die  Lehre  vorn  Lichte,  p.  157;  and 
Tburtualj  loc.  cit.) 

i.  Achromatic  lenses, — The  dispersion  of  the  coloured  rays  by  a 
pri^m  is  counteracted  by  a  second  prism  of  the  same  refractive  and  the 
same  dispersive  power.  Two  prisms  conjoined  form  a  refracting  me- 
dinm  with  parallel  surfaces,  from  which  the  rays  of  light  transmitted 
through  it  will  issue  at  the  same  angle  as  they  entered,  just  as  in 
passing  through  a  plane  plate  of  glass.  DoUond,  however,  discovered 
that  the  dispersive  power  of  media  is  not  al  waj'^s  proportionate  to  their 
refractive  power;  and  that  there  are  media  which  have  a  strong  re- 
fractive action  on  light,  but  little  dispersive  influence.  Flint-glass 
refracts  light  more  strongly  than  crown-glass,  but  its  excess  of  dis- 
persive power  is  still  greater.  This  led  to  the  construction  of  acbro- 
inatic  prisms  by  the  combination  of  prisms  of  unequal  refractive  and 
dispersive  power. 

c.  Achromatic  property  of  the  eye, — The  human  eye  is  achromatic 
as  long  as  the  image  is  received  at  its  focal  distance  upon  the  retina,  or 
as  long  as  the  eye  adapts  itself  to  the  diilerent  distances  of  objects. 
The  cause  of  this  achromatic  property  cannot  with  certainty  be  deter- 
mined, although  it  is  easy  to  show  that  the  optical  structure  of  the  eye 
may  very  possibly  give  this  property.  The  refractive  media  of  the  eye 
are  of  unequal  refractive  power,  both  as  regards  their  convexities  and 
their  chemical  constitution.  The  lens  has  two  unequally  convex  sur- 
faces, and  the  cornea  and  aqueous  humour  form  a  refracting  medium 
of  unequal  chemical  constitution.  The  cornea  and  aqueous  humour 
taken  together  form  a  concavo-convex  lens,  the  refractive  power  of 
which  is  different  from  that  of  the  crystalline  lens.     The  dispersive 

*  J.  Muller,  Physiol,  dea  Ga^chts-sinnes,  pp.  d95,  414. — ^Tourtual,  Die  Chromasia 
dea  Auges;  Meckers  Archiv.  1830,  p.  129. 
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co-operation  of  the  sensoriuni  in  the  act  of  vision.  To  these  belong  not 
merely  the  act  of  sensation  itself,  and  the  perception  of  the  changes 
produced  in  the  retina,  as  light  and  colours,  but  also  the  conversion  of 
the  mere  images  depicted  in  the  retina  into  ideas  of  an  extended  field 
of  vision, — of  proximity  and  distance,-— of  the  solidity  (in  the  geonne* 
trical  sense)  and  size  of  objects.  To  this  class  of  phenomena  belong 
also  the  effects  of  the  reciprocal  action  of  different  parts  of  the  sensitive 
apparatus  on  each  other,  and  many  phenomena  in  the  retina  either  not 
excited  by  liglit  at  all,  or  not  by  its  immediate  action.  These  different 
phenomena  might  be  treated  of  under  the  following  heads:  1.  Of  the 
action  of  the  retina  generally,  and  of  the  co-operation  of  the  sensorium 
in  vision.  2.  Of  ocular  spectra.  3.  Of  the  reciprocal  influence  of  dif- 
ferent parts  of  the  retina  upon  each  other.  4.  Of  the  simultaneous 
action  of  the  two  eyes.    5.  Of  the  subjective  phenomena  of  vision. 

I.  Of  the  action  of  the  retina  generally  considered^  and  of  the  co-operatum 

of  the  sensorium  in  vision. 

Jtdion  of  the  reiina  and  fenjorttfm.— It  has  been  shown  already,  in  the  Preliminary 
eonaiderations  on  the  Physiology  of  the  Senses,  that  the  retina  ia  not  a  mere  condno- 
tor  of  external  impressions,  but  itself  reacts  against  these  impressions.  Light  and 
oolour  are  actions  of  the  retina,  and  of  its  nervoas  prolongations  to  the  brain.  The 
kind  of  colour  and  luminous  image  perceiyed  depends  on  the  kind  of  external  impie*- 
sion.  With  this  property  of  the  retina,  by  virtue  of  which  it  becomes  when  irritated 
the  seat  of  the  sensations  of  colour  and  light  we  are  so  well  acquainted,  that  we  fonnd 
npon  it  all  inquiries  concerning  yision.  The  vibrations  of  a  fluid  existing  in  all  apace, 
the  ether,  when  of  a  certain  rapidity,  produce  in  the  retina  the  sensation  of  a  certain 
eolour;  when  of  a  different  degree  of  rapidity,  that  of  another  colour;  these  coloars 
or  sensations  being  modes  of  reaction  of  the  retina.  The  simultaneous  impression  of 
undulations  of  dif^rent  rapidity  upon  the  same  points  of  the  retina  excites  the  sensa- 
tion of  white  light.  These  same  sensations  ot  colours  and  light  may,  however,  be 
produced,  without  the  agency  of  the  vibrations  of  an  ether,  by  mere  irritation  of  the 
retina  by  means  of  electricity  or  mechanical  pressure. 

If  it  be  the  change  produced  in  the  retina  which  we  perceive  in  vision,  we  may  with 
equal  correctness  say  that  in  the  act  of  vision  the  retina  feels  itself  in  a  particular 
state,  or  that  the  sensorium  perceives  the  retina  in  a  particular  condition.  The  condi- 
tion of  repose  of  the  retina  is  the  cause  of  the  appearance  of  darkness  before  the 
eyes;  the  active  state  of  the  retina  is  the  cause  of  the  sensation  of  the  illuminated 
field  of  vision.  Under  certain  circumstances  we  see  our  own  retina,  and  separate 
parts  of  it,  when  no  images  are  produced  in  it  by  external  objects.  Desides  the  spec- 
tra produced  by  pressure  and  electricity,  we  have  an  instance  of  this  in  the  following 
interesting  phenomenon  first  observed  by  Purkinje:— If,  in  a  room  otherwise  dark,  a 
lighted  candle  be  moved  to  and  fro,  or  in  a  circle,  at  the  distance  of  six  inches  before 
the  eyes,  we  perceive,  after  a  short  time,  a  dark  arborescent  figure  ramifying  over  the 
whole  field  of  vision;  this  appearance  is  produced  by  the  vasa  centralia  distributed 
over  the  retina,  or  by  the  parts  of  the  retina  covered  by  those  vessels.  There  are, 
properly  speaking,  two  arborescent  figures,  the  trunks  of  which  are  not  coincident,  bat 
on  the  contrary  arise  in  the  right  and  left  divisions  of  the  field,  and  immediately  take 
opposite  directions.  One  trunk  belongs  to  each  eye,  but  their  branches  intersect  each 
other  in  the  common  field  of  vision.  The  explanation  of  this  phenomenon  is  aa 
follows: — By  the  movement  of  tlie  candle  to  and  fro,  the  light  is  made  to  act  on  the 
whole  extent  of  the  retina,  and  all  parts  of  the  membrane  which  are  not  immediately 
covered  by  the  vasa  centralia  are  feebly  illuminated;  those  parts,  on  the  contrary, 
which  are  covered  by  those  vessels  cannot  be  acted  on  by  the  light,  and  are  perceived, 
therefore,  as  dark  arborescent  figures.  In  most  persons  this  experiment  succeeds 
readily;  but  in  some  tiuiividiials  the  phenomenon  is  produced  with  difficulty,  or  not  at 
all.  The  figures  of  the  vessels  appear  to  lie  before  the  eyes,  and  to  be  suspended  in 
the  field  of  vision.  We  Imve  here  a  distinct  demonstration  of  the  axiom,  that  in  vision 
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sroeive  merely  certain  states  of  the  retina,  and  that  the  relioa  is  itself  the  field  of 
ii— dark  in  the  unexcited,  illuminated  in  the  excited  condition, 
e  of  the  most  difficult  problems  in  physiology  is  that  relative  to  the  respectiTO 
ince  of  the  retina  and  sensorium  in  vision.  This  department  of  the  physiology 
e  senses  may  be  correctly  styled  the  metaphysical,  since  we  are  at  the  present 
totally  destitute  of  any  empirical  means  of  elacidating  it«  The  question  to  be 
onined  is  the  following: —Where  is  the  state  of  the  retina  perceived;  in  the  retina 
t  or  in  the  brain! 

^uzt  (fihtfitld  ofmnon, — ^The  actual  size  of  the  field  of  vision  depends  on  the 
t  of  the  retina,  for  only  so  many  images  can  be  seen  at  any  one  time  as  can  oo- 
the  retina  at  the  same  time;  and  thus  considered  the  retina,  of  which  the  affec- 
are  perceived  by  the  sensorium,  is  itself  the  field  of  vision.  But  to  the  mind  of 
idividual  the  size  of  the  field  of  vision  has  no  determinate  limits;  sometimes  it 
ITS  very  small,  at  another  time  very  large;  for  the  mind  projects  the  images  on 
stina  towards  the  exterior,  the  cause  of  which  will  be  explained  hereafter.  Hence 
lental  field  of  vision  is  very  small  when  the  sphere  of  the  action  of  the  mind  is 
sd  by  impediments  near  the  eye;  on  the  contrary,  it  is  very  extensive  when  the 
ctionof  the  images  on  the  retina  towards  the  exterior  by  the  influence  of  the  mind 
I  impeded.  The  mental  field  of  vision  is  very  small  when  we  look  into  a  hollow 
of  small  capacity  held  before  the  eyes;  it  is  large  when  we  lookout  upon  aland- 
I  throuf^h  a  small  opening;  it  is  more  extensive  when  we  look  at  the  landscape 
gh  a  window;  and  most  so  when  our  view  is  unconfined  by  any  near  object.  In 
lese  cases  the  idea  which  we  receive  of  the  size  of  the  field  of  vision  is  very  dif- 
t,  and,  nevertheless,  its  absolate  size  is  in  all  the  same,  it  bein^^  dependent  on  the 
it  of  the  retina;  for,  as  was  before  said,  we  cannot  see  at  one  time  more  than  the 
it  of  the  retina  is  capable  of  containing.  Nevertheless,  although  in  looking  upon 
dscape  through  an  opening,  the  whole  image  of  the  scene  is  not  larger  than  the 
mference  of  the  openmg  through  which  it  is  viewed,  and  occapies  the  same  space 
the  retina;  yet  the  idea  conceived  of  it  is  extremely  different.  Hence  it  follows 
Jie  mind  is  constantly  co-operating  in  the  acts  of  vision,  so  that  at  last  it  becomes 
nit  to  say  what  belongs  to  mere  sensation,  and  what  to  the  influence  of  the  mind, 
ult  age  it  would  only  be  by  abstracting  the  action  of  the  mind  from  the  process 
lion  that  we  could  obtain  the  mere  sensation  of  vision,  as  it  is  perceived  possibly 
s  new-born  child;  for  the  child  which  has  as  yet  no  idea  of  proximity  and  dis- 
i  would  necessarily  recognise  no  difference  in  the  size  of  the  field  of  vision* 
her  it  looked  into  a  tube  closed  at  one  end,  or  through  an  open  one  upon  an  ex- 
re  landscape.  This  consideration  leads  us  also  to  the  conclusion,  that  the  simple 
iptlon  of  the  images  of  objects  must  be  an  original  faculty,  quite  independent  of 
leas  derived  from  them. 

age*  of  the  iruUviduaPi  own  body  in  the  field  of  vision. — Certain  parts  of  our  body 
J  constantly  occupy  a  part  of  the  field  of  vision,  and  therefore  have  a  share  in  the 
which  the  sensations  of  vision  excite  in  the  mind.  When  we  look  with  one  eye 
one  side  of  the  field  of  vision  is  occupied  by  the  image  of  one  side  of  the  nose, 
e  depress  the  eye-brows,  the  upper  part  of  the  field  ot  vision  becomes  oconpied 
em.  If  the  cheek  be  raised,  a  part  of  it  is  seen  at  the  lower  part;  and  if  the  outer 
on  of  the  orbicularis  palpebrarum  muscle  be  contracted,  a  shadow  thrown  by  the 
itments  of  the  eye  is  seen  at  the  outer  part  of  the  field  of  vision, 
though  the  images  of  our  body  perceived  by  the  sense  of  vision  are  merely  images 
:ted  on  the  retina,  and  by  it  communicated  to  the  sensorium,  they  are  confidently 
preted,  like  the  images  uf  external  bodies,  as  real  objects.  The  image  of  our 
,  which  we  see,  is  not,  in  point  of  fact,  our  hand,  but  only  its  representation  in 
retina.  When  we  grasp  any  object,  the  movement  is  represented  in  the  retina: 
lee  that  we  grasp  the  object,  for  the  image  of  our  hand  is  seen  to  grasp  the  image 
a  object.  We  are  also  made  acquainted  with  the  performance  of  the  act  by  means 
aether  sense,  namely,  by  sense  of  touch  in  the  hand,  and  the  sense  of  movement 
.  It  appears  an  extraordinary  circumstance  that»  although  the  perception  of  any" 
of  our  body  by  the  sense  of  common  feeling  or  touch,  and  by  the  sense  of  vision, 
I  place  in  such  different  localities,  the  two  sensations  never  interfere  with  each 
r;  they  are  brought  into  harmony  and  unison  through  the  influence  of  the  mind. 
i  this  IS  the  case  we  can  render  evident  to  onraelves  by  an  example  in  which  the 
rence  of  locality  is  still  more  striking,  and  where  nevertheless  the  two  sensations 
>y  the  power  of  the  mind  not  less  closely  brought  into  unison. 
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If  while  we  look  at  onr  iumge  in  ■  mirror  we  move  oar  handf,  we  are  informed  of 
those  movements,  as  well  by  the  sense  of  feeling  as  by  the  image  in  the  mirror;  amlt 
altboagii  the  seat  of  impressions  on  the  senses  of  touch  and  sight  is  so  different,  we 
derive  from  them  throagh  our  mental  agency  but  one  harmonious  idea. 

Inverted  images  and  erect  vision. — In  accordance  with  the  laws  of 
optics,  the  images  are  depicted  on  the  retina  in  an  inverted  position  as 
regards  the  objects  themselves;  what  in  the  object  is  above,  is  in  the 
hnage  represented  below,  and  vice  versd;  the  right  side  uf  the  object  is 
Xo  the  left,  and  the  left  side  to  the  right;  while  the  relative  position  of 
its  different  parts  remains  precisely  the  same.  The  question  now  arises^ 
whether  we  really  see  the  images  inverted,  as  they  are  in  the  retina;  or 
erect,  as  in  the  object  itself.  Since  the  image,  and  the  affected,  parts  of 
ttie  retina,  mean  the  same  thing,  the  question  physiologically  expressed 
is  this:  Are  the  minute  divisions  of  the  retina  affected  in  vision  perceived 
by  the  sensorium  in  their  natural  relation  to  the  object? 

The  view  which  I  take  of  the  question,  and  which  I  proposed  in  my 
work  on  the  physiology  of  vision,  is,  that  even  if  we  do  see  objects 
reversed,  the  only  .proof  we  can  possibly  have  of  it  is  that  afforded  by 
the  study  of  the  laws  of  optics;  and  that,  if  everything  is  seen  reversed, 
die  relative  position  of  the  objects  of  course  remains  unchanged.  It  is 
tfie  same  thing  as  the  daily  inversion  of  objects  consequent  on  the  revo- 
hition  of  the  entire  earth,  which  we  know  only  by  observing  the  posi- 
tion of  the  stars;  and  yet  it  is  certain  that,  within  twenty-four  hours^ 
that  which  was  below  in  relation  to  the  stars,  comes  to  be  above. 
Hence  it  is,  also,  that  no  discordance  arises  between  the  sensations  of 
inverted  vision  and  those  of  touch,  which  perceives  everything  in  its 
erect  position;  for  the  images  of  all  objects,  even  of  our  own  limbs^  in 
the  retina,  are  equally  inverted,  and  therefore  maintain  the  same  relative 
position.  Even  the  image  of  our  hand,  while  used  in  touch,  is  seea 
inverted.  The  position  in  which  we  see  objects,  we  call  therefore  the 
erect  position.  A  mere  lateral  inversion  of  our  body  in  a  mirror,  where 
the  right  hand  occupies  the  left  of  the  image,  is  indeed  scarcely  re- 
marked; and  there  is  but  little  discordance  between  the  sensations 
acquired  by  touch  in  regulating  our  movements  by  the  image  in  the 
mirror,  and  those  of  sight,  as,  for  example,  in  tying  a  knot  in  the  cravat. 
There  is  somo  want  of  harmony  here,  on  account  of  the  inversion  being 
only  lateral,  and  not  complete  in  all  directions. 

Volkmaim  agrees  with  this  view  of  the  question.  lie  also  argues 
that  no  explanation  of  erect  vision  is  required,  as  long  as  all  things 
equally,  and  not  some  objects  only,  appear  to  the  eye  inverted.  Nothing 
can  be  inverted  where  nothing  is  erect;  for  each  idea  exists  only  in  an- 
tithesis to  the  other. 

Of  the  ^^ subjective*^  phenomena  of  vision.^ 

If  we  exclude  from  consideration  those  phenomena  affording  evidence 
of  action  of  the  retina,  which  are  in  some  way  dependent  on  the  influ- 
ence of  the  external  light,  such  as  the  <<  ocular  spectra,^'  and  the  phe- 
nomena of  double  vision  and  the  radiation  of  sensation  in  the  retina, 

*  Purkinje,  Beohachtungen  and  Versoohe  sor  Physiologic  der  Sinne:  i.  Prag.  18S3; 
ii.  Berlin,  1836. 
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\  still  remain  many  others  which  are  dependent  on  causes  of  a  very- 
rent  nature.  The  most  remaricable  of  these  phenomena,  for  a 
irledge  of  which  we  are  principally  indebted  to  Purkinje,  are  the 
wing: — 

opearances  produced  by  pressure  on  the  retina, — The  luminous 
arauces  produced  by  pressmg  with  the  fingers  upon  the  eye  (named 
urkinje  <<  Druckfiguren'')  vary  in  form;  they  are  sometimes  annular, 
)times  star-like,  and  sometimes  regularly  divided  into  squares; 
ace  Purkinje  compared  them  to  the  figures  produced  by  sonorous 
itions.  When  a  plate  of  glass  covered  with  water  is  struck  with 
>ow  of  a  violin,  the  plate  not  only  divides  into  vibrating  segments, 
parts  which  remain  at  rest,  but  the  water  upon  the  vibrating  parts 
e  glass  presents  a  most  regular  distribution  into  rhombic  figures  or 
>nary  waves.  The  figure  in  the  eye  calls  to  mind  the  appearance 
ecussating  waves. 

'he  vascular  ^gure^  described  at  page  738,  is  sometimes  seen  with 
minous  character. — It  was  sometimes  seen  thus  by  Purkinje  as  the 
t  of  pressure,  particularly  in  the  morning:  and  I  have  frequently 
this  luminous  ramified  figure  in  the  dark  field  of  vision,  when,  after 
nding  a  flight  of  stairs,  I  have  found  myself  suddenly  in  a  dark 
B,  and  also  when  I  have  suddenly  immersed  my  head  in  bathing, 
luminous  appearance  is  evidently  the  effect  of  the  pressure  of  ves- 
filled  with  blood  upon  the  retina. 

uminous  appearance  produced  by  the  arterial  pulse. — When  the 
I  is  congested  with  blood,  it  is  easy:  to  perceive  that  each  beat  of  the 
e  is  attended  by  a  change  in  the  degree  of  light  perceived  by  the 
i,  by  a  pulsating  illumination  of  the  field  of  vision.  This  pheno- 
on  is  very  easy  to  observe.  Some  few  times  I  have  seen  a  similar 
ige  in  the  field  of  vision,  or  a  rhythmic  appearance  of  a  small  bright 
I  in  the  middle  of  the  dark  field  of  vision,  isochronous  with  the  re- 
ition  and  the  corresponding  movement  of  the  brain;  but  this  phe- 
lenon  cannot  be  excited  at  will,  and  has  presented  itself  to  me  only 
w  times. 

^ible  movement  of  the  blood, — There  are  many  circumstances 
er  which  a  general  expression  of  the  circulation  is  perceptible.  It  is 
I,  however,  more  particularly  in  looking  at  surfaces  which  are  bright- 
luminated,  but  not  to  a  dazzling  degree,  as  the  sky;  or  after  fixing 
eyes  for  some  time  upon  a  surface  of  snow  or  white  paper.  The 
earance  consists  in  an  indistinct  confused  movement,  as  of  points 
sing  each  other  in  all  directions,  or  like  the  motion  of  vapours. 
)  appearance  is  so  undefined,  that  the  direction  of  the  movement 
not  be  determined.  It  evidently  is  due  to  the  motion  of  the  blood, 
he  same  nature  is  the  much  more  definite  appearance  of  dark  bodies 
1  tails,  flying  and  moving  about  in  all  directions,  which  is  seen  some- 
3S  by  persons  suflering  under  plethora,  or  congestion  of  blood  in  the 
d,  on  rising  suddenly  from  the  stopping  posture.  The  sensation  of 
I  creeping  over  the  surface  is  an  analogous  afiection  of  the  nerves  of 
imon  sensation  or  touch. 

Mminous  circles  seen  in  the  dark  field  of  vision  on  a  sudden  late- 
movement  of  the  eyes. — This  appearance  is  a  constant  result   of 
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suddeoly  turning  the  eyes  to  either  side  when  in  the  dark.  Two  circles 
of  light  are  always  seen;  they  must  therefore  be  produced  by  an  affec* 
tion  of  the  retinae  at  two  different  «<  non-identical"  points,— perhaps,  at 
the  situation  of  the  entrance  of  the  optic  nerve  into  each  eye. 

Jipptarances  produced  in  the  eye  by  ekctriciiy.  —Tiiese  phenomena  have 
been  investigated  by  Ritter,  Purkinje,  and  Hjort.  If  the  eye  be  made 
to  form  part  of  a  galvanic  circle,— one  pole,  for  example,  being  applied 
to  the  conjunctiva  of  each  eye-lid,— an  appearance  like  a  flash  of  light- 
ning will  be  perceived  when  the  circle  is  either  closed  or  intermpted. 
The  same  thing  takes  place  also  when,  although  the  eye  does  not  lie  in 
the  direct  line  of  the  electric  current  from  pole  to  pole,  the  electricity  is 
nevertheless  in  part  directed  towards  the  eye;  as  when  one  pole  of  the 
battery  is,  for  instance,  applied  to  the  lower  eye-lid,  and  the  other  to  the 
mucous  membrane  of  the  mouth.  Even  a  simple  pair  of  plates  of  zinc 
and  copper  are  sufficient  to  produce  the  appearance  above  mentioned 
in  a  dark  room.  A  small  battery  excites  more  remarkable  phenomena: 
according  to  Purkinje's  experiments,  a  yellowish  light  is  seen  at  the  zinc 

Kle,  a  violet  light  at  the  copper  pole.  Under  certain  conditions,  which 
irkinje  details,  peculiar  appearances  are  produced  at  determinate 
points  of  the  field  of  vision  corresponding  to  the  situation  of  the  optic 
nerve,  and  to  the  central  point  of  the  retina. 

SponianeouM  appearances  of  light  in  the  darkened  eyes. — If  we  direct  our 
attention  to  what  takes  place  in  the  eyes  when  closed,  not  merely  do 
we  see  sometimes  a  certain  degree  of  illumination  of  the  field  of  vision, 
but  also  occasionally  an  appearance  of  light  developed  in  greater  in- 
tensity; sometimes,  indeed,  this  luminous  appearance  spreads  from  the 
centre  to  the  circumference,  in  the  form  of  circular  waves,  disappearing 
at  the  periphery.  At  other  times  the  appearance  has  more  the  form  of 
luminous  clouds,  nebulae,  or  spots;  and,  on  rare  occasiohs,  it  has  been 
repeated  in  me  with  a  regular  rhythm.  Closely  connected  with  these 
more  indefinite  appearances  in  the  eye  are  the  more  distinct  forms  seen 
at  the  time  of  falling  asleep,  or  in  the  period  that  precedes  this,  which 
are  due  to  the  action  of  the  mind  isolating  different  definite  forms  in 
succession  from  the  cloud-like  appearances  in  the  eye,  <<  the  chaos  of 
dreams,"  according  to  Gruitlmisen. 

Opposed  to  these  phenomena  is  the  transitory  loss  of  sight,  accom- 
panied by  the  appearances  of  a  mist,  coloured  smoke,  or  similar  phe- 
nomena, before  the  eyes,  which  sometimes  occurs  in  persons  with  a 
weak  nervous  system,  and  which  is  a  state  of  temporary  exhaustion  of 
the  retina  A  person  in  perfect  health  may  indeed  induce  this  pheno- 
menon, by  looking  for  a  very  long  time  at  a  white  or  coloured  surface. 

Flickering  before  the  eyes  after  taking  narcotic  substances, — Digi- 
talis is  most  prone  to  produce  this  symptom.  Purkinje  has  instituted 
observations  upon  it  in  his  own  person.  If  the  action  of  the  narcotic  is 
strong,  definite  forms  appear. 

Apparent  movement  of  objects  consequent  on  repeated  rotation  of 
the  body, — This  phenomenon  has  been  already  described  at  page  639. 
It  must  be  distinguished  with  respect  to  its  cause  from  the  appa- 
rent movements  seen  after  looking  at  objects  really  moving;  which  arise 
from  the  successive  disappearance  of  the  spectra  left  by  the  moving 
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3iL  The  apparent  motion  produced  b^  the  former  cause  occurs 
though  the  eyes  were  closed  during  the  rotation  of  the  body. 
ffeei  qf  the  sense  of  colours. — Owing  to  an  original  disposition  of 
etina,  many  individuals  have  in  an  imperfect  degree  only  the  power 
itingnishing  colours.  From  numerous  observations  made  on  such 
HIS,  the  younger  Seebeck  (Poggendorf*s.  ^nnal.  42,)  has  obtained 
following  results:— Besides  those  persons  who  find  difficulty  in 
rmining  the  colours  of  objects  generally,  without  however  mistaking 
Bolour  for  another,  there  are  many  individuals  who  are  in  a  more 
ss  complete  degree  incapable  of  distinguishing  perfectly  dissimilar 
in  from  each  other.  But  these  persons  differ,  again,  not  only  in 
legree  of  their  defect,  but  also  in  its  character.  Hence  Seebeck  has 
led  them,  smaller  differences  being  disregarded,  into  two  classes, 
he  first  class  belong  those  who,  though  differing  considerably  in  the 
ee  «f  their  imperfection  of  vision,  agree  pretty  nearly  in  the  circum- 
se  of  confounding  the  following  colours:^ 
1.  Light  orange  and  pure  yellow. 

9.  Intense  orange,  light  yellowish  green,  or  brownish  green,  and 

yellow-brown. 
S.  Pure  light  green,  grey-brown,  and  flesh-colour. 

4.  Rose-red,  green  (rather  blue  than  yellow),  and  grey. 

5.  Crimson,  dark  green,  and  hair-brown. 

6.  Bluish  green  and  imperfect  violet. 

7.  Lilac  and  bluish  grey. 

8.  Sky-blue,  grey-blue,  and  grey-lilac. 

be  individuals  of  this  class  have  a  very  imperfect  power  of  distin- 
hiDg  the  impression  of  colours  generally;  but  the  defect  is  greatest 
I  regard  to  red,  and  the  complementary  colour  green;  these  colours 
g  to  them  scarcely  or  not  at  all  distinguishable  from  grey:  the  colour 
fhich  the  perception  is  next  in  degree  defective  is  blue,  which  is 
srfectly  distinguished  from  grey.  The  perception  of  yellow  is  the 
\  perfect,  though  objects  of  this  colour  also  are  distinguished  from  a 
arless  surface  much  less  easily  than  by  the  eye  in  its  normal  state, 
idividuals  belonging  to  the  second  class  likewise  recognise  yellow 
;  red  is  distinguished  better,  blue  less  perfectly,  from  the  absence  of 
ar,  than  in  persons  of  the  first  class:  but  the  distinction  of  red  from 
I  is  above  all  more  imperfect  here.  The  colours  which  they  con- 
id  are  as  follows: — 

1.  Light  orange,  greenish  yellow,  brownish  yellow,  and  pure 
yellow. 

S.  Bright  orange,  yellow-brown,  and  grass-green. 

3.  Brick-red,  rust-brown,  and  dark  olive-green. 

4.  Cinnabar-red  and  dark  brown. 

5.  Dark  carmine  and  blackish  blue-green. 

6.  Flesh-red,  grey-brown,  and  bluish  green. 

7.  Dull  bluish  green  and  (somewhat  brownish)  grey. 

8.  Imperfect  (somewhat  yellowish)  rose-red  and  pure  grey. 

9.  Rose-red,  lilac,  sky-blue,  and  grey  (including  lilac). 

10.  Crimson  and  violet. 

IL  Dark  violet  and  dark  blue. 
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It  IS  the  perception  of  the  least  refrangible  rays  only  that  is  here  very 
imperfect,  which  is  not  the  ca^  in  persons  of  the  first  class. 

We  must  distinguish  from  the  subjective  phenomena  of  vision  the 
images  of  objects  existing  in  the  interior  of  the  eye,  and  throwing  a 
shadow  upon  the  retina.  Such  are  the  thread-like  convoluted  figures 
in  which  rows  of  globules  appear  to  be  contained.  These  figures  are 
not  fixed;  not  only  do  the  separate  parts  of  the  figures  alter  their  rela* 
live  position,  but  the  whole  figures  change  their  place  in  the  field  of 
vision.  By  an  energetic  movement  of  the  eyes  we  can  cause  thero  to 
shift  their  place  somewhat  to  the  side  or  upwards,  but  they  soon  return 
to  their  original  situation,  and,  after  tiaving  previously  risen,  they 
gradually  sink  again.  Many  persons  have  such  figures  in  considerable 
number  before  their  eyes,  but  those  in  the  middle  of  the  field  of  vision 
only  are  seen  distinctly.  In  microscopic  observations  they  often  lie  in 
front  of  the  object,  and  interfere  with  the  perception  of  it;  in  such  a  case 
I  am  in  the  habit  of  displacing  them,  by  pressing  on  the  eye  at  the  side. 
In  many  individuals  these  appearances  are  not  seen,  while  to  others 
they  are  very  troublesome.  They  are  by  some  writers  called  musc» 
▼olitantes,  and  confounded  with  certain  symptoms  which  accompany 
the  development  of  amaurosis;  but  they  are  quite  innocent  in  their 
nature,  and  exist  in  persons  whose  powers  of  vision  are  most  acute.  I 
have  been  subject  to  them  from  childhood.  Whether  they  be  owing  to 
particles  floating  in  the  aqueous  humour,  or  contained  in  the  vitreous 
body,  is  not  known. 


SECTION  II. 
OF  HEARING. 

CHAPTER  I. 

Of  the  physical  conditions  essential  to  hearing. 

A  MECHANICAL  impulse  upon  the  organ  of  hearing  excites  in  the 
auditory  nerve  the  sensation  of  noise,  or  sound;  and,  if  the  impulse  be 
rapidly  repeated  at  regular  intervals,  a  musical  tone  is  heard,  the  acute- 
ness  of  which  is  proportionate  to  the  number  of  the  impulses  imparted 
to  the  nerve  within  a  given  time.  Musical  tones  are  most  frequently 
produced  by  the  vibrations  of  elastic  bodies.  The  sounds  produced  by 
the  separate  impulses  of  the  teeth  of  a  saw,  or  of  the  wheel  in  Savart^s 
experiments,  or  by  the  impulses  of  the  water  in  the  siren  of  Cagniard 
La  Tour  (see  page  688),  give  rise,  by  their  quick  succession,  to  a  con- 
tinuous tone.  From  a  vibrating  elastic  body  which  makes  one  thousand 
vibrations  in  a  second,  if  we  reckon  the  movement  towards  both  sides, 
the  organ  of  hearing  receives  five  hundred  impulses  in  a  second,  pro- 
pagated to  it  by  the  air  or  other  soniferous  medium.  The  effect  of  these 
vibrations  is  the  same  as  that  of  five  hundred  direct  impulses  of  a  body 
which  does  not  produce  sound  by  vibrations. 
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liether  the  tones  be  excited  by  vibrations  or  mere  impulses,  the 
•agation  both  of  the  impulses  and  vibrations  to  the  organ  of  hearing 
fected  in  accordance  with  the  general  laws  of  imdulatory  or  vibra- 
motion. 

6  origrinal  prodnction  of  the  sounds  which  are  doe  to  Tibrations  n  also  reflated 
8  tame  laws,  a  knowledgre  of  which  is  consequently  necessary  in  studying  the 
iology  of  hearing. 

I.  Of  unduiatiofu  in  general,* 

hen  the  state  of  equilibrium  of  the  different  parts  of  any  body  has  been  disturbed 
I  external  cause,  the  complete  recovery  of  the  previous  state  of  repose  is  preceded 
movement  in  wiiich  the  different  parts  of  the  oody  alternately  approach  the  posi- 
if  rest,  and  are  removed  from  it.  If  a  pendulum  is  driven  towards  one  siae,  it 
ones  to  move  in  that  direction  until  the  moving  force  =0;  it  is  then  drawn  down 
e  force  of  gravity,  falling  with  increasing  rapidity,  which  prevents  it  from  imme- 
ly  resuming  the  state  of  rest,  and  causes  it  to  ascend  on  the  opposite  side;  and 
movements  are  repeated  until  the  equilibrium  is  restored.  Movements,  in  which 
arts  of  a  body  alternately  approach  and  depart  from  the  state  of  equilibrium,  are 
1  vibrations,  oscillations,  or  undulations.  Undulations  are  either  undulations  of 
:ion,  or  flexion-waves,  consisting  in  the  surface  of  the  body  being  thrown  into 
late  elevations  and  depressions  without  any  change  in  its  density;  or  they  consist 
ecassive  condensations  and  rarefactions,  without  the  form  of  the  surface  being 
|ed.  The  rarefactions  in  this  case  correspond  to  the  depressions  of  the  undula- 
of  inflexion.  Vibrations  or  oscillations  are  either  progressive,  when  they  tra- 
I  the  different  parts  of  a  body  in  succession;  or  they  are  stationary,  in  which  case, 
;hose  of  a  pendulum,  they  do  not  change  their  place. 

UndulaiionM  tf  inflexion^  or  elevation  and  depression,  in  incompressible  Jluids,^-^ 
imdolations  of  inelastic  fluids  are  disturbances  of  the  equilibrium  of  thetr  surface 
sertain  depth.  Gravity  is  the  prime  cause  of  this  kind  of  undulatory  movement, 
undulations  in  water  are  much  too  slow  to  give  rise  to  sound.  It  is,  however, 
rtant  to  become  acquainted  with  their  laws,  since  the  laws  of  undulations  gene- 
can  be  most  easily  observed  in  them. 

•ogressive  undulations. — If  the  equilibrium  of  a  fluid  is  disturbed  at  any  one  point, 

lar  undulations  with  circular  elevations  and  depressions  are  formed  around  this 

4  each  undulation  extending  outwards  from  it,  and  being  followed  by  another. 

stronger  the  impulse,  the  higher  are  the  elevations  of  the  waves,  and  the  more 

I  is  tiieir  motion;  though  this  is  also  influenced  by  the  depth  of  the  fluid.    If 

lations  are  excited  in  a  fluid  contained  in  a  deep  channel  with  parallel  sides  by 

apulse  actincr  on  the  whole  breadth  of  the  fluid,  their  motion  is  progressive  in  a 

jht  line,  and  they  do  not  form  circles  moving  from  a  centre.    The  motion  of 

)S  is  not  produced  by  the  progressive  motion  of  the  particles  of  water;  on  the 

"ary,  the  water  itself  is  stationary,  the  waves  only  move  over  its  surface.    The 

elet  of  water  in  the  situation  of  a  wave  merely  suffer  a  movement  of  rotation: 

I  in  a  hollow  as  the  wave  approaches  them,  they  successively  form  the  most 

ited  part  of  it;  the  wave  still  moving  onwards,  they  come  gradually  to  form  the 

Bssion  behind  the  wave,  whence  they  again  rise  as  the  next  approaches. 

when  undulations  meet  from  opposite  directions,  the  elevation  of  one  coincides 

the  depression  of  the  other,  they  neutralize  each  other,  and  the  surface  of  the 

remains  level;  but,  beyond  their  place  of  meeting,  the  waves  again  appear  mov^ 

mwards  in  their  original  direction. 

^hen  parallel  waves  coming  from  different,  but  not  directly  opposite  directions, 
sect  each  other,  both  the  effects  above  mentioned  are  produced  at  different  points. 
I  is  the  "  interference**  of  waves. 

^aves  are  reflected  by  the  surfaces  of  solid  bodies;  and  in  the  case  of  a  wave,  as 

ray  of  light,  the  angle  of  reflection  is  equal  to  the  angle  of  incidence.    If  a  wave 

nagined  to  consist  of  a  series  of  forces  moving  forward^  side  by  side,  each  part 

le  wave  will  be  reflected  by  the  solid  surface  at  tlie  same  angle  as  that  under 

E.  H.  and  W.  Weber,  WeUenlehre;  Leipx.  1825.— Eisonlohr,  Lehrbuch  der  Physik; 
nbeim,  1836,  131. 
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which  it  impingfed  on  the  snrface,  and  thence  will  result  a  system  of  reflected  portions 
of  waves  which  will  together  form  a  reflected  ware.  The  direction  of  the  reflected 
wave  may  he  either  the  same  or  different  from  that  of  the  original  wave.  The  re- 
flected and  incident  waves  have  the  same  direction,  when  straight  waves  are  produced 
in  a  channel,  as  above  described,  and  when  these  waves  impinge  in  a  perpendicular 
direction  on  the  reflecting  surface,  and  also  when  circular  concentric  waves  issuing 
from  one  point  strike  upon  a  surface  which  itself  forms  a  concentric  circle  around  that 
point;  in  the  latter  case  the  reflected  waves  move  back  again  towards  the  central  point 
whence  they  arose. 

A  circular  wave  or  undulation  is  reflected  from  a  plane  surface  in  the  direction  which 
m  wave  would  have,  that  issued  from  a  point  at  the  same  distance  behind  the  sarface 
M  the  central  point  of  the  original  wave  lies  in  front. 

Waves  passing  through  an  opening  in  any  solid  body  do  not  retain  the  form  which 
they  had  in  the  opening;  on  the  contrary,  their  extremities  which  have  passed  the 
margins  of  the  opening  receive  a  circular  inflexion  around  these  margins,  in  conte* 

Jiaence  of  which  the  waves,  after  their  exit,  not  merely  extend  forwards,  but  also  in  the 
ateral  direction.    This  is  the  *^  inflexion**  of  waves. 

B.  Uhdulaiions  tf  inflexion  or  fltxion-wavea  in  aoiid  6m/ie«.— The  cause  of  the  onda- 
lations  of  this  kind  in  fluids  is  the  force  of  gravity;  in  solid  bodies  it  is  the  force  of 
cohesion  and  elasticity.  These  undulations  are  much  quicker  in  solid  bodies  than  in 
water,  and  in  elastic  bodies  are  the  cause  of  sound. 

If  a  stretched  cord  or  string  of  a  musical  instrument  is  struck,  not  at  its  middle,  bat 
near  one  extremity,  an  extension  of  it  is  produced  at  this  part,  and  is  communicated  as 
m  wave  or  oscillation  to  the  whole  cord,  travelling  from  one  end  to  the  other  where  it 
Is  reflected  black  again  like  the  undulations  of  fluids. 

If  the  cord  or  string  is  struck  several  times  in  succession,  a  regular  series  of  ondo- 
lations  is  produced,  as  upon  the  surface  of  water.  The  reflection  of  these  undulations 
at  the  extremity  of  the  cord,  and  the  meeting  of  the  incident  and  reflected  undulations, 

give  rise  to  the  stationary  vibrations;  and  the  parts  of  the  cord  which  remain  at  rest 
etween  these  stationary  waves  or  vibrations  are  the  **  nodal  points.*' 
The  simplest  stationary  vibration  of  a  cord  or  string  is,  however,  that  which  re* 
solta,  not  from  the  meeting  of  progressive  undulations,  but  from  the  transverse  vibra- 
tion or  movement  from  side  to  side  of  the  whole  cord  between  its  fixed  extremities* 
which  here  constitute  the  nodal  points.  This  kind  of  vibration  is  induced  most  readily 
by  striking  a  stringr  with  the  finger,  or  with  a  violin-bow.  The  transverse  osoillalioa 
of  solid  bodies  which  do  not  ovire  their  elasticity  to  tension,  such  as  metal  rods  fixed 
at  one  extremity  only,  is  also  an  instance  of  stationary  vibration. 

C.  Undulations  if  eondenaation  in  liquids^  gosea^  and  aolid  bodiea,^-T\ie  undulations 
of  inflexion  in  water  are  not  attended  with  any  condensation  and  rarefaction,  nor  are 
they  necessarily  so  in  a  cord  or  string.  If  the  cord  is  not  extensile,  or  not  elastic,  the 
undulations  of  inflexion  may  be  produced  by  the  mere  displacement,  and  the  striving 
of  the  parts  of  the  cord  to  regain  the  straight  direction.  Generally,  however,  the 
waves  of  inflexion  in  strings  are  attended  with  alternations  of  condensation  and  rare- 
faction. The  peculiarity  of  the  undulations  of  inflexion  consists  in  many  parts  of  the 
body  having  imparted  to  them  so  considerable  a  movement  in  the  direction  perpen- 
dicular to  its  surface,  that  the  form  of  the  surface  undergoes  a  visible  change. 

Undulations  excited  in  the  air  consist  of  progressive  condensations  and  rarefactions. 
The  part  where  the  condensation  exists  is  analogous  to  the  elevation;  that  where  the 
rarefaction  is,  to  the  depression  of  an  undulation  of  inflexion.  A  progressive  undula- 
tion travelling  through  a  column  of  air  in  a  tube  is  reflected  at  the  extremity  of  the 
tube  if  this  is  closed,  and  its  retrograde  course  retains  its  original  properties.  The 
wave  is  also  imperfectly  reflected  even  when  the  extremity  of  the  tube  is  open;  but, 
experience  has  shown  that  in  that  case  the  properties  of  the  undulations  are  reversed* 
its  rarefaction  taking  place  where  its  condensation  should  be,  and  vice  verad.  Undu- 
lations in  the  open  air  have  a  spherical  form.  {Weber,  op.  cit.  §  276.) 

II.  Of  the  atationary  and progreaaive  undukUiona  of  aonoroua  bodieam 

The  vibrations  of  sonorous  bodies  are  either  undulations  of  inflexion,  or  undulations 
of  condensation.  Either  of  these  kinds  of  undulations,  or  both  siroultaneouslT*  may 
take  place  in  strings  and  solid  bodies  which  give  sound.  Columns  of  air,  in  yielding 
sound,  are  the  seat  of  undulations  of  condensation  only*  The  undalations  of  i 
bodies  may  be  either  stationary  or  progressive. 


UNDITLATIOirS  OF  SONOBOITS  BODnS.  747 

e  rate  of  the  vibrations  of  stretched  strings,  or  the  nnmber  of  the  impnlses  which 
impart  to  the  air,  increases  in  an  inverse  ratio  with  their  length,  and  in  a  direct 
with  the  squares  of  the  extending  forces.  Thas  a  string  which  performs  one 
red  vibrations  in  a  second  of  time,  if  reduced  to  half  the  lenjrth,  will  vibrate 
lundred  times  in  the  same  period,  the  extending  force  being  equal;  or,  its  length 
ining  the  same,  if  it  performs  one  hundred  vibrations  with  an  extending  force  of 
9th  ([half  an  ounce],  it  will  vibrate  two  hundred  times  when  the  extending  force 
s  four  loth,  four  hundred  times  when  the  extending  force  is  sixteen  loth, 
norous  rods  are  also  susceptible  of  stationary  vibrations,  the  number  of  which  in 
en  time  will  be  in  a  direct  ratio  with  the  thickness  of  the  rods  or  bare,  and  in  an 
•e  ratio  with  the  squares  of  their  length. 

ider  certain  circumstances  a  progressive  movement  of  the  summit  of  the  undula- 
is  combined  with  a  stationary  transverse  vibration,  without  any  change  in  the 
ity  of  the  transverse  vibrations  being  thereby  induced:  for  instance,  when  a 
1^  is  struck  near  one  of  its  fixed  points,  it  not  merely  performs  transverse  vibre- 
,  such  as  it  makes  when  struck  at  its  middle, — that  is,  transveree  vibrations 
1  in  length  to  the  whole  length  of  the  string, — but  the  summit  of  this  stationary 
lation  travels  to  and  fro  from  one  end  of  the  string  to  the  other,  being  reflected 
leh  of  its  fixed  points.  The  nnmber  of  vibrations  of  a  string  thus  vibrating  is 
;]y  the  same  as  that  of  a  string  the  summit  of  whose  vibrations  remains  constantly 
e  middle;  and  as  the  acute  or  grave  character  of  a  sound,  or  its  pitch,  always 
ads  on  the  number  of  vibrations  performed  within  a  certain  time,  the  **  pitch**  of 
ote  produced  is  in  both  cases  the  same,  but  the  **  tone**  is  somewhat  different. 
Is  an  important  circumstance  in  relation  to  the  theory  of  the  **  tone,"  or  quality 
Serent  sounds. 

itionary  undulations  or  vibrations  are  produced  also  when,  by  touching  lightly  a 
)hed  string,  we  give  rise  to  a  nodal  point  in  that  situation,  and  then  strike  the 
of  the  string  thus  isolated.  If,  for  example,  the  string  is  touched  at  its  middle, 
Mther  its  upper  or  lower  half  then  struck  with  the  violin-bow,  not  merely  doe* 
lalf  that  is  struck  become  the  seat  of  transveree  vibrations,  but  the  other  half  also 
itet  from  side  to  side,  though  in  the  opposite  direction.  The  number  of  the 
itiona  in  a  given  time  is  in  this  case  twice  as  great  as  when  the  strinff  vibrates  in 
^hole  length,  and  the  sound  produced  is  the  octave  of  the  fundamental  note  of  the 

f.  If  the  string  is  touched  at  the  point  of  junction  of  its  firet  and  middle  third,  a 
point  is  formed  between  its  middle  and  last  third  also,  and  the  number  of  the 
itions  is  three  times  as  great  as  that  of  the  vibrations  of  the  entire  string  within 
arae  period.  In  the  same  way,  by  isolating  and  striking  a  fourth  or  fifth  of  the 
;,  a  regular  division  of  the  string  into  four  or  five  vibrating  portions,  separated 
odal  points,  is  induced.  Pieces  of  paper  placed  upon  these  nodal  points  during 
ribretion  of  the  strin?  are  not  thrown  oflf.  The  sounds  resulting  from  the  vibra- 
of  a  string  thus  divided  by  nodal  points  are  called  *^  harmonic  notes.** 
)th  stationary  and  progressive  undulations  of  elastic  bodies  are  adequate  to  the 
action  of  the  phenomena  of  musical  sounds,  if  they  are  regularly  repeated;  for 
the  stationary  vibrations  become  progressive  undulations  when  communicated  to 
octing  media:  each  stationary  vibration  excites  in  the  air,  in  water,  or  in  solid 
BS  capable  of  conducting  sound,  a  progressive  undulation. 

Ninds  may  be  produced  in  solid  bodies,  as  well  as  in  columns  of  air  in  tubes,  by 
ressive  undulations  of  condensation.  Rods  may  be  thrown  into  longitudinal 
ilations  of  condensation  and  rarefaction  by  friction  in  the  longitudinal  direction. 
w  progressive  undulations  of  condensation,  without  any  transverse  vibration,  may 
vise  produce  sound  in  a  stretched  string. 

vibrating  string  is  prone  to  yield,  besides  its  fundamental  note,  another  fainter 
idya  harmonic  of  the  other;  as  the  fifth,  or  the  third  of  the  higher  octave.  The 
«r  sounds  accompanying  the  principal  sound  of  a  bell  are  well  known, 
he  column  of  air  in  pipes  is  susceptible  of  no  transverse  vibrations,  but  merely  of 
progressive  undulations  of  condensation,  which  travel  to  and  fro  along  the  length 
16  tube.  The  blast  is  continuous;  but  the  effect  which  it  produces  is  intermits 
.  The  number  of  undulations  within  'a  given  time,  or,  what  is  the  same  thing, 
langth  of  the  ondolations,  is  deiermined  by  the  length  of  the  column  of  air. 
fsntle  blast  givw  rise  to  ttie  fondamcntal  note  of  a  covered  pipe,  in  which  case 
Mdal  jN^t  Um  at  the  eztniaity  of  Um  colonm  of  air.    The  tame  blast  causes  the 
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development  of  a  nodal  point  in  the  middle  of  the  column  of  air  In  an  open  pipe,  and 
the  note  produced  is  consequently  an  octare  higher.  By  blowin^^  with  greater  force* 
the  column  of  air  is  made  to  aubdiride  itself  still  further,  and  higher  notes  are  the 
lesult. 

We  have  lastly  to  explain  the  difference  which  obtains  between  a  mere  **  noise*" 
a  **  report,"  a  *' continued  sound  fiot  of  musical  character,"  a  **  musical  sound,**  and 
**  tone."  Any  impression  upon  the  organ  of  hearing  by  an  undulation,  or  several 
vndulatioDS,  communicated  to  it,  gives  rise  to  a  sound  or  noise.  This  sound,  when 
produced  by  a  single  impulse,  is  short  in  duration;  and,  if  intense,  has  the  character 
of  a  '^  report."  The  intensity  of  the  sound  depends  on  the  extent  of  the  excnrsioos 
of  the  vibrating  particles.  The  'Equality"  may  be  very  various.  Wood,  pasteboardy 
and  metal  produce  each  a  sound  of  diSerent  quality.  The  quality  of  the  sound  ap« 
pears  to  depend  partly  on  the  form  of  the  undulations,  and  partly  on  the  simultaneous 
existence  of  undulations  of  different  rapidity.  One  and  the  same  body,  if  it  possess 
unequal  elasticity  in  different  directions,  may,  on  receiving  an  impulse,  become  the 
seat  of  undulations  of  different  rapidity  in  different  parts,  and  will  communicate  these 
undulations  to  a  conducting  medium,  not  simultaneously,  but  at  more  or  less  distinct 
periods,  producing  thus  in  the  latter  a  compound  wave  of  peculiar  form.  This  com- 
pound wave,  or  sum  of  waves,  is  transmitted  to  the  organ  of  hearing  in  the  same 
order  and  form  as  it  was  received  by  the  conducting  medium,  in  which  all  modnla- 
4ions  are  propagated  with  equal  rapidity.  {Eisenlokr^  Lehrbwch  d,  Phy$ik,  p.  151.) 
The  circumstance,  also,  that  a  body  may  be  affected  with  a  transverse  and  longi- 
todinal  vibration  at  the  same  time,  has  a  share  in  the  production  of  the  quality  of  a 
sound. 

If  several  undulations  succeed  each  other,  a  more  or  less  prolonged  sound  resnlts, 
which  may  or  may  not  have  a  musical  quality.  A  succession  of  similar  or  dissimilsr 
short  sounds,  at  unequal  intervals,  gives  rise  to  various  unmusical  sounds  or  noises. 
A  succession  of  short  sounds,  even  at  equal  intervals,  if  the  individual  aoonds  are 
distinguishable,  does  not  produce  a  musical  sound.  For  the  production  of  a  sonnd  of 
musical  character,  it  is  necessary  that  the  succession  of  separate  sounds  or  impulses  be 
not  recognisable.  The  height  or  pitch  of  a  musical  sound  depends  on  the  rapidity  with 
which  the  separate  impulses  succeed  each  other.  Savart's  experiments  with  the  toothed 
wheel  illustrates  the  mode  of  production  of  musical  sounds:  as  long  as  the  separate 
strokes  of  the  teeth  can  be  heard,  the  sound  has  not  a  musical  character;  but  acquires 
it  when  they  are  made  to  succeed  each  other  more  rapidly,  although  the  nnmusiesl 
quality  of  the  sounds  resulting  from  the  impulse  of  the  separate  teeth  is  still  heard. 
A  continued  sound  of  definite  musical  value  may  therefore  result,  not  merely  from  a 
regular  succession  of  simple  waves  orvihrations,  but  also  from  a  regular  succession  of 
very  compound  undulations,  such  as  separately  constitute  short  unmusical  sounds.  A 
full  and  pure  musical  sound  requires  for  its  production  simple  undulations  of  sufficient 
strength  without  the  irregular  intermediate  undulations.  The  quality  of  ^^tone,"  or 
*Mimbre,"  possessed  by  a  musical  sound,  is  dependent  on  the  same  causes  as  the 
quality  of  a  simple  sound  not  musical;  the  musical  sound  differs  merely  in  the  undu- 
lations which  produce  it,  succeeding  each  other  at  regular  intervals. 

III.  Of  the  undulations  by  which  sound  is  propagated. 

Of  the  proe^ressive  undulations  engaged  in  the  propagation  of  sound.  (After  Weber, 
op.  cit.  p.  501.) — The  propagation  of  the  vibrations  of  sonorous  bodies  is  effected 
ordinarily  by  undulations  of  condensation  and  rarefaction,  not  by  undulations  of  in- 
flexion. Sonorous  vibrations  are  propagated  even  in  water  by  means  of  undulations 
of  this  kind;  by  a  movement,  therefore,  very  different  from  the  undulations  of  eleva- 
tion and  depression  of  the  surface  of  the  water. 

An  impulse  in  every  direction  imparted  to  the  air  at  one  point  gives  rise  to  a  spheri- 
cal wave  of  condensed  air,  of  the  form  of  a  hollow  sphere,  which  extends  equally 
in  all  its  dimensions,  maintaining  consequently  its  spherical  form.  A  spherical  body 
suddenly  expanding  in  the  air  would  excite  such  a  wave.  The  particles  of  air  which 
receive  the  impulse  from  such  a  body  thus  suddenly  expanding,  acquire  at  first  a 
motion  in  a  direction  corresponding  to  that  of  the  impulse, — namely,  in  the  direction 
of  the  radius  of  the  expanding  sphere;  and,  subsequently,  when  the  expanding  body 
eontracts  again  and  produces  a  rarefaction  around  it,  a  motion  in  the  opposite  direction. 
All  the  particles  of  the  air  traversed  by  the  spherical  wave*  or  undulation,  ezperienM 
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•tme  moreiDent.  The  extent  of  the  forward  and  retroffrade  motiom  of  the  par- 
te of  air,  which  is  to  be  regarded  as  the  eaine  thing  as  the  height  of  the  elevation 
he  undulations  on  the  aarface  of  water,  decreaaea  with  the  progress  of  the  wave, 
le  the  thickness  of  the  wave  remains  the  same,  just  as  a  circular  wave  excited 
a  the  surface  of  water  becomes  lower  as  it  extends  itself,  though  its  breadth  re- 
ns  unaltered.  The  cavity  of  the  spherical  wave  increases  uniformly  in  diameter; 
its  circumference  consequently  increases  as  the  square  of  its  diameter.  The  eleva- 
of  the  undulation  decreases  in  the  same  ratio.  This  is  the  cause  why  the  inten- 
of  a  sound  diminishes,  in  the  open  air,  in  an  inverse  ratio  with  the  squares  of  the 
inoe  from  its  origin.  In  the  motion  of  the  air  in  a  tube  no  cause  for  the  diminujioa 
la  intensity  of  the  sound  exists. 

he  intensity  with  which  sounds  are  conducted  depends,  emiertM  paribus^  on  the 
tion  existing  between  the  sonorous  body  and  the  conducting  medium.  The  more 
latter  resembles  in  its  physical  properties  the  body  which  yields  the  sound,  the 
B  perfectly  will  it  conduct  it,  and  vice  vend.  The  column  of  air  of  a  wind  inslnn- 
t,  for  example,  communicates  its  sonorous  vibrations  in  such  perfection  to  the 
Nphere,  that  the  interposition  of  other  media  does  not  tend  to  increase  the  in- 
itj  of  the  sound;  while  to  solid  bodies,  on  the  contrary,  the  vibrations  of  a  column 
ir  are  not  readily  communicated.  On  the  other  hand,  solid  bodies  impart  their 
ations  imperfectly  only  to  the  air,  and  in  all  their  intensity  to  other  solid  bodies, 
sever,  sonorous  undulations,  in  their  transition  from  one  medium  to  another 
treat  medium,  are,  like  rays  of  light,  partly  reflected.  These  considerations  aflbrd 
ixplanation  of  the  interruption  offered  by  rocks  to  sounds  excited  in  the  air,  and 
be  circumstance  that  the  sonorous  vibrations  of  a  solid  body,  such  as  a  rod,  are 
manicated  to  the  ear  with  greater  intensity  by  means  of  a  cord  than  through  the 
rvention  of  the  air.  Mr.  Wheatstone  states,  {Jinn,  de  Cfumie  et  de  Pkyt.  t.  xxtii. 
17,)  that  by  means  of  a  wire  the  sounds  produced  by  a  stringed  instrument,  may 
onducted  to  a  resounding  body  placed  at  a  considerable  distance. 
twonanee  is  a  means  of  rendering  a  sound  louder  than  it  is  as  produced  by  the 
iding  body  itself.  It  consists  in  increasing  the  extent  of  surface  of  a  soniferous 
inm  similar  in  kind  to  the  sounding  body.  Hence  the  increase  of  sound  produced 
>lacingr  a  vibrating  tuning-fork  upon  a  solid  body.  The  influence  of  the  bridge 
sounding-board  of  strinsed  instruments  is  due  to  the  same  principle.  Greater 
nance  is,  however,  produced  by  an  insulated  body  than  by  one  which  has  no 
amscribed  surfaces;  for  an  insulated  body  reflects  back  a  part  of  the  undulations 
lin  it  at  its  borders  and  surfaces,  and,  these  reflected  undulations  meeting  with  the 
nlations  newly^excited  in  it,  an  increased  extent  of  the  excursions  of  the  oscillating 
ieles,  answering  to  the  increased  height  of  the  elevations  of  flexion-waves,  is  pro- 
9d.  {Weber,  op.  cit.  p.  536.) 

UUionary  vibrations  in  bodies  conducting  9ound,-^ttXionvjy  vibrations  are  developed 
odies  to  which  sonorous  vibrations  are  communicated,  and  which  are  insulated, 
St  the  same  time  elastic.  We  have  stated  that  progressive  sonorous  undulations 
n  insulated  body  are  reflected  at  its  borders  and  angles;  and  that,  in  consequence 
his,  the  undulations  newly  communicated  to  the  body,  and  those  reflected  within 
neet  and  intersect  each  other. 

'he  sound  of  one  body  may,  under  certain  conditions,  excite  in  another  insulated 
itic  body  not  merely  resonance,  but  also  a  new  production  of  sound;  the  sound 
tied  by  the  body  thus  secondarily  thrown  into  sonorous  vibration,  being  in  this 
)  the  note  peculiar  to  itself;  and  different  from  that  produced  by  the  body  primarily 
etad.  Stretched  strings  will  reciprocate  the  sounds  of  other  bodies  by  the  notes  for 
ch  their  degree  of  tension  flts  them;  for  this  to  occur,  it  appears  to  be  necessary 
merely  that  the  sonorous  body  secondarily  aflected  be  very  elastic  and  bounded  by 
I  surfaces,  but  also  that  the  number  of  the  vibrations  in  the  note  w^hich  it  is 
pted  to  yield  should  bear  a  simple  numerical  relation  to  those  of  the  original 
nd. 

D  musical  glasses  filled  with  water,  and  the  vessel  thrown  into  sonorous  vibrations 
Dsans  of  a  violin-hew,  the  surface  of  the  water  dividing  itself  into  several  com- 
tments  (four,  six,  or  eight,  according  to  the  height  of  the  note  produced,)  separated 
nodal  lines,  between  which,  if  the  stroke  of  the  bow  was  gentle,  stationary  undu- 
ons  are  seen  directed  perpendicnlariy  sgainst  the  internal  surface  of  the  vessel.  If 
■tfoke  of  the  bow  was  stronger,  other  figares  are  produced;  end,  by  the  decus- 

63* 
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eition  of  undulations  having  different  directions,  rhomboidal  statiooary  undnlatioMi 
are  developed.  The  water,  moreover,  accamnlates  in  the  vibrating  segments,  ayd  is 
spirted  out  of  the  vessel  when  the  action  of  the  bow  is  violent.  If  the  glass  vessel 
is  thrown  into  vibration  by  the  friction  of  the  finger  upon  its  margin,  the  vibrating 
segments  and  the  nodal  lines  move  round  in  a  circle,  following  the  movement  of  the 
finser. 

The  application  of  the  violin  bow  to  the  border  of  a  lamina  of  glass,  of  which  the 
surface  is  covered  with  a  thin  layer  of  water,  gives  rise  to  the  same  phenomena  in  a 
still  more  marked  degree. 

The  rapidity  with  which  sound  ta  propagated  depends  on  the  density  and  elasticity 
of  the  body.  The  rapidity  in  dry  air,  at  a  temperature  of  3d^  Fahr.  is  at  the  rale  A 
332A9  metres,  or  1033.194  feet  (Parisian  measure),  [or  about  1090  feet  English  mea- 
sure^  in  a  second.  Its  rapidity  increases  with  the  rise  of  temperature.  Sound  is  pro* 
pagated  in  water  with  about  four  times  greater  velocity  than  in  air;  in  solid  bodies  its 
rapidity  of  transmission  is  still  greater.  Iron  propagates  soand  with  ten  and  a  half 
times,  wood  with  eleven  times,  greater  rapidity  than  atmospheric  air. 

MeJUction  of  sound, — In  relation  to  their  reflection,  the  undulations  of  sound  re- 
semble those  of  light;  in  passing  from  one  medium  into  another  different  one,  they 
are  in  part  reflected,  and  in  part  only  propagated  onwards.  The  ticking  of  a  watch 
placed  in  the  focos  of  a  concave  mirror  may  be  heard  in  the  focus  of  another  mirnror 
placed  so  as  to  receive  and  concentrate  the  reflected  sonorous  nndalations.  It  is  owing 
to  sonorous  vibrations  of  air  being  propagated  with  more  facility  in  that  medium  than 
they  are  imparted  from  it  to  solid  bodies,  that  sounds  are  transmitted  in  their  full  in- 
tensity through  tubes,  just  as  on  the  same  principle  solid  rods  propagate  sonorous 
vibrations  to  great  distances  almost  without  any  loss  of  intensity*  A  speaking' 
trumpet  represents  a  parabola,  in  the  focus  of  which  the  sound  is  excited.  Being 
reflected  by  the  parabolic  surface,  the  sonorous  undulations  are  all  thrown  in  a 
direction  parallel  to  the  axis  of  the  parabola.  The  cause  of  the  increased  in- 
tensity given  to  the  sound  by  the  speaking-trumpet  is,  for  the  most  part,  the  coin- 
cidence of  newly  excited  undulations  with  others  already  reflect^L,  produdog 
undulations  with  ^eater  condensations  and  rarefactions.  But  the  resonance  of  the 
confined  mass  of  air  in  the  tube  also  contributes  to  this  effect;  for  the  air  of  a  tubs 
open  at  both  extremities,  while  it  propagates  sound,  also  becomes  the  seat  of  re- 
sonance. The  ear-trumpei  becomes  narrower  towards  the  ear,  and  consequently  con- 
centrates the  sonorous  undulations.  If  its  walls  have  the  parabolic  form,  and  the  focos 
of  the  parabola  be  at  a  point  near  the  ear,  sonorous  undulations  coming  in  a  direction 
parallel  with  the  axis  of  the  parabola  will  of  course  be  brought  to  a  focus  near  the 
ear.  {Eisenlohr^  loc.  cit.  p.  164.)  If  a  reflecting  surface  is  situated  so  as  to  throw 
sonorous  undulations  upon  the  ear,  and  is  at  such  a  distance  that  the  reflected  undu- 
lations reach  the  ear  perceptibly  later  than  the  undulations  coming  direct  from  the 
sounding  body,  an  echo  results,  which  is  perfect  when  the  difference  of  time  is  so 
great  that  the  two  series  of  undulations  strike  the  ear  at  perfectly  distinct  periods. 


CHAPTER  II. 

II.  OF  THE  DIFFERENT  FORMS  OF  THE  AUDITORY  APPARATUS,  AND  OF  ITS 

ACOUSTIC  PROPERTIES. 

1.  Of  the  different  forms  of  the  organ  of  hearing. 

In  the  greater  number  of  invertebrate  animals  there  are  no  parts 
known  which  can  be  regarded  as  analogous  to  the  organ  of  bearing  of 
the  higher  clases;  and  in  the  case  of  many  animals  it  may  be  doubted 
whether  they  really  hear  at  all;  for  every  reaction  of  nerves  under  the 
influence  of  vibrations  cannot  be  called  the  sensation  of  eeoiidy. 
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sense  of  touch  is  capable  of  perceiving  the  same  vibrations  as  a 
Qor.* 

1  all  cases  the  first  essential  of  an  organ  of  hearing  is  the  special 
re  endowed  with  the  property  of  perceiving  impulses  as  sound;  and, 
t  to  this,  an  apparatus  adapted  for  conducting  these  impulses  to  the 
ire.  Inasmuch,  however,  as  all  matters  have  the  property  of  propa- 
ng  sonorous  vibrations  as  undulations  of  condensation,  it  is  evident 
;  a  special  apparatus  for  conducting  these  vibrations  may  be  absent; 

this  enables  us  to  understand  why  no  special  auditory  apparatus  has 
a  hitherto  found  in  many  invertebrate  animals.  The  auditory  nerve, 
lerely  in  contact  with  the  solid  parts  of  the  head,  will  be  as  certainly 
cted  by  the  vibrations  communicated  to  tho^^e  parts  as  if  it  were 
)ad  out  in  a  special  organ. 

rAe  simplest  form  of  the  organ  of  hearing  in  which  a  special  ap- 
Uus  is  added  to  the  nerve  with  the  specific  endowment,  is  a  small 
containing  fluid,  with  the  auditory  nerve  expanded  upon  it.  The 
orous  vibrations  are  communicated  to  this  organ,  either  through  the 
lium  of  the  hard  parts  ofthe  head  alone,  or  at  the  same  time  by  the 
tiguous  hard  parts,  and  by  a  membrane  lying  freely  exposed  to  the 
rounding  medium.  This  is  the  form  of  the  organ  of  hearing  in  the 
stacea  among  the  Articulata^  and  in  the  Cephalopoda  among  the 
llusca. 

rhe  organ  qf  hearing  in  the  vertebrata  is  in  no  instance  so  simple 
in  these  invertebrate  animals.  It  was  formerly  thought  that  the 
romyzon  resembled  the  Invertebrata  in  this  respect;  but  my  re- 
rches  have  shown  that  they  possess  a  complicated  labyrinth  with 
^  semicircular  canals.    In  tracing  the  organ  of  hearing  from  fishes 

to  Mammalia,  we  find  it  present  a  progressive  development  and 
leasing  complexity. 

H  birds  the  organ  of  hearing  has  in  some  respects— namely  in  the 
icture  of  the  tympanum,  columella,  and  cochlea,— the  same  confor- 
tion  as  in  the  Crocodilida  and  Lacertae.  The  tympanum  communi- 
38  with  cavities  in  the  cranial  bones,  which  thus  become  filled  with 

and  increase  the  extent  of  surface  tending  by  resonance  to  render 
nds  more  intense. 

Mammalia  generally  have  an  organ  of  hearing,  which  is  not  essen- 
ly  different  from  that  of  man,  and  the  varieties  of  form  which  it 
sents  are  not,  for  the  most  part,  of  such  physiological  importance  as 
render  it  necessary  for  us  to  describe  them.  The  cochlea  is  always 
tvoluted,  and  possesses  a  spiral  lamella,  formed  partly  of  bone  and 
'tly  of  membrane,  running  round  the  central  nK>diolus;  the  cochlea 
the  Ornithorhynchus,  and  that  of  the  Echidna,  are  the  only  excep- 
is,  resembling  in  all  respects  the  same  part  in  birds.  The  bony 
ipanum  has  in  many  Mammalia  the  form  of  a  large  osseous  pouch, 
lerally  resulting  froai  a  development  of  the  os  tympanicum.  In  many 

For  an  accoant  of  the  parts  regarded  as  orgrans  of  hearinp^  in  insects,  see  Compa^ 
i,  Obs.  AnaU  de  Aare  Interna  Comparata;  Patavii,  1789:  Treviranus,  Ann.  d. 
illenuischen  GeseUschaft,  B.  i.  8;  Frankfort,  1809,  p.  169:  Ramdohr,  Magazin  d. 
ipDMiaft  Natarforsebeoder  Fimiad«;  Berlin,  1811,  p.  389;  J.  Miiller,  Physiol,  des 
iMn  simm,  p.  417. 
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animals  the  cavity  of  the  tympanum  extends  into  other  contiguous 
bones.  In  some  there  is  also  a  second  superior  tympanum,  formed  by 
the  pouch-like  expansion  of  the  os  petrosum  upwards  and  backwards; 
such  a  cavity  exists,  for  example,  in  the  genera  Pedetes,  Dipus,  and 
Macroscelides.  These  are  all  means  for  increasing  the  extent  of  the 
cavities  for  resonance.  The  Cetacea  and  the  Ornithorliynchus  have  no 
external  ear;  the  Eustachian  tube  in  the  Delphinus  family  opens  into 
the  nasal  cavity;  and  the  external  auditory  passage  of  animals  living 
entirely  in  the  water  is  extremely  narrow. 

The  ultimate  di$tribution  (fihe  auditory  nerve  in  the  eochlea,  and  the  obserratiooa  of 
TreyiranuB  and  Gottsche  relatire  to  that  subject,  haye  been  referred  to  at  page  493. 
Just  as  the  neryous  fibres  are  spread  out  in  the  cochlea  u[)on  the  lamina  spiralis  for 
the  purpose  of  being  in  contact  on  both  sides  with  the  fluid  of  the  labyrintn,  so  also 
in  the  ampullae  of  the  semicircular  canals  they  are,  as  Steifensands  has  shown,  (JfiA* 
ier^eJrehiv,  1835, 171,)  expanded  upon  a  process,  which  boweyer  is  not  carried  entirely 
IhroQgh  the  ampulla,  but  merely  projects  into  it.  Into  the  ampulla  of  each  semieir- 
ealar  canal  in  Mammalia  a  transyerse  rounded  body  projects  like  an  imperfect  septum 
at  the  part  corresponding  to  the  expansion  of  the  nenre  on  the  ampulla.*  In  birds,  a 
process  with  a  rounded  extremity  projects  upwards  from  this  septum,  and  another 
similar  one  downwards;  so  that  the  whole  resembles  a  cross,  of  which  the  transyerse 
branches  are  fixed  to  the  walls  of  the  ampulla,  the  perpendicular  branches  free.  la 
the  tortoise,  the  rounded  septum  of  the  posterior  ampulla  has  merely  one  boss-like 
prominence  (umbo)  in  its  centre.  The  septum  of  the  anterior  ampulla  is  placed  trans- 
versely upon  the  parietes  of  the  cayity,  and  has  not  this  prominence:  in  the  external 
ampalia  only  half  of  the  septum  exists.  In  crocodiles  and  lizards  the  external  am- 
pulla resembles  that  of  the  tortoise;  the  others  haye  the  septum  of  the  cruciate  form. 
In  fishes  the  septum  is  a  rounded  transyerse  fold. 

All  the  acoustic  contrivances  of  the  organ  of  hearing  are  means  for 
conducting  the  sound,  just  as  the  optical  apparatus  of  the  eye  are  media 
for  conducting  the  light  Since  ail  matter  is  capable  of  propagating 
Bonorous  vibrations,  the  simplest  conditions  must  be  sufficient  for  mere 
hearing,  for  all  substances  surrounding  the  auditory  nerve  would  com- 
municate sound  to  it.  In  the  eye  a  certain  construction  was  required 
for  directing  the  rays  or  undulations  of  light  in  such  a  manner  that  they 
should  fall  upon  the  optic  nerve  with  the  same  relative  disposition  as 
that  with  which  they  issued  from  the  object.  In  the  sense  of  hearing 
this  is  not  requisite.  Sonorous  vibrations  having  the  most  various 
direction  and  the  most  unequal  rate  of  succession,  are  transmitted  by  all 
media  without  modification,  however  manifold  their  discussations;  and, 
wherever  these  vibrations  or  undulations  fall  upon  the  organ  of  hearing 
and  the  auditory  nerves,  they  must  cause  the  sensation  of  corresponding 
sounds.  The  whole  development  of  the  organ  of  hearing,  therefore, can 
have  for  its  object  merely  the  rendering  more  perfect  the  propagation  of 
the  sonorous  vibrations  and  their  multiplication  by  resonance;  and,  in 
fact,  all  the  acoustic  apparatus  of  the  organ  may  be  shown  to  have 
reference  to  these  two  principles. 

For  the  mere  perception  of  sounds,  therefore,  neither  membrana 
tympani,  ossicula,  cochlea,  semicircular  canals,  nor  even  the  vestibule 
and  fluid  of  the  labyrinth,  are  essential.  Hence  all  these  parts  may  be 
absent. 

*  Steifensands*  Ggnres  of  this  structure  in  man  will  be  found  copied  in  Mr.  Wharton  Jaumhi 

art  Orifan  of  Hcnring,  in  llio  Cyclopcd.  of  Anat.  and  Phyaiolofy,  which  aaay  be ""^ 

with  reference  tu  the  structure  of  the  human  car  generally. 
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the  propagation  of  sound  to  the  labyrinth  in  animals  living  in 

the  air, 

Tie  propagation  of  the  sonorous  vibrations  from  the  surface  of  the 
y  to  the  fluid  of  the  labyrinth,  requires  in  an  animal  living  in  the  air 
uch  more  complicated  apparatus  than  in  an  aquatic  animal,  in  con- 
iience  of  the  transition  of  the  vibrations  from  air  to  the  solid  parts 
ich  surround  the  organ  of  hearing  and  the  fluid  of  the  labyrinth 
)g  attended  with  much  greater  difficulty  than  the  transition  of  the 
rations  from  water  to  solid  bodies.  Accordingly,  in  most  animals 
ig  in  the  air,  the  labyrinth  has  two  fenestras,  of  which  one  is  closed 
i  membrane,  the  other  by  a  solid  operculum.  Most  of  these  ani- 
s  have  also  a  tympanum  and  Eustachian  tube,  and  a  double  means 
conducting  the  sound  from  the  exterior  to  the  labyrinth, — namely,  a 
in  of  solid  bodies,  the  ossicula  auditus,  interposed  between  the  mem- 
na  tympani  and  the  fenestra  ovalis  of  the  labyrinth;  and  the  air  of 

tympanum,  which  conducts  the  vibrations  from  the  membrana 
ipani  to  the  membrane  of  the  fenestra  rotunda.    The  dispute  which 

occupied  physiological  writers,  as  to  which  of  these  is  the  true  con- 
ting  medium  of  the  sound,  has  no  scientific  grounds.  The  air, 
nbrancs  and  small  bones  of  the  ear,  are  all  capable  of  conducting 
orous  vibrations,  and  they  do  respectively  what  their  physical  pro- 
ties  adapt  them  for.  The  propagation  of  the  sound  in  two  different 
ys  simultaneously  must  necessarily  strengthen  its  impressions.  The 
's  by  which  the  propagation  of  sound  from  the  exterior  to  the  laby- 
;h  of  animals  living  in  the  air  are  regulated,  have  not  hitherto  been 
srmined.  We  shall,  therefore,  investigate  the  subject  as  fully  as  we 
re  done  that  of  the  process  of  hearing  in  aquatic  animals. 
To  learn  the  acoustic  value  of  each  part  of  the  apparatus,  it  is  requisite 
rtudy  them  in  the  order  of  their  progressive  development. 
rhe  propagation  of  sound  to  the  fluid  of  the  labyrinth  in  animals 
titute  of  tympanum  is  seldom  left  to  the  conducting  power  of  the 
nial  bones  alone.  Sonorous  vibrations  are  imparted  too  imperfectly 
m  air  to  solid  bodies,  for  the  propagation  of  sound  to  the  internal  ear 
ye  adequately  effected  by  that  means.  In  nearly  all  animals  living 
the  air,  even  in  those  which  have  no  tympanum,  the  labyrinth  has 
opening,  or  fenestra,  towards  the  exterior,  which,  when  the  tympa- 
n  is  absent,  is  covered  by  the  skin  and  muscles. 
.  Sonorous  undulations,  in  passing  from  otr  directly  into  water,  suffer  a 
siderable  diminution  of  their  strength;  while,  on  the  contrary,  if  a  tense 
fibrane  exists  between  the  air  and  the  water,  the  sonorous  undulations  are 
tmunicatedfrom  the  former  to  the  latter  medium  with  very  great  intensity. 
This  is  the  fundamental  fact  from  which  we  start.  vVe  have  in  this 
t  at  once  an  explanation  of  the  use  of  the  fenestra  rotunda,  and  of  the 
mbrane  closing  it.  They  are  the  means  of  commtmicating  in  full 
ensity  the  vibrations  of  the  air  to  the  fluid  of  the  labyrinth,  whether 
I  tympanum  exist  or  not.  This  peculiar  property  of  membranes  is 
\  result,  not  of  their  tenuity  alone,  as  will  be  readily  conceived,  but  of 
I  elasticity  and  capability  of  displacement  of  their  particles.  In 
Miog  from  the  air  into  a  solid  body,  sonorous  vibrations  are  at  once 
i(toed  feeble,  whether  the  solid  body  itself  be  thick  or  thin;  for  the 
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impediment  to  the  propagation  of  the  vibrations  exists '  at  their  very 
transition  from  the  one  medium  to  the  other.  A  membrane  cannot 
therefore,  with  respect  to  its  infltience  in  communicating  sound  from  air 
to  water,  be  regarded  merely  in  the  light  of  a  very  thin  body.  It  is 
owing  to  the  extensile  property  of  membrane  that  sonorous  undulations 
are  so  readily  communicated  to  it  from  air,  as  though  it  were  itself  air; 
and  that  it  so  readily  imparts  them  again  to  water,  as  though  it  were 
water. 

It  is,  moreover,  not  necessary  that  the  membrane  be  impregnated 
with  moisture;  the  membrane  covering  the  end  of  the  pipe  may  be  dry, 
and  yet  the  sound  transmitted  by  it,  before  it  has  become  softened  by 
the  water,  will  be  loud.  This  fact  finds  its  application  in  the  membrane 
of  the  fenestra  rotunda  in  animals  provided  with  a  tympanum. 

II.  The  sonorous  vibrations  are  also  communicated  without  any  perceptible 
loss  of  intensity  from  the  air  to  the  water  ^  when  to  the  membrane  forming  the 
medium  of  communication  there  is  attached  a  short  solid  body^  which  occupies 
the  greater  part  of  its  surface^  and  is  alone  in  contact  with  the  water. — 
This  fact  elucidates  the  action  of  the  fenestra  ovalis,  and  of  the  mova- 
ble plate  of  the  stapes  which  occupies  it  in  animals  living  in  the  air,  but 
destitute  of  tympanum  and  membrana  tympanL 

Observations  prove  that  both  fenestra — that  closed  by  membrane 
only,  and  the  other  with  which  the  movable  stapes  is  connected — 
transmit  very  freely  the  sonorous  vibrations  from  the  air  to  the  fluid  of 
the  labyrinth. 

Progagation  of  sound  by  the  membrana  tympani  and  ossicula  auditue» 

ni.  jS  small  solid  body,  fixed  in  an  opening  by  means  of  a  border  of 
membrane,  so  as  to  be  movaole,  communicates  sonorous  vibrations,  from  mr 
on  one  side,  to  water,  or  the  fluid  of  the  labyrinth,  on  the  other  side,  much 
better  than  solid  media  not  so  constructed,  jBut  the  propagation  of  sound  to 
the  fluid  is  rendered  much  more  perfect  if  the  solid  conductor  thus  occupying 
the  opening  (fenestra  of  the  labyrinth)  is  by  its  other  end  fixed  to  the  middle 
of  a  tense  membrane  which  has  atmospheric  air  on  both  sides. 

Vibrations  of  the  air  are  communicated  to  solid  bodies  with  difficulty, 
and  with  a  considerable  diminution  of  their  intensity;  but  a  membrane 
is  readily  thrown  into  motion  by  them.  Savart  has  shown  that  mem- 
branes of  small  extent,  as  the  membrana  tympani  itself,  even  when 
made  tense,  are  so  affected  by  sonorous  vibrations  excited  in  their 
vicinity  as  to  cast  off  sand  which  is  strewed  over  their  surface.  It  may 
also  be  proved  by  direct  experiment,  that  a  tense  membrane  is  a  much 
better  conductor  of  the  undulations  of  air  than  any  other  solid  bodies 
bounded  by  definite  surfaces;  and,  what  is  equally  essential,  that  the 
vibrations  are  also  communicated  very  readily  by  a  tense^ membrane  to 
solid  bodies  in  contact  with  them.  The  membrana  tympani  has  not 
hitherto  been  considered  und^er  thispointof  view,  namely,  as  the  means 
of  transmitting  sound  from  the  air  to  the  chain  of  auditory  bones. 

The  ossicula  of  the  ear  are  the  better  conductors  of  the  sonorous  ▼ibrations  con* 
municatod  to  tliern,  on  account  of  being  isolated  by  an  atmosphere  of  air,  aod  noC 
continuous  with  the  bones  of  the  cranium;  for  every  solid  body  thus  isolated  by  a  di^ 
ferent  medium  propagates  vibrations  with  more  intensity  through  its  own  sabstanos 
than  it  communicates  them  to  the  surrounding  mediam,  which  thus  prevents  a  dispel^ 
■ien  of  the  sound,' just  as  the  vibrations  of  the  air  in  the  tubes  aaed  ta<~^  '    ''  — "^ 


'>  ■  ■ 


PROPAaATIOH  OF  SOUNDS  TBROVGH  THE  ATTDITOBT  BOITES.  755 

0  from  one  apartment  to  another  are  prevented  from  bein^  diapereed  by  the  solid 

8  of  the  tube.  The  vibrationa  of  the  memhrana  tympani  are  tranemitted,  there- 
,  by  the  chain  of  ossicula  to  the  fenestra  oralis  and  fluid  of  the  labyrinth,  their 
eraion  in  the  tympanum  being  prevented  by  the  difficulty  of  the  transition  of  yibra- 

1  from  eolid  to  graaeoua  bodies.  The  membrana  tympani  bein?  a  tense  solid  body 
ided  by  free  sarfaeea,  the  sonoroaa  undulations  will  be  partially  reflected  at  its 
lees,  so  aa  to  cause  a  meeting  of  undulations  from  opposite  directions  within  it;  it 
therefore,  by  resonance,  increase  the  intensity  of  the  vibrations  communicated  to 
nd  the  undulations  thus  rendered  more  intense  will  act  in  their  turn  upon  the  chain 
iditory  bones. 

^6  have  now  to  investigate  the  nature  of  the  vibrations  of  the  membrana  tympani. 
they  undnlations  of  inflexion,  like  the  transverse  vibrations  of  strings  and  mem- 
es!  or  are  they  undulations  of  condensation?  An  impulse  communicated  to  a 
g  or  rod  in  the  direction  of  its  length  gives  rise  merely  to  progressive  waves  of 
ensation,  not  to  vibrations  of  the  string  or  rod  from  side  to  side.  But  if  a  snffi- 
;1y  thin  body,  as  a  string  or  membrane,  receives  an  impulse  in  a  direction  perpen- 
lar  to  its  length  or  to  its  surface,  undulations  of  inflexion  are  also  producea.  Ae- 
tely  speaking,  the  membrana  tympani  will  become  the  seat  of  transverse  oscillations 
never  the  space  through  which  its  particles  move  in  the  undulations  excited  by 
roue  vibrations  of  the  air  exceeds  the  thickness  of  the  whole  membrane;  and, 
1  the  impulses  of  the  air  have  a  certain  decree  of  intensity,  this  must  occur.  The 
alation  and  relative  position  of  the  small  bones  of  the  ear  being  such  as  to  allow 
pproximation  of  the  two  extremities  of  the  chain  which  they  form,  the  oscillations 
le  membrana  tympani  are  not  impeded  by  them.  Even  where  only  one  of  the 
sola  exists,  as  in  birds  and  reptiles,  its  outer  extremity,  which  is  connected  with 
nembrana  tympani,  is  mobile.  We  may  from  these  considerations  infer  that  the 
ulation  of  the  small  bones  of  the  ear  has  not  a  relation  merely  to  the  action  of 
9les  upon  them, — which,  indeed,  is  sufficiently  proved  by  reference  to  comparative 
omy,  for  they,  have  movable  articulations  in  the  frog  as  in  man,  though  they  have 

9  no  muscles  attached  to  them. 

Q  examining,  however,  more  closely  the  conditions  of  the  propagation  of  sonorous 
ilationa  in  the  atmosphere,  we  find  that  only  the  most  intense  sounds  can  possibly 

rise  to  oscillations  of  the  membrana  tympani  as  a  whole. 

1  calculating  the  effect  of  sonorous  undulations  on  the  membrana  tympani,  we 
t  take  into  account  the  difference  in  the  velocity  with  which  sound  is  propagated 
:  and  by  the  air,  and  also  the  resistance  offered  by  its  attachments,  which,  even 
gh  the  extent  of  the  oscillation  of  the  particles  of  air  striking  it  exceeded  the 
cness  of  membrane,  would  cause  the  extent  of  its  movement  to  be  much  less  con- 
rable. 

bo  necessity  for  the  presence  of  air  on  the  inner  side  of  the  membrana  tympani, — 
iier  words,  the  necessity  for  the  existence  of  the  tympanic  cavity v— to  enable  the 
ibrana  tympani  and  ossicula  auditus  to  fulfil  the  objects  which  we  have  described^ 
kvious.    Without  this  provision,  neither  would  the  vibrations  of  the  membrane  be 

nor  the  chain  of  bones  isolated,  so  as  to  propa^te  the  sonorous  undulations  with 
•ntration  of  their  intensity.  But  while  the  oscillations  of  the  membrana  tympani 
mtdily  communicated  to  the  air  in  the  cavity  of  the  tympanum,  those  of  the  solid 
mla  will  not  be  conducted  away  by  the  air,  but  will  be  propa^ted  to  the  labyrinth 
lOot  being  dispersed  in  the  tympanum.  Equally  necessary  is  the  communication 
lie  air  in  the  tympanum  with  the  external  air  through  the  medium  of  the  Eusta- 
n  tube  for  the  maintenance  of  the  equilibrium  of  pressure  and  temperature  between 
i« 

Phe  propagation  of  sound  through  the  ossicula  of  the  tympanum  to 
labyrinth  must  be  effected  by  undulations  of  condensation  and  rare- 
ion  of  their  particles  only,  not  by  oscillations  of  the  entire  bones, 
n  in  cases  where  the  entire  membrana  tympani  oscillates;  for,  if  the 
yes  were  in  its  vibrations  alternately  more  nearly  approximated  and 
lOved  from  the  labyrinth,  the  fluid  of  the  latter  cavity  must  necessa- 
*  be  very  compressible.  The  extent  through  which  the  individual 
llatee  aflfocted  by  the  undulations  oscillate  equals  very  minute  frao- 
le  only  irf  the  length  of  the  stapes. 
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The  long  process  of  the  malleus,  receives  the  undalations  of  the 
membrana  tympani  and  of  the  air  in  a  direction  nearly  perpendicular 
to  itself.  The  undulations  maintain  this  direction  through  the  whole 
chain  of  ossicula  quite  independently  of  its  direction,  and  of  that  of  the 
individual  bones  forming  it.  From  the  long  process  of  the  malleus  the 
undulations  are  propagated  to  its  head,  which  projects  from  it  at  an 
angle;  thence  into  the  incus  the  long  process  of  which  has  a  direction 
parallel  with  the  long  process  of  the  malleus.  From  the  long  process 
of  the  incus  the  undulations  are  communicated  to  the  stapes,  which  is 
united  to  it  at  right  angles.  All  these  changes  in  the  direction  of  the 
chain  of  bones  have  no  influence  on  that  of  the  impulse,  which  remains 
the  same  as  it  was  in  the  meatus  exterims  and  long  process  of  the 
malleus,  so  that  the  undulations  are  communicated  by  the  stapes  to  the 
fenestra  ovalis  in  a  perpendicular  direction. 

Tension  of  the  membrana  tympani. 

IV.  A  membrane  of  small  extent  propagates  sound  better  in  the  lax  con- 
dition than  when  made  very  tense. 

The  inquiry  respecting  the  capability  of  the  membrana  tympani  to 
conduct  sound  better  in  its  lax  or  in  its  tense  condition,  may  be  made 
to  embrace  membranes  generally.  We  must,  however,  distinguish  here 
between  reciprocation  of  sonorous  vibrations,  resonance,  and  conducting 
power.  The  reciprocation  of  sounds  is  a  phenomenon  which  bodies 
rendered  elastic  by  tension  are  not  capable  of  manifesting  in  their  lax 
condition. 

The  result  was  in  all  my  experiments  the  same.  The  sound  was 
transmitted  with  much  greater  intensity  through  the  lax  membrane  than 
through  the  membrane  made  tense  by  raising  the  outer  extremity  of  the 
rod.  A  watch  may  be  used  as  the  source  of  the  sound  in  these  experi* 
snents.  But  every  noise  is  heard  louder  when  the  membrane  is  lax; 
and  its  intensity  diminishes  in  proportion  as  the  tension  of  the  membrane 
is  increased. 

The  membrana  tympani  in  one's  own  person  may,  however,  be  ren- 
dered tense  so  as  to  produce  this  inflnence  on  the  inscnsity  of  sounds 
at  will.  *In  the  dead  subject,  the  membrana  tympani  may  be  rendered 
more  tense  in  two  ways  besides  by  the  retraction  of  the  malleus;  namely, 
by  exhausting  the  air  in  the  tympanum  by  sucking  through  the  Eusta* 
chian  tube,  and  by  forcing  more  air  into  the  tympanum  through  the 
same  canal.  In  the  first  case,  the  membrana  tympani  is  pressed  in- 
wards. In  the  second  case,  it  is  forced  outwards;  the  long  process  of 
the  malleus,  however,  not  being  displaced  by  the  pressure  of  tho  air 
within  the  tympanum,  the  centre  of  the  membrane  is  prevented  from 
changing  its  position,  while  the  rest  of  it  is  protruded. 

But  these  modes  of  tension  of  the  membrana  tympani  may  be  prac* 
tised  in  the  living  body  also,  and  in  the  experiment  on  our  own  persons, 
namely,  by  a  strong  and  continued  effort  of  expiration  while  the  mouth 
and  nostrils  are  closed,  or  by  a  strong  and  long-continued  effort  of  in- 
spiration under  the  same  circumstances.  In  the  first  case,  the  com- 
pressed air  is  forced  with  a  whizzing  sound  in  the  tympanum,  and 
immediately  hearing  becomes  indistinct.    The  same  temporary  imper- 
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m  of  hearing  is  produced  bjr  rendering  the  mem'brana  tympani 
U  and  convex  towards  the  interior,  by  the  effort  of  inspiration;  a 
first  noticed  by  Dr.  Wollaston.  {Philas.  Transact.  1820.)  The 
rfection  of  hearing,  produced  by  the  last-mentioned  method,  con- 
is  even  after  the  mouth  is  opened,  in  consequence  of  the  previous 
t  at  inspiration  having  induced  collapse  of  the  walls  of  the  Eusta- 
i  tubes,  which  prevents  the  restoration  of  equilibrium  of  pressure 
een  the  air  within  the  tympanum  and  that  without;  hence  we  have 
opportunity  of  observing  that  even  our  own  voice  is  heard  with 
Dtensity  when  the  tension  of  the  membrana  tympani  is  great, 
the  pressure  of  the  external  air  or  atmosphere  be  very  great,  while, 
!Count  of  collapse  of  the  walls  of  the  Eustachian  tubes,  the  air  in 
Qterior  of  the  tympanum  fails  to  exert  an  equal  counter-pressure, 
aembrana  tympani  will  of  course  be  forced  inwards,  and  imperfect 
less  be  produced.  It  is  thus,  in  my  opinion,  that  we  must  explain 
ingular  observation  of  M.  Colladon,  that  in  the  diving-bell  both  the 
»  of  his  companions  and  his  own  voice  sounded  faintly.  The  fact 
ot  be  owing,  as  has  been  supposed  by  some  writers,  to  the  bad 
acting  power  of  the  condensed  air,  since  air  conducts  sound  better 
oportion  to  its  density. 

le  effect  of  the  increased  tension  of  the  membrana  tympani  is  not 
Oder  both  grave  and  acute  sounds  equally  fainter  than  before.  On 
X)ntrary,  it  was  observed  by  Dr.  Wollaston,  that,  when  he  had 
sred  his  membrana  tympani  tense  by  exhausting  the  eavity  of  the 
lanum,  he  was  deaf  to  grave  sounds  only.  By  strijting  the  table 
the  ends  of  his  finger,  he  produced  a  deep  dull  note;  striking  it 
his  nail,  he  gave  rise  to  a  sharp  sound.  When  he  had  exhausted 
rmpanum  by  the  efibrt  of  inspiration,  he  could  hear  the  latter  sound 

the  former  deeper  note  was  inaudible. 

lese  facts  admit  of  a  practical  application  in  pathology.  It  is  not 
race  to  meet  with  persons  who  are  deaf  to  the  more  grave  sounds 
,  while  they  still  hear  distinctly  acute  sounds,  even  though  they  be 
>ud.  One  of  my  colleagues,  who  is  deaf,  hears  acute  better  than 
)  sounds.  In  such  cases  it  is  very  probable  that  the  membrana 
•ani  is  in  a  state  of  too  great  tension.  In  the  present  state  of  obscu- 
)f  the  diagnosis  of  diseases  of  the  ear,  this  hint  may  be  of  some  use. 

unnatural  tension  of  the  membrana  tympani  may,  of  course,  be 
iced  by  several  different  causes.  It  may  arise  from  occlusion  of  the 
Bchian  tube;  in  which  case  the  air  in  the  tympanum  may  either  be 
nded  by  the  heat  of  the  body,  and  so  force  outwards  the  membrana 
ani,  or  it  may  be  partially  absorbed,  when  the  membrane  would 
essed  inwards  by  the  air  without.  Another  cause  may  be  a  con- 
$d  state  of  the  tensor  tympkni  muscle.  In  my  colleague  the 
ichian  tube  is  free,  for  he  can  force  air  into  the  tympanum, 
n  the  Eustachian  tube  is  closed,  and  the  tension  of  the  membrana 
ani  is  the  consequence  of  the  expansion  or  partial  absorption  of 
ir  in  the  cavity  of  the  tympanum,  the  operation  of  puncturing  the 
brane,  or  the  mastoid  process,  may  be  easily  conceived  to  be  bene- 
I  bat  when  the  too  great  tension  of  the  membrana  tympani,  and 
N|aent  deafiiess,  are  owing  to  a  contracted  state  of  the  tensor  tym- 
64 
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pani  muscle,  the  operation  must  be  useless.    This  may  in  part  account 
for  the  various  results  obtained  from  it. 

The  influence  of  the  musculus  tensor  tympani  in  modifying  hearing 
may  now  be  estimated. 

If  we  admit,  as  a  very  probable  supposition,  that  the  tensor  tympani 
may  through  reflex  nervous  action  be  excited  to  contraction  by  a  very 
loud  sound,  just  as  the  iris  and  orbicularis  palpebrarum  muscle  are  by  a 
very  intense  light,  the  impression  being  conveyed  by  the  sensitive  nerve 
to  the  brain,  and  thence  reflected  upon  the  motor  fibres;  then  it  is  mani- 
fest that  a  very  intense  sound  would,  by  exciting  a  reflex  action  of  this 
muscle,  induce  a  deadening  or  mufiling  of  the  ears.  A  loud  sound  ex- 
cites by  reflection  nervous  action,  winking  of  the  eyelids,  and,  in  persons 
of  irritable  nervous  system,  a  sudden  contraction  of  many  muscles.  The 
above  supposition  has,  therefore,  great  probability  in  its  favour.*  In- 
creased tension  of  the  membrana  tympani  by  the  tensor  tympani  muscle, 
by  whatever  cause  excited,  must  moreover  cause  the  graver  sounds, 
rather  than  the  more  acute,  to  be  heard  faintly. 

We  have  now  to  inquire  whether  the  tensor  tympani  is  subject  to  volun- 
tary influence.  Like  the  stapedius,  it  presents  under  the  microscope,  ac- 
cording to  my  observations,  the  characters  common  to  all  muscles  of  ani- 
mal lite;  its  primitive  fasciculi  are  regularly  marked  with  the  cross  striae. 

The  opinion  that  the  tensor  tympani  muscle  is  subject  to  the  influence 
of  the  will  was  held  by  Fabricius  ab  Aquapendente,  who  maintained 
that  he  had  himself  voluntary  power  over  it,  he  being  able  to  produce 
a  peculiar  noise  in  his  ears  at  will.  Fabricius  could  perform  the  move- 
ment only  on  both  sides  simultaneously.  Mayer  was  acquainted  with 
a  gentleman  who  had  such  power  over  the  motions  of  the  small  bones 
of  his  ear  that  another  person  could  distinctly  hear  the  sound  thus  pro- 
duced when  their  ears  were  applied  to  each  other.t  I  have  the  same 
power  of  producing  at  will  a  sound  in  either  ear,  more  particularly  in 
the  left,  hi  which  I  can  excite  it  without  causing  it  on  the  other  side. 
The  sound  is  of  a  snapping  character,  like  that  emitted  by  the  electric 
spark,  or  that  produced  when  the  end  of  the  finger,  rendered  adhesive,  is 
pressed  upon  paper  and  then  suddenly  removed.  The  cause  of  this  sound 
appears  to  me  to  be  a  voluntary  contraction  of  the  tensor  tympani  muscle. 

An  involuntary  contraction  of  the  tensor  tympani  muscle,  like  its  action  under  the 
influence  of  the  will,  must  produce  a  sound.  Many  persons  will  have  observed  noises 
in  their  ear  from  this  cause. 

The  influence  of  the  stapedius  muscle  in  hearing  is  unknown.  It  acts  upon  the 
stapes  in  such  a  manner  as  to  make  it  rest  obliquely  m  the  fenestra  ovalis,  depressing 
that  side  of  it  on  which  it  acts,  and  elevating  the  other  side  to  the  same  extent.  The 
only  effect  which,  it  appears  to  me,  could  be  ascribed  to  it,  would  be  to  render  tense 
the  membrane  by  which  the  base  of  the  stapes  is  connected  with  the  margin  of  the 
fenestra. 

*  Avery  loud  noise,  such  as  that  of  a  cannon,  if  near,  may,  by  forcing  in  the  mem- 
brana tympani,  give  rise  to  the  production  of  a  new  sound  by  that  membrane  itself; 
at  least,  I  think,  I  have  observed  this  in  my  own  person.  At  the  time  of  the  report 
of  a  cannon  1  perceived  a  cracking  or  jerking  sound,  similar  to  that  which  is  heard 
when  the  movement  of  inspiration  is  suddenly  performed  while  both  the  nostrils  and 
mouth  are  closed,  so  as  to  draw  inwards,  and  thus  render  tense,  the  membrana 
tympani. 

f  Compare  Lincke,  Handbach  der  Ohrenheilkunde;  Leips.  1837;  I9  p.  479. 
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UtefeneBtrXj  avalU  and  rotundtL 

le  existence  of  two  fenestra  for  the  transmission  of  ^ound  to  the 
inth  is  not  a  necessary  condition  for  hearing  in  animals  living  in 
ir  which  are  furnished  with  a  tympanum;  for,  both  a  tense  mem- 
iy  (such  as  the  membrana  tympani  secondaria,  or  membrane  of  the 
Ira  rotunda,)  and  a  movable  solid  body  connected  with  a  tense 
brane,  are  capable  of  conducting  sound  with  considerable  intensity 
iter.  Comparative  anatomy  also  furnishes  proofs  of  the  truth  of 
statement;  for  frogs  in  which  a  tympanic  cavity  otherwise  perfect 
3y  have  no  second  fenestra,  or  fenestra  rotunda,  the  chain  of  audi- 
ossicula  being  in  them  the  only  means  of  conducting  the  sound  to 
ibyrinth.  In  this  case  the  air  in  the  tympanum  can  scarcely  be 
tied  as  an  auxiliary,  since  its  sonorous  vibrations  cannot  be  com- 
icated  in  any  intensity  to  the  solid  parts  of  the  organ.  Its  principal 
aust  here  be  to  insulate  the  small  bones  of  the  ear  and  the  mem- 
%  tympani. 

len  both  fenestre  exist  together  with  a  tympanum,  the  soaiid  is  transmitted  to 
lid  of  the  internal  ear  in  two  ways,-— namely,  by  solid  bodies  and  by  membrane; 
th  of  which  conducting  media  sonorous  vibrations  are,  as  my  experiments  have 
I9  communicated  to  water  with  considerable  intensity.  The  sound  being  con- 
1  to  the  labyrinth  by  two  paths  wiU,  of  course,  produce  so  much  the  stronger 
•mon;  for  undulations  will  be  thus  excited  in  the  fluid  of  the  labyrinth  from  two 
int  though  contiguous  points,  and  by  the  crossing  of  these  undulations  stationary 
I  of  increased  intensity  will  be  produced  in  the  fluid. 

I  natural  to  inquire  here  by  which  of  the  paths  above  indicated  the  sounds  are 
cted  with  most  intensity  from  the  membrana  tympani  to  the  labyrinth;  whether 
1^  the  chain  of  bones  and  the  fenestra  ovalis,  or  through  the  air  of  the  tympannia 
le  membrane  of  the  fenestra  rotunda. 

e  may  express  the  problem  to  be  decided  in  other  words,  thus: 
irhich  succession  of  media  is  the  intensity  of  sonorous  undulations 

diminished? — by  air,  a  tense  membrane,  an  insulated  and  mova- 
tolid  body,  and  water;  or  by  air,  a  tense  membrane,  air,  another 
\  membrane,  and  then  watery  fluid?  The  experiments  which  I 
I  instituted  prove  very  clearly  that 

Fibrationa  are  transmitted  with  very  much  greater  intensity  to  water 
1  a  tense  membrane,  a  chain  of  insulated  solid  bodies  capable  of  fret 
mentj  are  successively  the  conducting  media,  than  when  the  media  of 
fiunication  between  the  vibrating  air  and  the  water  are  the  same  tense 
brane,  air,  and  then  a  second  membrane;  or,  to  npply  this  fact  to  the 
n  of  hearing,  that  the  same  vibrations  of  the  air  act  upon  the  fluid  of 
tbyrinth  with  much  greater  intensity  through  the  medium  of  the  chain 
idttory  bones  and  the  fenestra  ovalis,  than  through  the  medium  of  the 
fthe  tympanum  and  the  membrane  closing  the  fenestra  rotunda, 
imitated  the  structure  of  the  tympanum  and  reached  the  above  result 
irect  experiment. 

le  undulations  transmitted  by  the  fenestra  ovalis  act  primarily  upon 
vestibule  and  the  semicircular  canals;  those  transmitted  by  the  fe- 
"a  rotunda,  upon  the  cochlea:  but  those  communicated  immediately 
16  fluid  of  the  vestibule,  inasmuch  as  they  extend  as  circular  waves 
le  fluid,  must  ultimately  reach  the  cochlea;  and  the  relation  of  the 
itn  rotunda  to  the  cochlea  is  by  no  means  constant,  since  in  che- 
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Ionian  reptiles  (tortoises  and  turtles)  both  fenestras  exist,  though  there  is 
no  proper  cochlea. 

The  Eustachian  tube. 

The  Eustachian  tube  is  never  absent  when  the  tympanum  exists. 
Its  great  importance  in  rendering  hearing  perfect  is  proved  by  the 
circumstance  of  its  occlusion  as  a  consequence  of  disease,  being  al- 
ways attended  with  deafness  and  tinnitus.  But  it  cannot,  from  these 
cases  of  disease,  be  determined  whether  the  Eustachian  tube  is  itself 
essential  to  the  hearing  of  sounds  with  distinctness  and  intensity,  or 
whether  its  occlusion  affects  hearing  only  indirectly. 

It  may  be  easily  conceived  that  the  ill  effect  of  obstruction  of  this 
passage  would  be  equally  great  whether  its  office  were  merely  to  pre- 
vent the  production  of  too  great  tension  of  the  membrana  tympani  by 
expansion  or  condensation  of  the  air  in  the  tympanum,  or  to  carry  off 
the  mucus  generated  in  that  cavity  by  the  ciliary  motion  of  its  mucops 
lining.  All  the  provisions  by  which  the  tympanum  has  been  adapted 
to  the  better  propagation  of  sound  would  be  rendered  unavailing  if  it 
were  to  become  filled  with  mucus. 

The  different  offices  which  might  be,  and  have  been,  attributed  to 
the  Eustachian  tube  are  various. 

The  principal  object  for  the  fulfilment  of  which  this  tube  exists, 
wherever  there  is  a  tympanum,  appears  to  me  to  be  the  roainteoanoe 
of  the  equilibrium  between  the  air  within  the  tympanum  and  tha 
external  air,  so  as  to  prevent  inordinate  tension  of  the  membrana 
tjrmpani,  which  would  be  produced  by  too  great  or  too  little  pressure 
on  either  side,  and  the  effect  of  which  would  be  imperfection  of  hear- 
ing. It  is  not  the  increased  or  diminished  density  of  the  air  on  either 
side  of  the  membrane  which  is  of  the  chief  importance,  but  the  tension 
of  the  membrana  tympani  which  they  necessarily  produce,  and  which 
always  interferes  with  the  integrity  of  hearing. 

It  is  on  this  principle  that  we  must  explain  the  good  effect  of  cathe- 
terising  the  Eustachian  tube,  or  of  perforating  the  membrana  tympani, 
or  mastoid  process  of  the  temporal  bone,  in  many  cases  of  deafness 
caused  by  chronic  occlusion  of  the  tube.  While,  however,  I  main- 
tain that  this  is  the  principal  office  of  the  Eustachian  canal,  I  do  not 
deny  that  it  has  other  uses,  of  which  the  next  in  importance  appear 
to  me  to  be  the  modification  of  the  sound  so  as  to  render  it  more  clear, 
the  supplying  the  tympanum  with  air,  and  the  discharge  of  the  secre- 
tion of  that  cavity. 

When  the  Eustachian  tubes  are  sufficiently  wide,  the  density  of  the 
air  within  the  tympanum  will  be  kept  constantly  equal  to  that  of  the 
external  air;  and,  when  the  latter  rapidly  increases  in  density,  the  air 
within  the  tympanum  will  immediately  acquire  the  same  density,  so  as 
to  balance  the  increased  external  pressure  upon  the  membrana  tympani, 
without  our  being  conscious  of  any  change.  In  proof,  however,  that  in 
other  cases  the  balance  of  the  pressure  within  the  tympanum  and  upon 
its  exterior  may  be  disturbed,  the  observations  of  persons  who  have  de- 
scended in  the  diving-bell  may  be  adduced.*   Cams,  (Bericht  iiber  die 

*  See  also  Dr.  Todd*8  obsenrations  in  the  Cyclopedia  of  Anat.  and  Physiol,  art. 
Hearing,  p.  575. 
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ammlung  der  Naturforscher  in  Jena,)  also,  in  ascending  high 
itains,  perceived  a  sensation  of  tension  in  the  ears;  and,  after  a 
in  height  was  attained,  a  snapping  sound,  which  was  repeated  at 
lions  differing  about  six  hundred  feet  from  each  other.  Whether 
sensations  be  perceived  or  not  by  others,  will,  of  course,  depend 
irt  on  differences  of  individual  conformation.  I  do  not  myself 
:ect  to  have  experienced  anything  of  the  kind.  Before,  however^ 
tate  of  disturbed  balance  of  pressure  had  reached  its  maximum, 
uld  remove  it  by  a  voluntary  action  of  the  tensor  tympani,  which 
9  attended  in  me  with  a  snapping  sound. 

The  external  auditory  passage. 

e  meatus  auditorius  externus  influences  the  propagation  of  sound 
)  tympanum  in  three  ways:  1,  inasmuch  as  the  sonorous  undula- 
entering  directly  from  the  atmosphere  are  transmitted  by  the  air 
3  tube  immediately  to  the  membrana  tympani,  and  are  prevented 
being  dispersed;  2,  by  the  walls  of  the  passage  conducting  the 
mis  undulations  imparted  to  the  external  ear  itself  by  the  shortest 
to  the  place  of  attachment  of  the  membrana  tympani,  and  so  to  this 
brane;  3,  by  the  resonance  of  the  column  of  air  contained  withia 
assage. 

&  eondnctor  of  undulatione  of  air,  it  receives  the  direct  andalations  of  the  atmo- 
I,  of  which  those  which  enter  in  the  direction  of  the  axis  of  the  canal  must 
se  the  strongest  impression.  The  undulations  which  enter  the  passage  obliquely 
«  reflected  by  its  parietes,  and  will  thus  by  reflexion  reach  the  membrana  tym- 
By  reflexion,  also,  the  external  meatns  receives  the  undulations  which  impinge 
the  concha  of  the  external  ear,  when  their  angle  of  inflexion  is  such  that  they 
rown  towards  the  tragus.  Other  sonorous  undulations  again,  which  could  enter 
ratas  from  the  external  air  neither  directly  nor  by  reflexion,  may  still  be  brought 
by  *Mnflexion;"  undulations,  for  instance,  whose  direction  is  that  of  the  long 
f  tlie  head,  and  which  pass  over  the  surface  of  the  ear,  must,  in  accordance  with 
w%  of  **  inflexion,"  be  bent  into  the  external  meatus  by  its  margins.  The  action 
se  undulations  will,  however,  be  mosf  intense  which  enter  the  meatus  directly, 
r  by  reflexion  nor  inflexion.  Hence  we  are  enabled  to  judge  of  the  point  whence 
comes,  by  turning  one  ear  in  different  directions. 

have  next  to  consider  the  walls  of  the  meatus  as  solid  conductors  of  sound;  for 
vibrations  which  are  communicated  to  the  cartilage  of  the  external  ear,  and  not 
ed  from  it,  are  propagated  by  the  shortest  path  through  the  parietes  of  the  audi- 
assage  to  the  membrana  tympani.  Hence  both  ears  being  close  stopped,  the 
of  a  pipe  is  heard  more  distinctly  when  its  lower  extremity  covered  with  a  mem- 
,  is  applied  to  the  cartilage  of  the  external  ear  itself,  than  when  it  is  placed  in 
it  with  the  surface  of  the  head. 

tly,  the  external  auditory  tube  is  important,  inasmuch  as  the  air  which  it  con- 
like all  insulated  masses  of  air,  increases  the  intensity  of  sounds  by  resonance, 
nvince  ourselves  of  its  really  having  this  influence,  we  need  merely  lengthen  the 
{e  by  affixing  to  it  another  tube.  Every  sound  that  is  heard,  even  the  sound  of 
vn  voice,  is  then  much  increased  in  intensity.  If  tubes  of  considerable  length 
ed,  and  their  length  is  adapted  to  the  sound,  the  column  of  air  in  them  will  re- 
ete  it  by  their  own  fundamental  notes,  as  the  MM.  Weber  have  shown.  Shorter 
as  of  air  do  not  thus  reciprocate  sounds,  but  merely  increase  their  intensity  by 
inee.* 

kf  resonant  action  of  the  meatus,  particularly  when  lightly  closed,  was  pointed  out  by 
Watstone,  in  the  Journal  of  Science  and  Arts  for  1827,  vol.  ii.    New  Series. 

64* 
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Cartilage  of  the  external  ear. 

The  action  of  the  external  ear  upon  sonorous  vibrations  is  partly  to 
reflect  them,  and  partly  to  condense  and  conduct  them  to  the  parietes 
of  the  meatus  externus.  With  respect  to  its  reflecting  action,  the  ex- 
cavation called  the  concha  is  the  most  important  part,  since  it  directs 
the  reflected  undulations  towards  the  tragus,  whence  they  are  thrown 
into  the  auditory  passage.  The  other  inequalities  of  the  external  ear 
do  not  promote  hearing  by  reflexion,  (see  EsseVj  in  Kastner^s  Jirchiv. 
xii.;)  and,  if  the  conducting  power  of  the  cartilage  of  the  ear  were  left 
out  of  consideration,  they  might  be  regarded  as  destined  for  no  particu- 
lar use;  but,  receiving  the  impulses  of  the  air,  the  cartilage  of  the  ex- 
ternal ear,  while  it  reflects  a  part  of  them,  propagates  "within  itself  and 
condenses  the  rest,  as  all  other  solid  and  clastic  bodies  would  do.  This 
action  of  the  cartilages  of  the  external  ear  is  with  justice  insisted  on  by 
M.  Savart  The  sonorous  vibrations  which  it  receives  by  an  extended 
sarface  are  conducted  by  it  to  its  place  of  attachment. 

Regarding  the  cartilage  of  the  exteraal  ear  as  a  cond actor  of  sonorotia  Tibratioiiiy 
•n  its  inequalities,  elevations  and  depressions,  which  are  useless  with  relatioii  to  re- 
flexion, become  of  evident  importance;  for  those  elevations  and  depressions  apon  whieli 
the  undalations  fall  perpendicularly,  will  be  effected  by  them  in  the  most  intense  de- 
gree; and,  in  consequence  of  the  yarious  form  and  position  of  these  inequalities,  sonor- 
OQS  undulations,  in  whatever  direction  they  may  come,  must  fall  perpendicularly  upon 
the  tangent  of  some  one  of  them.  This  affords  an  explanation  of  the  extraordinaiy 
form  given  to  this  part. 

The  external  ear  of  many  animals  is  in  every  respect  comparable  to  an  ear-trumpei 
capable  of  being  directed  different  ways  at  will,  in  which  the  undulations  of  the  air 
are  propagated  onwards  and  concentrated  at  the  same  time,  and  whose  parietes  also 
«e  capable  of  transmitting  the  sonorous  vibrations  communicated  to  them.  Moreover« 
this  form  of  ear,  like  the  ear-trumpet,  lengthens  the  column  of  air  of  the  anditory  pas- 
sage, and  increases  the  influence  which  its  resonance  has  in  rendering  the  sound  more 
intense.'*^ 

Mid  bodies  and  masses  of  air  in  the  neighbourhood  of  the  labyrinth  infitt' 

encing  sounds  by  their  resonance. 

In  this  light  we  must  regard,  not  merely  the  cranial  bones,  but  all 
cartilages  and  membranes  in  the  vicinity  of  the  organ  of  hearing. 

By  the  resonance  of  bodies  of  air  occupying  cavities  within  the  head 
our  voice  is  rendered  more  audible,  not  merely  to  others,  but  also  to  our- 
selves. Any  mass  of  air  bounded  by  a  diflferent  medium  is  excited  to 
resonance  by  a  sound  produced  near  it.  The  circumstance  of  persons 
whose  hearing  is  bad  holding  their  mouth  open  while  listening,  appears 
to  have  some  connection  with  the  resonant  power  of  the  air  in  the 
mouth:  it  cannot  have  reference  to  the  transmission  of  the  sound  through 
the  Eustachian  tubes,  since  a  tuning-fork  vibrating  even  at  the  back  of 
the  mouth  is  heard  but  faintly.  The  habit  of  holding  the  mouth  open 
in  persons  whose  hearing  is  imperfect,  may,  however,  have  for  its  object 
more  particularly  to  dilate  the  cartilaginous  portion  of  the  auditory 
passage,  which,  as  Elliot  remarks,  is  effected  by  opening  the  mouth. 

At  all  events,  the  intensity  which  the  voice  of  another  person  acquires 
when  he  speaks  through  a  tube  placed  in  front  of  our  mouth  or  nostrils, 

*  The  great  influence  of  the  insulated  column  of  air  in  increasing  the  intensitj  of  the 
■onnds  is  frequently  overlooked  in  the  case  both  of  the  ear-trumpet  and  of  the  ipeaktng- 
trampet 
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:  depend  in  part  on  the  resonance  of  the  cavities  containing  air 
th  lie  in  our  head. 

7en  the  air  in  the  external  auditory  passage  and  in  the  tympanum 
in  action  of  resonance.  This  is  perceived  when  we  simply  elongate 
Luditory  passage  by  inserting  a  tube  into  it.  We  then  hear  not 
dy  the  sound  of  the  circulation  in  the  ear,  and  of  the  slight  move- 
ts  of  the  air  apparently  at  rest,  which,  without  being  necessarily 
rous  undulations,  produce  a  sound  in  the  tube«  just  as  a  sound  is 
need  in  a  musical  pipe  by  a  blast  of  wind;  but  every  sound,  as 
that  of  our  own  voice  as  of  external  bodies,  is  accompanied  by  a 
let  resonance. 

propagation  of  sound  to  the  labyrinth  through  the  eraniai  bonee  cont- 
pared  with  that  through  the  tympanum, 

f  the  apparatus  of  the  tympanum  sonorous  vibrations  are  com« 
icated  to  the  labyrinth  on  its  external  side,  through  the  medium 
le  fenestras,  whence  they  spread  in  all  directions  through  the  peri- 
sh or  aqua  Cotunnii. 

>r  sounds  to  be  heard  through  the  medium  of  the  cranial  bones 
ij  it  would  be  necessary  for  the  apparatus  of  the  tympanum  to  be 
Qt,  as  well  as  the  external  meatus  closed.  It  is  probable  that 
ds  propagated  by  the  air  would  then  either  be  inaudible,  or  be 
1  with  excessive  faintness,  while  the  sonorous  vibrations  of  solid 
3S  conducted  by  solid  media  to  the  head  would  still  be  audible  if 
labvrinth  were  free  from  lesion.  This  test  might  be  employed  in 
I  of  deafness,  to  ascertain  whether  the  labyrinth  and  auditory  nerve 
;ound. 

deaf  person,  who  is  unable  to  hear  any  sound  through  the  medium 
e  atmosphere,  is  nevertheless  sometimes  able  to  perceive  the  sound 
rong  blows  upon  the  ground  or  floor,  owing  to  the  vibrations  being 
ucted  to  his  ear  through  the  solid  parts  of  his  body.  There  is 
a  difficulty,  however,  in  distinguishing  between  the  perception  of 
itions  by  the  sense  of  touch  and  by  the  sense  of  hearing.  AH  grave 
ds  act  readily  upon  the  nerves  of  touch;  the  sonorous  vibrations 
bit  distinctly  as  tremors  when  the  hand  is  applied  to  the  thorax 
8  speaking,  or  when  a  solid  body  emitting  a  sound  is  held  in  the 
L  The  sonorous  vibrations  excited  in  water  by  means  of  a  musical 
are  not  sensible  to  the  touch  when  the  hand  is  dipped  in  the  water, 
ire  perceived  distinctly  if  a  solid  body  held  in  the  hand  is  partially 
ersed  in  it.  This  perception  of  sonorous  vibrations  by  the  sense  of 
li  has  given  rise  to  the  false  notion  that  other  nerves  than  the  audi- 
nerve  are  capable  of  the  sensation  of  sound. 

0/  the  propagation  of  sound  to  the  ear  by  different  media. 

By  the  air, — Sounds  are  most  frequently  heard  through  the  me- 
1  of  undulations  of  the  air,  whether  these  are  primarily  excited  in 
*  imparted  to  it  by  other  bodies.  Sonorous  undulations  are  com- 
icated  to  the  ear  with  much  greater  intensity  if  originally  produced 
IB  air,  and  not  merely  conducted  by  it  from  other  bodies;  for,  in  the 
Ittion  of  sonorous  vibrations  from  other  media  into  air,  they  suffer 
ninution  of  their  force. 
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The  obstruction  to  the  sound  is  still  greater  when  it  has  to  pass  first 
from  air  into  water,  and  then  again  from  the  water  into  air^  before 
reaching  the  organ  of  hearing;  hence  persons  in  the  diFing-beli  hear 
nothing  of  sounds  generated  in  the  atmosphere  above.  (See'  Gehler*s 
Physic.  fVorterb.  viii.  p.  449.) 

The  loudness  of  sounds  heard  through  the  medium  of  the  air  is, 
moreover,  influenced  by  its  density  and  degree  of  dryness.  The  velo- 
city of  sound  increases  with  the  diminution  of  the  density  of  the  air, 
but  its  intensity  decreases. 

2.  Direct  propagation  of  sound  to  the  ear  (that  is,  to  the  membrana 
tympani)  by  water,  may  be  observed  in  bathing.  All  sounds  generated 
in  the  water  itself  are  then  heard  very  distinctly.  This  fact,  which  was 
proved  by  the  experiments  of  Nollet  and  Monro,  is  known  to  every 
bather.  Sounds  produced  in  the  air,  and  merely  transmitted  from  it  to 
the  ear  by  the  water,  are,  on  the  contrary,  not  heard  well,  on  account  of 
the  considerable  diminution  of  intensity  which  sonorous  undulations 
undergo  in  their  transition  from  air  to  water. 

3.  Direct  propagation  of  sound  to  the  organ  of  hearing  by  solid 
bodies. — Sonorous  undulations,  excited  primarily  in  the  air,  are  con« 
ducted  to  the  tympanum  best  by  that  medium;  and,  in  the  same  man- 
ner, solid  bodies  form  the  best  conducting  medium  for  sounds  emitted 
by  solid  bodies.  The  sound  produced  by  striking  a  piece  of  wood  or 
metal  is  feeble  when  communicated  to  the  ear  by  the  atmosphere  only; 
while  it  is  very  intense  if  a  cord  attached  to  the  sounding  body  is  held 
between  the  teeth,  or  brought  into  contact  with  both  ears  peviously 
plugged.  Thus  Herhold  and  Rafn  were  enabled  to  conduct  the  sono- 
rous vibrations  produced  by  striking  a  spoon  so  perfectly,  by  means  of 
a  cord  fixed  to  it,  that  at  the  distance  of  three  hundred  yards  it  still 
sounded  like  a  bell.  The  use  of  the  ear-trumpet  consists  partly  in  the 
undulations  of  the  air  being  conducted  to  the  ear  with  undiminished 
intensity,  and  partly  upon  the  resonance  of  the  column  of  air  contained 
in  the  trumpet;  but  its  effect  is  also  increased  by  the  vibrations  of  the 
resounding  walls  of  the  tube  being  communicated  immediately  to  the 
solid  parietes  of  the  meatus  auditorius.  Of  this  we  may  easily  convince 
ourselves  by  lioldiug  the  ear-trumpet  by  the  side  between  our  teeth 
while  our  ears  are  stopped,  and  then  causing  another  person  to  speak 
into  the  mouth  of  the  tube:  the  condensation  of  the  undulations  of  the 
air  in  the  tube  can  here  have  no  influence;  and,  nevertheless,  an  ex- 
tremely loud  sound  is  heard,  which  is  due  to  the  resonance  of  the  tube 
itself,  but  which,  if  conducted  to  the  ear  by  the  atmosphere  only,  would 
be  scarcely  heard. 

The  immediate  propagation  of  sound  by  solid  parts  to  the  organ  of 
hearing  comes  into  play  also  when  the  ear  is  applied  to  the  surface  of 
the  ground  for  the  purpose  of  listening.  Tlie  sounds  are  heard  still 
better  if  the  ear  is  stopped,  and  the  plug  touches  the  ground. 

The  stethoscope  again  affords  us  an  example  of  the  propagation  of 
sounds  from  solids,  through  other  solid  bodies,  to  the  solid  parts  sur- 
rounding the  organ  of  hearing.  The  use  of  the  stethoscope  has  but 
little  advantage  over  the  application  of  the  bare  ear,  except  so  far  as 
the  sound  is  increased  in  intensity  by  the  resonance  of  the  tube.    With 
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dinary  constrnctioiiy  the  stethoscope  conducts  sounds  to  the  ear  in 
^ays,— namely,  by  its  solid  portion,  which  receives  the  sonorous 
lations  from  the  solid  body  yielding  the  sound,  and  transmits  them 
I  solid  parts  of  the  head  around  the  organ  of  hearing;  and  by  the 
nn  of  air  in  its  interior,  which  receives  the  sound  also  from  the 
body,  but  transmits  them  through  the  air  of  the  meatus  extemus 
)  membrana  tympani.  The  interior  column  of  air  is  a  much  less 
ive  conducting  medium  than  the  wooden  tube  around,  on  account 
e  difficulty  attending  the  transition  of  sonorous  vibrations  from 
I  to  air,  but  it  is  of  use  by  its  resonance.  Hence  a  simple  solid  rod 
not  answer  the  purpose  of  a  stethoscope.  Sounds  may  be  heard, 
jver,  very  distinctly  by  means  of  a  mere  rod,  if  the  ear  be  stopped 
plug  of  chewed  paper,  and  the  one  end  of  the  rod  be  applied,  not 
e  plug  itself,  on  account  of  the  sound  of  friction  which  would  be 
iced,  but  to  the  external  ear  near  it.  Here  the  sonorous  undula- 
are  communicated  more  completely  to  the  walls  of  the  external 
us  by  means  of  the  plug,  and  are  thence  propagated  to  the  mem- 
i  tympani. 

cases  of  deafness,  where  the  undulations  of  the  air  do  not  make 
lent  impression  even  with  the  aid  of  an  ear-trumpet,  it  is  some- 
i  of  use  to  convert  the  undulations  of  the  air  into  undulations  of 
bodies,  and  conduct  these  to  the  organ  of  hearing  by  solid  media, 
is  best  effected,  when  the  object  is  to  hear  the  voice  of  another 
^n,  by  causing  him  to  direct  his  voice  into  a  basin,  whence  it  is 
noted  to  the  ear  by  a  rod  held  between  the  teeth,  or  applied  to  a 
inserted  into  the  meatus  auditorius  of  the  deaf  person.* 

3.  Acoustic  propertita  of  the  labyrinth. 

le  fluid  of  the  labyrinth^  aquula  Cotunmi^  or  perilymph^  first  claims 
ttention  as  the  most  general  and  constant  of  the  acoustic  provisions 
B  labyrinth.     In  all  forms  of  organs  of  hearing,  the  sonorous  vibra^ 

affect  the  auditory  nerve  through  the  medium  of  a  fluid.  On  this 
mt,  the  vibration  of  the  particles  in  the  nerve  itself  will  probably 
och  more  uniform  in  character  than  if  merely  the  surfaces  of  the 
)  had  been  in  contact  with  solid  parts;  in  which  case,  the  more  in- 
il  particles  of  the  nerve,  being  distant  from  the  surface  of  the  solid 
,  would  be  acted  on  in  a  different  manner  from  the  more  superficial 
cles.    Muncke  {Gehler^s  Physik.  fVdrterb.  iv.  2,  p.  121 1,}  remarks, 

reference  to  the  fluid  of  the  labyrinth,  that  water,  although  lil- 
ted for  the  generation  of  sound,  is  nevertheless  an  excellent  con- 
3r  of  it,  even  a  better  one  than  air.  This  I  cannot  admit;  it  can 
rue  only  with  respect  to  the  velocity  of  the  propagation  of  sound; 
undulations  of  air  are  conducted  with  least  loss  of  intensity  by  air, 
)  of  water  by  water. 

ie  passages  called  aqueducts  appear  to  me  to  merit  no  consideration 
lation  to  the  physiology  of  hearing.  They  contain  neither  mem- 
ons  canals  nor  fluid,  nor  even  venous  trunks,  but  merely  serve  to 
I  tfie  periosteum  of  the  cranial  bones  and  dura  mater  into  connection 

SIbe  ezperimenti  of  this  kind  on  tho  liearinj;  of  deaf  persons  by  means  of  solid  condac 
eoUectod  in  Uie  works  of  Chladni,  (Akustik,  p.  S62, 286,)  and  Uncke  (op.  cit  p.  530.) 
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with  the  internal  periosteam  of  the  labyrinth.    (MUller^s  *Arekiv.  1834, 

p.  22.) 

There  are  three  grades  of  development  of  the  labyrinth:  l^a  mere 
vestibule  with  a  sacculus;  2^  a  vestibule  with  semicircular  canals,  and 
a  membranous  labyrinth  of  correspondent  form;  3,  the  preceding  parts 
with  the  cochlea. 

Vestibule^  semicircular  canals, — The  function  usually  ascribed  to  the 
semicircular  canals  is  that  which  Scarpa  attributed  to  them;  namely, 
the  collecting  of  the  sonorous  undulations  from  the  bones  of  the  cra- 
nium. Canals  generally  influence  sound  by  the  resonance  of  their  con- 
tents,  by  the  condensed  propagation  of  the  sonorous  undulations  in 
their  interior,  and  by  the  resonance  of  their  walls. 

No  influence  can  be  attributed  to  the  canals  of  the  labyrinth  as  re- 
sulting from  the  resonance  of  their  contents;  for  water  l^ouuded  by  solid 
bodies  is  capable  of  perhaps  no  perceptible  resonance,  its  undulations 
not  being  reflected  by  its  surfaces  when  thus  bounded.  Water  seems  to 
be  little  adapted,  also,  for  collecting  sonorous  undulations  from  sur- 
rounding solid  bodies. 

It  may  therefore  be  inferred,  that  though  the  semicircular  canals  have 
probably  in  some  degree  the  power  of  conducting  sounds  in  the  direction 
of  their  curve,  yet  this  conducting  power  is  in  them  much  less  perfect 
than  in  tubes  containing  air.  Some  slight  increase  of  intensity  of  the 
impression  on  the  nerve  of  hearing,  will  result  from  the  circumstance 
that  the  same  undulation  which  enters  one  extremity  of  a  semicircular 
canal  from  the  vestibule  will  return  with  a  part  of  its  force  by  the  other 
extremity.  Dr.  Young  has  ascribed  some  importance  to  this  circum- 
stance. 

This  degree  of  reinforcement  of  the  impression  of  hearing  by  means 
of  the  semicircular  canals*  will  take  place  even  when  the  impulse  is 
communicated  to  the  labyrinth,  not  through  the  fenestree,  but  by  the 
cranial  bones,  as  in  flshes,  and  partly  in  man. 

The  resonance  of  the  botiy  walls  of  the  semicircular  canals,  excited 
by  sonorous  undulations  in  their  fluid  contents,  comes  next  under  con- 
sideration. It  is  found  that  when  sonorous  vibrations  are  imparted  to 
solid  surfaces  in  contact  with  water,  the  sound  is,  casteris  paribus, 
always  heard  with  greater  intensity  near  these  surfaces  than  in  other 
parts  of  the  fluid;  in  an  experiment  to  verify  this  fact,  the  conducting- 
rod  of  course  must  not  actually  touch  the  solid  surface.  If  two  such 
resounding  surfaces  are  situated  very  near  to  each  other,  the  sonorous 
undulations  of  the  water  between  them  have  necessarily  greater  inten- 
sity. 

If,  then,  we  admit  that  the  membranous  semicircular  canals  have  the  conditions 
sequisite  for  collectingr  the  sonorous  undulations  of  the  cranial  bones  in  their  fluid  con- 
tents, and  for  conducting  them  through  their  curved  cavity  more  readily  than  they  are 
carried  oflf  by  the  surrounding  hard  parts  in  the  original  direction  of  the  undulations 
or  impulses,  the  increased  intensity  of  the  sonorous  vibrations  thus  attained  will  be  of 
advantage  in  acting  on  the  auditory  nerve  where  it  is  expanded  in  the  ampulln  of  the 
canals,  and  in  the  sinus  communis.  Where  the  membranous  canals  are  in  contael 
with  the  solid  parietes  of  the  tubes,  this  action  must  be  much  more  intense.  Bot  tiMi 
membranous  semicircular  canals  must  have  a  function  independent  of  the  sarronndii^ 
hard  parts;  for  in  the  Petromyzon  they  are  not  separately  enclosed  in  solid  rabstanost 
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8  in  one  common  caTity  with  the  sines  commnnis^— a  fact  of  great  physiological 
lance.* 

tenrieth  and  Kerner  iroa^ned  that  the  different  canals  had  the  power  of  making 
qnainted  with  the  direction  whence  sound  comes.  Dot  we  do  not  appear  to  have 
erception  of  the  direction  of  soand,  except  as  far  as  we  can  judge  from  its  acting 
strongly  on  one  ear  than  on  the  other,  or  from  the  difference  in  its  intensity 
iing  as  the  direction  of  the  external  ear  and  concha  is  varied.  Even  supposing 
ere  able  to  distinguish  the  direction  of  the  impulse  of  the  vibrating  particles 
t  upon  our  auditory  nerve,  this  direction  woula  always  be  twofold;  for,  afler 
I  the  impulse,  the  particles  vibrate  in  the  opposite  direction,  and  this  alternation 
▼ement  is  regularly  repeated  in  the  production  of  a  musical  sound, 
e  otolites  or  ealeareotu  uwilliY  found  in  the  labyrinth  of  fishes  and  fish-like  Am- 
I,  and  the  crystcdline  putverulent  maaui  which  supply  their  place  in  other  animals, 
I  necessarily  reinforce  the  sonorous  vibrations  by  their  resonance,  even  if  they 
)t  actually  touch  the  membranes  upon  which  the  nerves  are  expanded;  but,  ina»- 
as  these  bodies  lie  in  contact  with  the  membranous  parts  of  the  labyrinth,  they 
innicate  to  these  membranes  and  the  nerves  vibratory  impulses  of  greater  inteo- 
han  the  aquula  Cotunnii  can  impart.  Sonorous  undulations  in  water  are  not 
ived  by  the  hand  itself  immersed  in  the  water,  but  are  felt  distinctly  through  the 
im  of  a  rod  held  in  the  hand. 

ii  appears  to  me  to  be  the  real  office  of  the  lapilli  and  crystalline  pulpy  masses 
B  labyrinth.  The  opinion  that  the  crystalline  particles  of  these  masses  are* 
1^  the  action  of  sonorous  undulations  on  the  ear,  thrown  off  from  the  internal 
M  of  the  membranous  labyrinth  in  the  same  way  that  dust  or  sand  is  thrown  into 
n  upon  vibrating  solid  lamins  and  membranes,  is  not  confirmed  by  experiment; 
e  dust  floating  on  water  does  not  present  the  slightest  appearance  of  movement 
g  the  passage  of  sonorous  undulations. 

he  cochlea, — In  investigating  the  acoustic  properties  of  the  lahyrinth, 
MM>me8  necessary  that  we  should  inquire  the  direction  in  which 
ilses  and  undulations  are  propagated  in  the  solid  parts  and  fluid  of 
ipparatus. 

jr  summing  up  the  experiments  in  this  head,  we  should  say  that 
ipiral  lamina  of  the  cochlea  must  be  regarded  as  a  surface  upon 
;h  all  the  fibres  of  the  cochlear  nerve  are  spread  out,  so  as  to  be 
ly  simultaneously  exposed  to  the  impulse  of  the  sonorous  undula- 

and  simultaneously  thrown  into  the  maximum  state  of  condeusa* 
,  and  again  into  the  maximum  state  of  rarefaction.  According  to 
view  of  the  use  of  the  cochlea,  it  would  make  no  essential  differ- 

if  the  nervous  fibres  were  spread  out  upon  several  distinct  circular 
)s  surrounding  the  modiolus,  instead  of  a  continuous  spirally  wound 
na;  but  the  latter  form  employed  by  nature  has  this  advantage, 
all  parts  of  the  spiral  lamina  are  so  connected  with  each  other, 
an  impulse  to  one  part  is  communicated  more  readily  to  the  others, 
he  convoluted  form  of  the  cochlea  serves  also  the  purpose  of'afford- 
in  a  small  space  a  considerable  extent  of  surface  required  for  the 
insion  of  the  nervous  fibres. 

he  object  which  nature  has  sought  to  attain  in  the  cochlea  seems 
8  the  spreading  out  of  the  nervous  fibres  upon  a  solid  lamina  which 

f  r.  Pilcher  (in  his  work  on  the  Structure  and  DiseascB  of  tho  Ear)  has  collected  accounts 
imeroos  cases  of  congenital  deafness,  in  which  malformations  of  the  internal  ear,  par- 
irly  of  the  soroicircolar  conals,  were  found  to  exist. 

thn  otolites  of  the  osseous  fishes  have  a  structure  similar  to  that  of  tho  enamel  of  teeth. 
■  of  the  Sander  (Perca  luoioperca),  for  example,  are  formed  of  Isminie  with  a  zone-like 
genent,  in  whidi  a  regular  fibrous  stroctore  is  at  once  evident.  If  famine  of  these 
8  gnmnd  thin  be  tiested  with  moriatio  acid,  they  are  seen  to  be  constituted  of  acomi- 
t  feodieBi  enetly  Uhs  those  whleh  I  bavs  described  as  existing  in  tho  enamel  before  it 
JMidsBil    (ViBgimterk  AnnL  Sa) 
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should  communicate  with  the  solid  walls  of  the  labyrinth  and  craniuni, 
at  the  same  time  that  it  is  in  contact  with  the  fluid  of  the  labyrinth; 
and  which,  besides  exposing  the  nervous  fibres  to  the  influence  of  sono- 
rous undulations  by  two  media,  should  be  itself  insulated  by  fluid  on 
either  side.  In  accordance  with  this  view,  we  can  explain  all  the 
acoustic  provisions  of  the  cochlea. 

The  connection  of  the  lamina  spiralis  with  the  solid  walls  of  the  labyrinth  adapts 
the  cochlea  for  the  perception  of  the  sonorous  undulations  propa^ted  by  the  aoud 
parts  of  the  head  ana  the  walls  of  the  labyrinth.  This  use  of  the  cochlea  has  been  pre* 
viously  pointed  out  by  Professor  E.  H.  Weber.  {jSnnnt,  Jinatomica  et  PhysiohgicK, 
Lips.  1834.)  The  membranous  labyrinth  of  the  vestibule  and  semicircular  canala  is 
•Qspended  free  in  the  liquor  Cotunnii,  and  is  evidently  destined  more  particularly  for 
the  perception  of  sounds  through  the  medium  of  that  fluid,  whether  the  sonorous  on- 
dulations  are  imparted  to  the  fluid  by  the  intervention  of  the  cranial  bones,  as  in  fishes 
and  in  man,  when  sounding  bodies  are  brought  into  communication  with  his  head  or 
teeth,  or  through  the  fenestras.  The  membranous  labyrinth  is  certainly  exposed  to 
the  influence  of  the  resonance  of  the  bony  parietes  of  the  labyrinthic  cavity;  for 
sonorous  undulations  in  water  are,  as  I  have  shown,  beard  with  greatest  intensity  in 
the  vicinity  of  solid  walls;  but  yet  it  remains  strictly  true  that  the  membranous  laby- 
rinth is  acted  on  immediately  only  by  the  undulations  of  a  fluid.  The  spiral  lamina 
on  which  the  nervous  fibres  are  expanded  in  the  cochlea  is,  on  the  contrary,  continn- 
008  with  the  solid  walls  of  the  labyrinth,  and  receives  directly  from  them  the  impolsos 
which  they  transmit.  This  is  an  important  advantage;  for  Uie  impulses  imparted  by 
solid  bodies  have,  esBieris  paribus^  a  greater  absolute  intensity  than  those  commmii* 
eated  by  water. 

This  is  not,  however,  the  sole  office  of  the  cochlea;  the  spiral  lamina, 
as  well  as  the  membranous  labyrinth,  receives  sonorous  impulses 
,  through  the  medium  of  the  fluid  of  the  labyrinth  from  the  cavity  of  the 
vestibule  and  from  the  fenestra  rotunda.  The  lamina  spiralis  of  man 
and  Mammalia  is  indeed  much  better  calculated  to  render  the  action  of 
these  undulations  upon  the  auditory  nerve  efficient  than  the  membra- 
nous labyrinth;  for,  as  a  solid  body  insulated  by  a  different  medium,  it 
is  capable  of  resonance. 

Lastly,  it  may  be  observed  that  the  object  of  the  fibres  of  the  nerve 
being  spread  out  singly  upon  the  lamina  spiralis  is  evident.  In  the  first 
place,  it  insures  a  more  complete  participation  of  the  fibres  in  the  im- 
pulses communicated  by  the  solid  parts  of  the  cochlea;  and,  secondly, 
the  intensity  with  which  the  sonorous  undulations  are  communicated 
to  a  body  is  proportionate  to  the  extent  of  surface  over  which  tliey 
can  act  on  it.  Thus,  when  a  sound  is  excited  in  water,  and  is  con- 
ducted to  the  stopped  ears  by  means  of  a  rod,  the  intensity  of  the 
sound  heard  increases  with  the  depth  to  which  the  rod  is  immersed  in 
the  water,  or  with  the  extent  in  which  it  is  in  contact  with  the  surface 
of  the  water. 


CHAPTER  III. 

OF    THE    ACTIONS   OF   THE    AUDITORY    NERVE. 

Injluenct  of  the  mind  in  hearing. — The  perception  of  the  direction 
of  sounds  is  not  a  faculty  of  the  sense  of  hearing  itself,  but  is  an  act  of 
judgment  which  founds  it  on  experience  previously  acquired.  From 
the  modifications  which  the  sensation  of  sound  undergoes  according  to 
the  direction  in  which  the  sound  reaches  us^  the  mind  infen  the  poaitioa 
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le  sounding  body.  The  only  true  guide  for  this  inference  is  thd 
)  intense  action  of  the  sound  upon  one  than  upon  the  other  ear. 
even  here  there  is  room  for  much  deception  by  the  influence  of  re- 
ion,  or  resonance,  and  by  the  propagation  of  sound  from  a  distance 
out  loss  of  intensity  through  curved  conducting-tubes  filled  with 

By  means  of  such  tubes,  or  of  solid  conductors  which  convey  the 
rous  vibrations  from  their  source  to  a  distant  resonant  body,  sounds 
be  made  to  originate  apparently  in  a  new  situation, 
tie  direction  of  sound  may  also  be  judged  of  by  means  of  one  ear 
;  the  position  of  the  ear  and  head  being  varied,  so  that  the  sonorous 
ilations  at  one  moment  fall  upon  the  ear  in  a  perpendicular  direc- 
at  another  moment  obliquely. 

'^hen  neither  of  these  circumstances  can  guide  us  in  distinguishing 
iirection  of  sound,  as  when  it  falls  equally  upon  both  ears,  its  source 
g,  for  example,  either  directly  in  front  or  behind  us,  it  becomes  im- 
ible  to  determine  whence  the  sound  comes:  this,  which  has  been 
onstrated  by  Venturiui's  experiments,  ( Voigt^s  Magazin,  Bd.  2,) 
necessary  consequence  of  physical  laws.  Undulations  give  not 
3ly  the  impulses  of  condensation  in  one  direction,  but  that  of  rare- 
on  in  the  opposite;  and,  when  several  undulations  succeed  one 
her,  these  impulses  in  opposite  directions  regularly  alternate.  If, 
3fore,  the  nerves  were  capable  of  distinguishing  the  direction  of 
iilses,  no  means  would  thus  be  afforded  for  determining  whether  a 
id  came  in  one  direction  or  in  the  opposite. 

entriloqnists  take  advantage  of  the  difficulty  with  which  the  direc- 
of  sounds  is  recognised,  and  also  of  the  influence  of  the  imagination 
'  our  judgment,  when  they  direct  their  voice  in  a  certain  direction, 
at  the  same  time  pretend  themselves  to  hear  the  sounds  coming 
I  thence. 

he  distance  of  the  source  of  sounds  is  not  recognised  by  the  sense 
r,  but  it  is  inferred  from  their  intensity.  The  sound  itself  is  always 
sd  but  in  one  place,  namely,  in  our  ear;  but  it  is  interpreted  as 
ing  from  an  exterior  soniferous  body.  When  the  intensity  of  the 
e  is  modified  in  imitation  of  the  effect  of  distance,  it  excites  the 
of  its  originating  at  a  distance;  and  this  also  is  taken  advantage  of 
entriloquists. 

he  mind  has,  however,  the  power  of  influencing  the  act  of  sensation 
f, — of  voluntarily  increasing  its  inten^ty,  as  in  <<  listening.''  By 
faculty  of  attention  we  can  distinguish  one  sound  out  of  several  or 
ly  others, — can  follow  the  tones  of  one  instrument  in  a  full  orchestra, 
/^hen  two  persons  address  their  speech  to  our  opposite  ears  simulta* 
isly,  the  two  impressions  conveyed  to  the  sensorium  become  mixed; 
it  is  only  by  great  exertion  of  the  attention,  and  by  the  aid  of  a 
irence  of  tone  of  the  two  voices,  that  we  are  enabled  to  follow  the 
ids  of  one  exclusively,  disregarding  those  of  the  other,  which  are 
I  heard  as  a  more  or  less  indistinct  murmur.  When  the  activity  of 
sensorium  is  not  directed  to  the  impressions  communicated  to  it  by 
auditory  nerves,  sounds  that  exist  are  not  heard;  or,  what  frequently 
p(Bii8y  a  sound  may  be  so  faint,  that,  on  account  of  the  mind  being 

"to  other  objects,  it  is  for  a  moment  disregarded,  but  is  heard  as 

M 
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soon  as  the  attention  is  recalled  to  it    Similar  phenomena  are  observed 
to  occur  in  the  case  of  the  other  senses. 

Jicuteness  of  hearing. — The  sense  of  vision  may  vary  in  its  degree 
of  perfection  as  regards  either  the  faculty  of  adjustment  to  different  dia* 
tances,  the  power  of  distinguishing  accurately  the  particles  of  the  retina 
affected,  sensibility  to  light  and  darkness,  or  the  perception  of  the  differ- 
ent shades  of  colours.  In  the  sense  of  hearing  there  is  no  parallel  to 
the  faculty  by  which  the  eye  is  accommodated  to  distance,  nor  to  the 
perception  of  the  particular  part  of  the  nerve  affected;  but  just  as  one 
person  sees  distinctly  only  in  a  bright  light,  and  another  only  in  a 
moderate  light,  so  in  different  individuals  the  sense  of  hearing  is  mora 
perfect  for  sounds  of  different  pitch:  and  just  as  a  person,  whose  vision 
for  the  forms  of  objects,  &c.  is  acute,  nevertheless  distinguishes  colours 
with  difficulty,  and  has  no  perception  of  the  harmony  and  disharmony 
of  colours,  so  one,  whose  hearing  is  good  as  far  as  regards  the  sensibility 
to  feeble  sounds,  is  sometimes  deficient  in  the  power  of  recognising  the 
musical  relation  of  sounds,  and  in  the  sense  of  harmony  and  discord; 
while  another  individual,  whose  hearing  is  in  other  respects  imperfect, 
has  these  endowments. 

Many  persons,  whose  hearing  is  good,  are  incapable  of  perceiving  very  hiffh  or 
ioute  tones;  Dr.  Wollaston  observed  several  instances  of  this  kind:  while  deaf  per* 
sons  sometimes  hear  shrill  sounds  very  well.  Among  the  caases  of  this  latter  con- 
dition is,  as  we  have  before  remarked,  a  state  of  too  great  tension  of  the  membrana 
lympani,  in  whatever  way  prodaced.  Many  deaf  people  hear  sounds,  which  are  net 
very  intense,  better  when  a  loud  noise  prevails  at  the  same  time.  Of  this  conditioBt 
paraeuM  WilHsiana,  two  instances  are  described  by  Willis:  one  was  that  of  a  person 
who  could  only  maintain  a  conversation  when  a  drum  was  beat  near  him;  in  the  other 
ease,  the  individual  could  hear  only  while  a  bell  was  ringing.  Similar  cases  have 
been  observed  by  Holder,  Bachmann,  Fielitz;  (see  Muneke,  in  GehkrU  Phytic  Wat' 
ltf6ifeA,  iv.  3,  p.  129U,}  tliey  are,  perhaps,  to  be  attributed  to  a  state  of  torpor  of  the 
auditory  nerve,  which  requires  to  be  roused  before  it  can  exercise  its  fonctioM. 
Sometimes,  however,  the  circumstance  of  a  deaf  person  hearing  particular  sounds 
during  a  great  noise  as  well  as  other  people  who  are  not  deaf,  may  arise  from  his 
being  much  less  disturbed  by  the  noise  than  they.  It  is  thus  that  a  deaf  person 
explains  the  fact  that,  when  travelling  in  a  close  carriage,  he  can  take  a  part  Teiy 
well  in  conversation.  His  companions,  he  says,  do  not  then  hear  each  others 
Toices  better  than  he,  because  the  noise  of  the  carriage  is  heard  much  more  loudly 
by  them.  Excessive  acuteness  of  hearing,  kyperacusit,  arises  from  a  state  of  too 
gteat  excitability  of  the  auditory  nerve,  and  corresponds  to  the  photophobia  of 
Tision. 

T^e  causes  on  which  the  defect  of  a  mnsical  ear  depends,  are  unknown.  A  person 
who  is  deficient  in  the  sense  of  musical  intervals,  harmonies,  and  discords,  will  be  a 
bad  singer,  though  he  have  a  good  voice. 

Sympathies  of  the  auditory  nerve. — Irritation  or  excitement  of  the 
auditory  nerve  is  capable  of  giving  rise  to  movements  in  the  body,  and 
to  sensations  in  other  organs  of  sense.  In  both  cases  it  is  probable  that 
the  laws  of  reflexion  through  the  medium  of  the  brain  come  into  play. 
An  intense  and  sudden  noise  excites  in  every  person  closure  of  tlie  eye- 
lids, and  in  nervous  individuals  a  start  of  the  whole  body.  The  second- 
ary sensations  induced  by  impressions  on  the  sense  of  hearing  are 
principally  seated  in  the  nerves  of  touch,  or  common  sensation.  A 
sudden  noise  excites  in  persons  of  excitable  nervous  system  an  unplea- 
sant sensation,  like  that  produced  by  an  electric  shock,  throughout  the 
body,  and  sometimes  a  particular  feeling  in  the  external  ear.    Vaiiom 
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I  of  sounds,  such  as  the  friction  of  paper,  or  scratching  of  glass, 
)  in  many  people  a  disagreeable  feeling  in  the  teeth,  or,  indeed,  a 
itionof  cold  trickling  through  the  body.  Intense  sounds  are  said  to 
)  the  saliva  collect  in  the  mouth  in  some  people.* 
16  sense  of  hearing  may  in  its  turn  be  affected  by  impressions  on 
J  other  parts  of  the  body;  but  this  is  observed  especially  in  diseases 
dominal  viscera,  and  in  febrile  affections.  Here,  also,  it  is  probable 
the  central  organs  of  the  nervous  system  are  the  media  through 
h  the  impression  is  transmitted. 


SECTION  in. 
OF  THE  SENSE  OF  SMELL. 

CHAPTER  I. 

THE   PHYSICAL   CONDITIONS   FOR   THE   PERCEPTION   OF    ODOURS. 

IE  sense  of  smell  ordinarily  requires  for  its  excitement  to  a  state  of 
ity  the  action  of  external  matters,  which  produce  certain  changes 
16  olfactory  nerve;  and  this  nerve,  like  that  of  taste,  is  susceptible 
I  infinite  variety  of  states  dependent  on  the  nature  of  the  external 
nlus. 

He  first  condition  essential  to  the  sense  of  smell  is  the  existence  of 
sdal  nerve,  the  changes  in  whose  condition  are  perceived  as  sensa- 
\  of  odour;  for  no  other  nerve  is  capable  of  these  sensations,  even 
gh  acted  on  by  the  same  causes.  The  same  substance  which  ex- 
the  sensation  of  smell  in  the  olfactory  nerves  causes  a  peculiar 
I  in  the  nerve  of  taste,  and  may  produce  an  acrid  and  burning  sen- 
>n  in  the  nerves  of  touch.  The  opinion  of  Kant,  that  smell  is  dis- 
taste, appears  to  me  to  be  incorrect. 

lie  second  condition  of  smell  is  a  peculiar  condition  of  the  olfactory 
e,  or  a  peculiar  change  produced  in  it  by  the  stimulus  or  odorous 
tance. 

he  material  causes  of  odours  are,  in  the  case  of  animals  living  ia 
lir,  substances  suspended  in  a  state  of  extremely  fine  division  in  the 
)sphere;  or  gaseous  exhalations,  often  of  so  subtile  a  nature  that  they 
be  detected  by  no  other  re-agent  than  the  sense  of  smell  itself.  In 
!S  the  odorous  matters  are  contained  in  the  water;  but  in  what  form, 
hether  dissolved  in  the  same  manner  as  the  gases  absorbed  by 
sr, — is  uncertain.  The  solution  of  these  matters  in  water  is  clearly 
eason  for  denying  the  sense  of  smell  to  fishes,  or  for  placing  the 
e  of  taste  in  their  nares;  for  the  essential  characteristic  of  the  sense 
nell  consists,  not  in  the  gaseous  nature  of  the  odours,  but  in  the 
ial  sensibility  of  certain  nerves,  and  in  its  difference  from  the  sen- 
ity  with  which  the  nerves  of  taste  are  endued.    The  matters  of 

Mmt  other  examples  of  syrnpath  j  of  this  kind  have  been  collected  by  Tiedemann, 
MHm  U  Phyaiol.  B.  i.  H.  %,)  and  Lincke  (op.  cit.  p.  567). 
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odours,  also,  must  in  all  cases  be  dissolved  in  the  mucus  of  the  mucous 
membrane  before  they  can  affect  the  olfactory  nerves«  and  their  state 
in  the  mucus  must  be  the  same  as  that  in  which  they  are  contained  in 
water.  On  the  other  hand,  the  nerve  of  taste  is  not  acted  on  solely  by 
liquid  and  solid  matters;  gaseous  substances  also  are  sometimes  tasted 
when,  like  sulphurous  acid,  and  many  other  gaseous  bodies,  they  are 
capable  of  being  dissolved  in  the  fluid  covering  the  tongue.  It  may, 
therefore,  be  easily  conceived  that  the  very  same  principle  will  produce 
different  sensations  in  the  organs  of  smell  and  taste;  in  the  former  the 
sensation  of  a  particular  odour,  in  the  latter  that  of  a  peculiar  taste. 
The  observation  of  Treviranus,  that  in  animals  living  in  the  air  the 
organ  of  smell  is  comparable  to  a  lung,  in  fishes  to  a  gill  or  branchia, 
is,  to  a  certain  extent,  correct  and  ingenious;  but  it  would  be  as  erro- 
neous to  suppose  that  the  odorous  matters  dissolved  in  water  must  be 
converted  into  the  gaseous  state  before  acting  on  the  olfactory  nerve,  as 
that  the  gases  absorbed  and  dissolved  in  the  water  must  be  restored  to 
the  form  of  gases  in  the  branchias  before  being  taken  up  into  the  blood* 
The  state  in  which  these  gases  are  contained  in  the  blood  is,  indeed, 
the  same  as  that  in  which  they  exist  in  the  water.  Lastly,  it  is  to  be 
observed  that  the  olfactory  nerves  of  fishes  are  identical  with  the  ol- 
&ctory  nerves  of  all  other  animals;  they  arise  from  the  same  parts  of 
the  brain,  the  lobi  olfactorii,  which,  even  in  Mammalia,  exist  in  the  form 
of  the  olfactory  bulb. 


A  further  condition  necessary  for  the  perception  of  odoars  is,  that  the  mocons 
brane  of  the  nasal  cavity  be  moist;  for,  as  we  have  already  observed,  the  moistarB  of 
the  macous  sarface  is  the  vehicle  through  the  medium  of  which  the  odorous  matters 
are  more  immediately  applied  to  the  nerves.  When  the  Schneiderian  membrane  is 
dry,  the  sense  of  smell  is  lost;  thus,  in  the  first  stage  of  catarrh,  when  the  secretioe 
or  mucus  within  the  noetrils  is  lessened,  the  faculty  of  perceiving  odoars  is  eitber 
lost,  or  rendered  very  imperfect. 

In  animals  living  in  the  air,  it  is  also  requisite  that  the  odorous  matters  should  be 
transmitted  in  a  current  through  the  nostrils.  This  is  eflected  by  the  respiratory  move- 
ments: hence  we  have  voluntary  influence  over  the  sense  of  smell;  for  by  interrupting 
respiration  we  prevent  the  perception  of  odours,  and  by  repeated  inspirations  render 
their  impression  more  intense. 

In  aquatic  animals  this  influence  over  the  sense  by  voluntary  movement  does  not 
exist;  for  in  them  the  nostrils  are  generally  closed  posteriorly,  and  do  not  communicate 
directly  with  the  respiratory  organs.  Yet  even  here  the  effect  which  the  current  through 
the  nostrils  would  produce  is  attained  in  another  way,— namely,  by  the  constant  cur- 
rent into  the  mouth,  and  from  the  branchial  apertures,  which  is  maintained  by  the 
movements  of  the  branchial  operculum. 


CHAPTER  II. 

OF  THE  ORGAN  OF  SMELL. 

In  Mammalia  the  nasal  apparatus  includes  the  labyrinth  of  the  ethmoid  bone,  the 
turbinated  bones,  and  the  accessory  sinuses  opening  into  the  nasal  cavity.  The  de- 
velopment of  surface  in  the  inferior  turbinated  bone  is  very  remarkable.  The  moot 
peculiar  forms  are  presented  on  the  one  hand  by  the  Ruminantia,  Solidungula,  &c;  on 
the  other,  by  the  Camivora.  In  the  former  orders,  the  inferior  turbinate  bone  is,  at  its 
line  of  attachment,  a  simple  lamina,  which  aflerwards  divides  into  on  oppor  wad  m 
lower  lamella,  of  which  the  first  is  rolled  upwards  like  a  scroll  of  ptpert  tho     ' 
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iwardB  in  the  tame  form.  In  Camivon  the  lamina  divides  into  branehes,  which 
off  side  branches,  maoh  in  the  manner  of  the  arbor  vits  of  the  cerebellam.  Com- 
I  with  these  states  of  development,  the  condition  of  the  turbinated  bones  in  the 
tn  subject  appears  quite  rudimentary.  The  organs  discovered  by  Stenson  main- 
a  communication  between  the  nasal  cavity  and  mouth  at  the  situation  of  the 
len  incisivum  in  many  Mammalia.  These  canals  must  not  be  confounded  with 
«rt]y  membranous,  partly  cartilaginous,  tube  observed  by  Jacobson,  which  lies 
te  floor  of  the  nostrils,  between  the  vomer  and  the  mucous  membrane,  and 
lunicates  with  the  canals  of  Stenson.   The  function  of  these  parts  is  not  known.* 

he  accessory  cavities  or  sinuses  communicating  with  the  nostrils 
1  to  have  no  relation  to  the  sense  of  smell.  Air  impregnated  with 
/apour  of  camphor  was  injected  by  Deschamp  into  the  frontal  sinus 
ugh  a  fistulous  opening,  and  Richerand  injected  odorous  substances 
the  antrum  of  Highmore;  but  in  neither  case  was  any  odour  per- 
3d  by  the  patient.  Nature  seems  to  attain  nearly  the' same  object 
ther  she  fills  the  cavities  of  bones  with  air  or  with  fat;  in  either 

she  renders  the  bones  lighter  than  they  would  be  were  they  solid 
jghout.  In  birds  many  bones  are  filled  with  air;  those  of  the 
Ic  through  the  medium  of  the  lungs,  those  of  the  head  through  the 
Achian  tube:  in  man  certain  bones  of  the  head  only  contain  air, 
ely,  the  mastoid  process  of  the  temporal  bone,  and  the  bones 
tding  the  nasal  cavity.  The  mucous  membranes  both  of  the  nares, 
of  the  sinuses  opening  into  them^  presents  the  ciliary  motion  in  all 
lals. 

le  process  by  which  the^  stimulus  is  conveyed  to  the  nerve,  in  the 
IS  hitherto  considered  so  complex,  is  here  very  simple.  The 
ous  matters  suspended  in  the  air  in  the  form  of  vapour,  or  some- 
8,  perhaps,  of  a  very  fine  powder,  are  brought  into  contact  with 
(BDtient  mucous  surfaces  by  the  current  to  which  the  respiratory 
ements  give  rise.  A  current  of  air  from  within  outwards  some- 
B  excites  the  sensation  of  odour,  as  in  the  case  of  odorous  sub- 
;es  being  developed  in  the  respiratory  organs,  or  when  such 
ers  developed  in  the  digestive  organs  are  expelled  upwards  by 
tation. 

only  remains  for  us  here  to  consider  the  mode  in  which  the  per- 
on  of  odours  may  be  rendered  more  acute  or  prevented.  We  are 
to  avoid  the  perception  of  unpleasant  odours,  by  interrupting  in- 
tion  through  the  nose.  By  inspiring  the  odorous  vapours  through 
lostrils  with  greater  force,  or  by  repeating  the  inspiration  frequently, 
an  render  their  impression  greater.  In  tracking  by  the  scent,  ani- 
seek  the  part  of  the  atmosphere  containing  the  odorous  matters  by 
ing  rapidly-repeated  inspirations  in  different  directions,  and  then 
w  the  scent  to  its  source  by  the  same  means.  The  perception  of  the 
ous  matters  also  may  be  favoured  by  the  wind.   In  this  way  rumi- 

animals,  without  tracking  the  scent,  are  believed  frequently  to 
Are  odours  developed  at  a  distance. 

lldes  the  sense  of  smell,  the  nasal  caFities  are  also  endowed  with  common  sensi- 
by  the  nasal  twigs  of  the  first  and  second  divisions  of  the  fifth  nerve.  Hence 
■nations  of  cold,  heat,  itching,  tickling,  and  pain,  and  the  sensation  of  tension 
iSiaro  in  the  nostrils.    That  these  nerves  cannot  perform  the  fonction  of  ths 

^  Eossnthsl  in  Tlsdemann*s  Zsitschrift  C  FhysioL  il  p.  289.  With  reference  to  the 
idtldMsnoe  of  sIfiMtonr  nerves  in  the  CeUoea,  see  page  589. 
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plfftGtory  nerves  is  proved  by  the  eases  in  which  the  sense  of  smell  is  lost;  while  the 
inaoous  membrane  of  the  nose  remains  sasceptible  of  the  varioas  modifications  of 
common  sensation  or  touch.  It  is  often  difficult  to  distingroish  the  sensation  of  smell 
from  that  of  mere  feelinfff  and  to  ascertain  what  belongs  to  each  separately.  This  it 
the  case  particularly  with  the  sensations  excited  in  the  nose  by  acrid  vapoars,  as  of 
ammonia,  horseradish,  and  mustard,  &e.  which  resemble  much  the  sensations  of 
the  nerves  of  touch;  and  the  difficulty  is  the  more  apparent  when  it  is  remembered 
that  these  acrid  vapours  have  nearly  the  same  action  upon  the  mncous  membrane  of 
the  eyelids. 


CHAPTER  III. 

OF  THE  ACTION  OF  THE  OLFACTORY  NERVES. 

.  Animals  do  not  all  equally  perceive  the  same  odours;  the  odours 
perceived  by  a  herbivorous  animal  and  by  a  carnivorous  animal  are 
different.  The  cause  of  this  difference  must  lie  in  the  endowments  of 
the  central  parts  of  the  olfactory  apparatus.  The  Carnivora  have  the 
power  of  detecting  most  accurately  by  the  smell  the  special  peculiarities 
of  animal  matters,  and  of  tracking  other  animals  by  the  scent;  but  have 
apparently  no  sensibility  to  the  odours  of  plants  and  flowers.  Man 
is  far  inferior  to  carnivorous  animals  in  respect  of  the  acuteness  of 
smell,  but  his  sphere  of  susceptibility  to  odours  is  more  uniform  and 
extended. 

Opposed  to  the  sensation  of  an  agreeable  odour  is  that  of  a  disagree- 
able or  disgusting  one,  which  corresponds  to  the  sensations  of  pain, 
dazzling  and  disharmony  of  colours,  and  dissonance,  in  the  other  senses. 
The  cause  of  this  difference  in  the  efiect  of  different  odours  is  unknown, 
but  thus  much  is  certain,  that  odours  are  pleasant  or  offensive  in  a 
relative  sense  only,  for  many  animals  pass  their  existence  in  the  nudst 
of  odours  which  to  us  are  highly  disagreeable.  A  great  difference  in 
this  respect  is,  indeed,  observed  amongst  men.  Many  odours  generally 
thought  agreeable  are  to  some  persons  intolerable:  the  smell  of  burnt 
horn  is  to  many  persons  unpleasant;  to  others,  who  are  not  at  all  fan- 
ciful, agreeable.  To  many  individuals  mignonette  does  not  smell  very 
sweet;  but  rather  herb-like,  as  Blumenbach  observes,  and  as  I  expe- 
rience in  my  own  person.  We  have  no  exact  proof  that  a  relation  of 
harmony  and  discord  exists  between  odours,  as  between  colours  and 
sounds;  though  it  is  probable  that  such  is  the  case,  since  it  certainly 
is  with  regard  to  the  sense  of  taste.  It  is  also  not  certain  that  sensa- 
tions of  odours  continue  after  the  impression  of  the  odorous  matter  has 
ceased,  though  we  can  scarcely  imagine  that  such  is  not  the  case.  It  is 
difficult  to  ascertain  this  point  by  direct  observation;  the  cadaverous 
odour,  which  isr  frequently  retained  in  the  nose  very  long  after  post- 
mortem examinations,  cannot  be  regarded  as  a  proof,  since  it  probably 
arises  from  some  of  the  odorous  matter  remaining  dissolved  in  the  mucus 
of  the  nostrils. 

The  sensations  of  the  olfactory  nerves,  independent  of  the  external  application  of 
odorous  substances,  have  hitherto  been  little  studied.  It  has  been  found  that  solutions 
of  inodorous  substances,  such  as  salts,  excite  no  sensation  of  odour  when  injected  into 
the  nostrils.    The  friction  of  the  electrical  machine  is,  however,  known  to  prodaoe  a 
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like  that  of  phoaphoras.  Ritter,  too*  has  obaenred*  that  when  galTaniam  ia 
i  to  the  organ  of  smell,  besides  the  impulse  to  sneeze,  and  the  ticklinj^  sensar 
amell  like  that  of  ammonia  was  excited  by  the  negative  pole,  and  an  acid  odour 
positive  pole;  whichever  of  these  sensations  was  produced,  it  remained  constant 
;  as  the  circle  was  closed,  and  changed  to  the  other  at  the  moment  of  the  cirola 
opened.  Frequently  a  person  smells  something  which  is  not  present,  and  whkh 
persons  cannot  smell;  this  is  very  frequent  with  nervous  people,  but  it  ooea* 
y  happens  to  every  one.  In  a  man  who  was  constantly  conscious  of  a  bad 
the  arachnoid  was  found  after  death,  by  MM.  Cullerier  and  Maignault,  to  be 
irith  deposits  of  bone;  and  in  the  middle  of  the  cerebral  hemispheres  were  sero- 
eysts  m  the  state  of  suppuration.  Dubois  was  acquainted  with  a  man  who^ 
Ha  a  fall  from  his  horse,  which  occurred  several  years  before  his  death,  believed 
>  smelt  a  bad  odour. 

ether  substances  which  haye  a  strong  odour  would,  when  introduced  into  the 
ition,  excite  the  olfactory  nerve  to  the  perception  of  the  odour,  has  not  been  ascer- 
experimentally. 

lenses  are  so  intimately  connected  with  the  instinctive  operations  of  the  animal 
ny,  as  are  smell  and  taste.  Odours  excite  powerfully  the  sexual  impulse  of 
Is,  and,  by  their  influence  on  the  brain  and  spinal  cord,  give  rise  to  the  actions 
)ted  with  that  impulse.* 


SECTION  IV. 
OF  THE  SENSE  OF  TASTE. 

CHAPTER  I. 

OF  THE  PHYSICAL  'CONDITIONS  FOR  TASTE. 

m  conditions  for  the  perception  of  taste  are: — 1,  the  presence  of 
erve  with  special  endowments;  2,  the  irritation  of  this  nerve  by 
npid  matters;  3,  the  solution  of  these  matters  in  the  secretions  of 
igan  of  taste.  The  mode  of  action  of  the  substances  which  excite 
can  hardly  be  mechanical,  any  more  than  that  of  odorous  matters; 
Host  rather  consist  in  the  production  of  a  change  in  the  internal 
ition  or  material  composition  of  the  nerve  by  matters  in  solution; 
according  to  the  difference  of  these  matters,  an  infinite  variety  of 
ges  of  condition,  and  consequently  of  tastes,  may  be  induced  in  the 
I.  It  cannot,  however,  be  affirmed  that  the  excitement  of  taste  by 
chanicai  impression  on  the  nerve  of  taste  is  absolutely  impossible. 
lure,  traction,  pricking,  and  friction  excite  in  the  tongue  only  varie- 
»f  common  sensation,  it  is  true;  but  Henle  has  observed  that  a  small 
int  of  air  directed  upon  the  tongue  gives  rise  to  a  cool  saline  taste, 
that  of  saltpetre,  and  the  mechanical  irritation  of  the  fauces  and 
e  produces  the  sensation  of  nausea,  which  has  no  affinity  to  the 
»U8  modifications  of  touch  or  common  sensation,  but  is  so  allied  to 
that  it  cannot  be  separated  from  itt  Electricity  is  the  only  im- 
erable  principle  which  excites  taste. 

I  a  general  rule,  the  matters  to  be  tasted  must  either  be  in  solution 
I  soluble  in  the  moisture  covering  the  tongue;  insoluble  substances 

n  account  of  the  facts  knovvn  with  rtgtrd  to  the  lenie  of  smell  was  published  by  H. 
Bt  at  Farili,  in  1821,  under  the  title  of  **  Osphreniologie.*' 

lie  translator  has  shown,  in  a  preceding  page,  that  a  disUnct  aentation  of  taste, 
ir  to  that  caused  by  electricity,  may  be  produced  by  a  mechanical  stimolus 
ad  to  the  papillae  of  the  tongue. 
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produce  merely  sensations  of  touch.  It  is  a  matter  of  doubt  whether 
the  mere  contact  of  a  moist  animal  substance  used  as  food  with  the 
vital  organ  of  taste  can  excite  its  specific  sensation  independently  of 
the  matters  contained  in  solution  within  the  mass  of  food.  Some 
gases,  however^  as  sulphurous  acid  gas,  are  capable  of  exciting  the 
sense  of  taste. 

For  a  perfect  action  of  a  sapid,  as  of  an  odorous  substance^  it  is 
necessary  that  the  sentient  surface  should  be  moist  There  are  ne 
other  means  for  conducting  the  stimulus  to  the  nerve  in  this  sense  than 
the  mucous  secretion  of  the  tongue.  Hence  the  investigation  here,  as 
in  the  case  of  the  sense  of  smell,  is  rendered  very  simple. 


CHAPTER  II. 

or  THE  ORQAN  OF  TASTE. 

The  sense  of  taste  has  its  seat  in  the  fauces,  but  more  especially  in 
the  tongue,  which,  nevertheless,  is  in  many  animals  more  important  as 
an  organ  of  deglutition.  On  account  of  this  latter  circumstance,  the 
numerous  varieties  of  form  presented  by  the  tongue  in  the  animal  series 
have  little  interest  with  reference  to  the  sense  of  taste,  and  need  not 
here  engage  our  attention. 

In  man  the  contact  of  the  finger  or  any  solid  body  with  the  soft 
palate  excites  the  sensation  of  nausea,  which  might  certainly  be  ex- 
plained by  supposing  it  to  resnlt  from  the  impression  being  reflected 
upon  the  nerves  of  taste;  but  the  sensibility  of  the  palate  to  sapid 
substances  is  proved  by  the  experiments  of  Dumas,  Autenrieth,  Horn, 
Lenhossec,  Treviranus,  and  Bischoff;  and  when  I  rub  upon  the  velum 
palati  a  small  piece  of  Swiss  cheese,  I  perceive  distinctly  ils  taste  in  the 
palate.  It  has  been  demonstrated  by  the  experiments  of  Dupuytren, 
Mayo,  and  myself,  that  the  ninth,  or  hypoglossal,  is  the  motor  nerve  of 
the  tongue,  and  the  lingual  branch  of  the  fifth  the  sensitive  nerve; 
for  these  experiments  have  proved  that  irritating  the  hypoglossal 
nerve  by  galvanism,  or  mechanically,  excites  muscular  contractions  in 
the  tongue,  while  division  of  the  lingual  nerve  gives  rise  to  violent  pain. 
Experiments  made  to  ascertain  whether  the  lingual  branch  of  the  fifth 
nerve  has  any  motor  power  require  to  be  performed  with  the  same 
precautions  as  experiments  upon  the  roots  of  the  spinal  nerves.  The 
nerve  must  first  be  divided,  and  the  peripheral  portion  thus  cut  off  from 
its  communication  with  the  central  organs  of  the  nervous  system  alone 
irritated.  If  the  lingual  branch  of  the  fifth  nerve  be  subjected  to 
irritation,  while  yet  in  connection  with  the  brain  and  spinal  cord,  mus- 
cular contractions  may  be  excited  in  the  tongue  and  other  parts  by 
reflexion,  as  I  have  myself  once  recently  observed. 

With  respect  to  the  controversy  as  to  whether  the  lingaal  branch  of  the  fiAh,  or  the 
glossopharyngeal  nerve,  be  the  nerve  of  taste;  we  have  already  stated  the  principal 
arpanoents  (see  page  590).  (See  also  Bischoff^  in  the  Eneyelop,  Wortbuch  der  Med. 
WtsaenehafL)  Professor  R.  Wagner,  {^Froriep*9  Notiz.  1837,  n.  75,)  has  adopted 
Panizza's  view,  on  the  ^oond  of  physiological  as  well  as  anatomical  facts;  Valentin 
and  Bruns  also  have  arrived  at  a  similar  conclusion  from  the  results  of  their  experi- 
ments; while  those  of  Kornfeld,  Gurlt,  and  myself,  favour  the  opposite  opinion,— 
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S  that  the  Hngnal  branch  of  the  fiAh  is  the  principal  nerre  of  taste.  (See  Mui* 
'Mv,  1838,  p.  cxxxiv.;  and  Valentin^B  Report^  1837»  p.  231.)  I  cannot  reffard 
ia^s  experiments  as  conclusive  proofs  of  the  sense  of  taste  residiag  in  the  glo»- 
)rnfl;eal  nerve,  since  a  fortnight  after  the  division  of  the  nerve  the  animal  is 
to  have  begun  to  taste  again.  This  period  is  so  short  as  even  to  render  it  pro- 
that  taste  was  never  lost.  Dr.  Alcock's  experiments  (iHeci.  Gaz,  1836^  Nov*; 
Mfh  vol.  X.  p.  260)  have  not  decided  the  question.  The  perception  of  bitter 
ices  was  not  lost  after  division  of  the  glossopharyngeal  nerve;  it  was  lost  at  the 
r  part  of  the  tongue  only,  when  the  lingual  nerve  was  divided.  He  believes 
ise  of  taste  to  be  seated  not  only  in  the  fflossopharyngeal  nerve  and  the  lingual 
of  the  fifth,  but  also  in  the  palatine  branches  of  the  fifth;  the  experiments 
ispect  to  the  latter  nerves  were  not  decisive. 

3  pathological  observations,  showing  loss  of  taste  accompanying 
of  the  fifth  nerve,  as  in  the  cases  detailed  by  Parry,  Bishop,  and 
>erg,  are  very  important.  In  Mr.  Bishop's  case,  the  pressure  of  a 
ng  upon  the  divisions  of  the  fifth  nerve  was  productive  of  loss  of 
in  the  corresponding  half  of  the  tongue.  (Med,  Oaz.  1833;  and 
sr'*  Jlrchiv.  1834,  p.  132.)  The  case  related  by  M.  Romberg 
Ur^a  *Srchiv,  1838;  Heft  iii.)  is  that  of  a  person  in  whom  taste  and 
ion  sensibility  were  lost  in  one  half  of  the  tongue;  and  here,  also, 
ommencement  of  the  third  branch  of  the  fifth  nerve  was  found 
on  by  a  small  tumour,  while  the  glossopharyngeal  nerve  was 

appears  to  me  certain,  both  from  the  experiments  of  Magendie, 
,  Kornfeld,  and  myself,  as  well  as  from  the  pathological  observa- 
of  Parry,  Bishop,  and  Romberg,  that  the  lingual  branch  of  the  fifth 
principal  nerve  of  taste  of  the  tongue;  but  I  do  not  regard  it  as 
id  that  the  glossopharyngeal  nerve  has  no  share  in  the  perception 
ite  at  the  posterior  part  of  the  tongue  and  in  the  fauces.  M.  Rom- 
ascribes  to  it  the  sense  of  nausea,  by  which  the  entrance  into  the 
live  organs  is  guarded. 


CHAPTER  III. 

rnX  SENSATIONS  OF  TAStE  AND  THE  ACTIONS  Or  THE  OUSTATOBT 

NERVES. 

is  quite  impossible  to  explain  the  various  sensations  of  taste.  The 
re  of  the  essential  quality  of  taste,  by  which  it  is  distinguished  from 
,  common  sensation,  sight,  and  the  sensation  of  sound,  is,  like  the 
re  of  every  other  sensation,  quite  inexplicable.  Of  the  essential 
ty  of  blue,  for  example,  we  can  form  no  further  conception;  it  can 
be  perceived  as  a  sensation;  and  we  must  remain  contented  with 
;no  wledge  that  the  different  nerves  of  sense  enjoy  special  properties, 
perceiving  colours,— blue,  for  example;  another  sounds,  a  third 
rs,  and  so  on.  But  the  causes  on  which  the  difierences  in  the 
>U8  sensations  of  one  and  the  same  nerve  depend  may  possibly  be 
tained,  and  in  the  cases  of  vision  and  hearing  they  are  alrestdy 
vn.  We  know  that  one  sound  differs  from  another  in  proportion 
9  difference  in  the  number  of  undulations  producing  them;  and  that 
lumber  of  undulations  of  the  imponderable  ether  of  light,  within  a 
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given  time,  is  different  for  each  colour.  In  the  cases  of  tlie  senses  of 
taste  and  smell,  however,  we  are  far  from  having  such  a  theory  to 
explain  the  varieties  of  sensations.  Bellini  tried  to  elucidate  the  great 
variety  in  the  sensations  of  taste  by  means  of  the  old  hypothesis  of  the 
ditferent  form  of  the  ultimate  molecules  of  bodies^ — a  theory  which 
cannot  be  refuted,  but  which  is  quite  as  incapable  of  proof.  At  the 
period  when  everything  was  accounted  for  by  chemical  polarities,  it 
was  customary  to  make  application  of  this  hypothesis  also  to  explain 
the  phenomena  of  taste. 

Besides  the  sense  pf  taste,  the  tongue  is  endued  with  a  very  delicate 
and  accurate  touch,  which  renders  it  sensible  of  the  impressions  of  heat 
and  cold,  itching,  pain,  and  mechanical  pressure,  and  consequently  of 
the  form  of  surfaces. 

The  toDgoe  may  lose  its  oomroon  sensibility,  and  stUl  retain  the  sense  of  taste,  and 
wke  vend.  (MuUer't  Jrehiv.  1835,  p.  139.— ifecftea/  GazeiU,  Oct.  1834.)  This  faet 
renders  it  probable  that  the  ner?oo8  conductojrs  for  these  two  diflerent  sensations  are 
distinct,  just  as  the  nerves  for  smell  and  common  sensibility  in  the  nostrils  are  distinct* 
It  will  be  easily  conceiyed  that  the  same  nervous  tmnk  may  contain  fibres  diflering 
raj  essentially  in  their  specific  properties.  Facts  detailed  in  a  preyioos  pa^  provs 
that  the  Hngnal  branch  of  the  fifth  ner?e  is  the  seat  of  sensations  of  taste;  bat  it  is  also 
certain,  from  the  marked  manifestations  of  pain  to  which  its  division  in  animals  giyss 
rise,  that  it  is  a  nerve  of  common  sensibility.  The  hypoglossal,  or  ninth  nerve,  also 
is  endowed  with  sensibility  in  addition  to  its  motor  power  (see  page  597). 

Many  substances  having  odour  as  well  as  taste,  their  simultaneous  acUon  npon  the 
two  senses  gives  rise  to  a  more  or  less  mixed  sensation.  The  sensation  of  taste  mayy 
however,  in  sneh  a  ease  be  isolated  from  that  of  smdl  by  closing  the  nostrils.  Many 
fine  wines  lose  much  of  their  apparent  excelience  if  the  nostrils  are  held  close  while 
thej  are  drunk. 

It  would  appear,  from  the  experiments  of  Horn,  {Vber  den  Qt»ehmack»-^nn  in 
MBmehen.  Heidelberg,  1835,)  that  some  substances  excite  a  different  taste,  according 
as  they  are  applied  to  different  papills  of  the  tongue;  an  c^servation  which  wooll 
seem  to  afford  an  explanation  of  the  difference  often  perceived  between  the  flavour  fiist 
excited  bjr  some  substances,  and  those  which  they  leave  behind  them  upon  the  tongoe. 
Horn  instituted  experiments  with  a  great  number  of  substances,  and  found  that  a  part 
of  them  tasted  the  same  in  all  regions  of  the  tongue^s  surface;  while  others  had  very 
different  tastes,  according  as  they  were  applied  m  the  neighbourhood  of  the  papUlfli 
filiformes,  or  of  the  papills  vallate. 

Very  distinct  sensations  of  taste  are  frequently  left  after  the  sub- 
stances which  excited  them  have  ceased  to  act  on  the  nerve;  and  such 
sensations  often  endure  for  a  long  time,  and  modify  the  taste  of  other 
substances  applied  to  the  tongue  afterwards.  After  I  have  chewed  a 
piece  of  the  root  of  sweet  flag  (acorus  calamus),  milk  and  coffee  have 
to  me  a  sourish  taste;  the  taste  of  sweet  substances  spoils  the  flavour  of 
wine,  the  taste  of  cheese  improves  it.  There  appears,  therefore,  to  exist 
the  same  relation  between  tastes  as  between  colours,  of  which  those 
that  are  opposed  or  complementary  render  each  other  more  vivid, 
though  no  general  principles  governing  this  relation  have  been  dis- 
covered in  the  case  of  tastes.  In  the  art  of  cooking,  however,  attention 
has  at  all  times  been  paid  to  the  consonance  or  harmony  of  flavours  in 
their  combination  or  order  of  succession,  just  as  in  painting  and  music 
the  fundamental  principles  of  harmony  have  been  employed  empirically 
while  the  theoretical  laws  were  unknown. 

Frequent  and  continued  repetition  of  the  same  taste  renders  the  per- 
ception of  it  less  and  less  distinct,  in  the  same  way  that  a  colour  becomes 
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and  more  dnll  and  indistinct,  the  longer  the  eye  is  fixed  upon  it 
md  white  wine  can  at  first  be  distinguished  by  their  flavour  when 
res  are  bound;  but,  after  frequently  tasting  first  one  and  then  the 
,  it  soon  becomes  impossible  to  discriminate  between  them. 

simple  contact  of  a  ezpid  sobstanoe  with  the  surface  of  the  ^statory  organ 
ise  freqaentlj  to  a  very  indistiDet  sensation  of  taste,  and  sometimes  to  none  at 
lie  sensation  is,  on  the  contrary,  very  much  heightened  by  the  compression, 
ly  and  motion  of  the  substance  to  be  tasted  between  the  tongue  and  palate.  The 
>f  this  may  be  either  that  the  impression  is  rendered  more  intense  when  oom- 
wiih  a  mechanical  impetns,  as  is  the  cause  in  the  perception  of  odours;  or  Uiat 
)ltability  of  the  sentient  points  of  the  tonffue*s  surface  soon  becomes  exhausted, 
t  motion  is  necessary  to  bring  the  foreign  substance  into  relation  with  fresh 
f  the  nerve.  The  hypothesis  recently  proposed  by  Raspaii  that  a  reciprocal 
is  here  excited  between  the  two  living  surfaces  brought  into  contact  with  each 
s  very  improbable,  since  the  friction  of  the  substance  to  be  tasted  upon  the 

by  any  other  means,  without  the  contact  of  the  tongue  and  palate,  nas  the 
fleet. 

rsations  of  taste,  independent  of  the  application  of  sapid  substances, 
been  hitherto  little  observed.  We  have  instances  of  these  sensa- 
however,  in  the  nausea  produced  by  mechanical  irritation  of  the 
f  the  tongue  and  soil  palate;  in  the  saline  taste  observed  by  Henle 
excited  by  the  impression  of  a  small  current  of  air;  and  in  the 
ind  alkaline  tastes  to  which  the  application  of  galvanism  by  means 
>  plates  of  different  metals  to  the  tongue  give  rise.  Reasons  which 
r  improbable  the  opinion  that  this  last  phenomenon  is  due  to  de- 
Dsition  of  the  salts  of  the  saliva  are  stated  at  page  623^  moreover, 
.me  tastes  can  be  excited  by  a  mechanical  stimulus. 
9  reaction  of  the  sense  of  taste  seems  capable  of  being  excited  also 
gh  the  medium  of  the  blood,  in  the  same  way  that  the  sense  of 
t  is  affected  so  as  to  produce  flickering  before  the  eyes,  &c.  by  the 
ice  of  narcotic  substance  in  the  circulation.  M.  Magendie  has 
ved  that  dogs,  into  whose  veins  milk  has  been  injected,  lick  their 
ith  their  tongue  as  if  they  tasted.  It  is  probable  that  the  sense 
te  is  sometimes  modified,  and  peculiar  sensations  of  taste  excited, 
ternal  changes  in  the  condition  of  the  nerves;  but  it  is  difficult  to 
guish  such  phenomena  from  the  effects  of  external  causes,  such 
inges  in  the  nature  of  the  secretions  of  the  mouth. 


SECTION  v. 

OF   THE    SENSE    OF   TOUCH. 

E  sense  of  touch  is  not  confitied  to  particular  parts  of  the  body  of 
extent,  like  the  other  senses;  on  the  contrary,  all  parts  capable  of 
iving  the  presence  of  a  stimulus  by  a  sensation  of  mere  touch,  or  a 
Ication  of  the  sensations  of  pain  or  pleasurable  feeling,  or  of  heat 
d,  are  the  seat  of  this  sense.  The  external  causes  exciting  these 
tions  are  mechanical,  chemical,  or  electrical  influences,  and  changes 
nperature.  The  sense  of  touch,  or  common  sensibility,  extends 
ghout  the  whole  animal  and  organic  system,  though  its  acuteness 
B  exceedingly  in  different  parts.  Even  the  special  organs  of  the 
ienses  are  endowed  with  common  sensibility,  and  hence  are  sup- 
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plied  with  other  nerves  besides  that  of  the  particular  sense  peculiar  to 
them.  The  nerves  of  touch  arc  the  posterior  ganglionic  roots  of  the 
nerves  of  the  vertebral  or  spinal  system,  which  includes  some  of  the 
cerebral,  and  all  the  spinal  nerves.  The  sensitive  fibres  contained  in 
these  posterior  ganglionic  roots  go,  for  the  most  part,  to  compose  with 
other  fibres  the  nerves  of  animal  life;  but  a  smaller  part  of  them  assist 
in  forming  the  nerves  of  organic  life,  endowing  the  latter  nerves  with 
their  obtuse  sensibility,  the  former  with  their  vivid  sense  of  touch.  The 
so-named  common  feeling  (cosnaesthesis)  is  not  a  peculiar  sense,  but 
merely  the  common  sensibility  of  the  internal  parts  of  the  body,  which 
is  capable  of  endless  modifications,  from  the  feeling  of  fatigue  to  that 
of  pain  in  disease,  and  from  the  feeling  of  ease  to  that  of  pleasurable 
sensations  and  tickling  in  the  state  of  heath. 

Parts  endowed  with  the  senu  of  touch  and  common  sennbility,  Orgam  of  toudL 
ToQch,  iQ  its  more  limited  sense,  does  not  differ  essentially  from  the  sensibility  more 
generally  enjoyed  by  the  textures  of  the  body:  its  peculiarity  depends  solely  on  the 
xelation  of  the  sensiti?e  organ  to  the  external  world.  Every  part  of  the  surface 
endowed  with  sensibility  has  the  sense  of  touch,  inasmuch  as  it  is  capable  of  pei^ 
eeiTingr  the  contact  of  external  bodies.  It  becomes  especially  an  or^an  of  touch, 
when  Its  sensibility  is  very  delicate  and  it  is  endowed  with  motion.  The  orfifant  of 
touch  are  therefore  the  whole  extent  of  the  skin,  but  more  especially  the  hands,  the 
tongue,  the  lips,  (particularly  in  feline  animals,  and  seals  and  walruses,  where  they 
are  provided  with  vibrissse,  the  pulps  of  which  are  very  sensitive,  and  plentifully  sop« 

Slied  with  nerves,)  the  proboscis  and  mouth  of  some  animals,  the  tentacles  of  the 
lollusca,  the  antennae  and  palpi  of  insects,  and  the  finger-like  processes  of  the  pec- 
toral fins  of  the  Trigls,  the  nerves  of  which  arise  from  a  series  of  special  lobes  or 
enlargements  of  the  spinal  cord.  The  pari  developed  for  the  purpose  of  touch  in  the 
skin  IS  the  corpus  papillare,  consisting  of  small  elevations  of  the  surface  of  the  cutis, 
visible  by  the  aid  of  a  lens,  which  are  invested  by  a  sheath  of  the  rete  Malpighii,  and 
contain  the  terminations  of  the  nerves.* 

The  minute  description  of  the  organs  of  touch  in  different  animals  belongs  to  eom- 
parative  anatomy. 

The  parts  of  the  body  in  which  the  sense  of  touch  or  common  seusi- 
bility  has  its  special  seat,  are  certain  regions  of  the  central  organs  of 
the  nervous  system,  and  the  vertebral  or  spinal  system  of  nerves;  and 
by  these  it  is  imparted  to  most  organs  of  the  body. 

There  are  parts  of  the  nervous  centres  which  appear  to  be  perfectly 
insensible;  for  example,  the  surface  of  the  hemispheres,  which,  there 
have  been  frequent  occasions  to  observe,  both  in  man  and  animals, 
may  be  wounded  without  the  production  of  any  pain.  In  cases 
where,  after  injuries  to  the  head,  it  has  been  necessary  to  remove  par- 
tially destroyed  and  projecting  portions  of  brain,  while  the  patient  was 
in  a  state  of  consciousness,  the  operation  has  never  caused  pain,  or  even 
been  felt. 

Other  parts  of  the  nervous  centres,  on  the  contrary,  are  very  sensible; 
but  the  sensations  of  which  they  are  susceptible  are  not  uniformly  the 
same.  When  the  parts  of  the  central  organs  connected  with  the  sense 
of  vision  are  irritated,  appearances  of  light  arc  perceived.  It  is  an  old 
observation,  that  pressure  upon  the  brain  in  the  human  subject  gives 
rise  to  the  perception  of  luminous  appearances  and  Hashes  like  light- 
ning. 13ut  there  are  other  parts  of  the  brain  which  are  susceptible  of 
the  varieties  of  common  sensation;  for  altiiough  pain  in  the  head  is  in 

*  Sec  Breschct  and  RousscI  de  Vaux6mc,  Ann.  d.  So.  Nat.  1834,  t  i.  pu  167. 
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instances  seated  merely  in  the  nerves  of  the  exterior  investments 
I  brain,  yet  the  possibility  of  such  sensations,  as  of  tension  or  pain, 

seated  in  the  brain  itself,  is  shown  by  cases  of  chronic  affections 
It  organ,  where  the  patient  has  had  a  more  or  less  distinct  con- 
mess  from  his  sensations  of  the  seat  of  the  disease.* 
8  spinal  portion  of  the  encephalon  and  the  spinal  cord  are  sus- 
)le  only  of  the  modifications  of  common  sensation,  which  are  per- 
1  both  at  the  situation  where  they  are  excited,  namely  in  the 
le  line  of  the  back,  and  in  the  external  parts  to  which  the  spinal 
IS  are  distributed,  having  there  the  character  either  of  pain  or  of 
"eeping  of  insects,  ^  formicatio."  The  local  sensations  in  the  back 
>metimes  unattended  with  those  in  the  peripheral  parts,  and  vice 
•    The  cause  of  these  remarkable  differences  is  unknown. 

laws  regulating  the  production  of  sensation  in  nerves,  by  irritation  applied  to 
slves,  have  been  fully  considered  in  the  book  on  the  physiology  of  the  nerves. 
r  remains  for  us,  therefore,  here  to  speak  of  the  sensations  caused  by  stimuli 
d  to  their  peripheral  extremities. 

I  horny  tissue  and  teeth  are  perfectly  destitute  of  sensibility,  though  their 
:  or  pulp  is  supplied  with  nerves  as  well  as  with  vessels.  The  sensation  ia 
)th  proauced  by  the  contact  of  acids  must  therefore  be  regarded  as  an  aflTectlon 
ir  pulp;  and  it  is  easy  to  conceive  how  the  acid  may  be  cohducted  to  that  part 
I  capillary  dental  tubes,  whether  we  suppose  it  to  act  first  on  the  ivory  of  the 
where  it  is  uncovered,  or  to  reach  the  ivory  through  the  clefts  which  are  so  fre* 
in  the  enamel. 

idons,  cartilages,  and  bones  are  in  the  healthy  state  void  of  sensibility,  as  Haller 
)  by  numerous  experiments.  Haller's  experiments  also  seemed  to  show  that  the 
Ileum  is  insensible.  The  dura  mater,  however,  appears  to  constitute  an  exception; 
t  least  certain  that  it  is  supplied  with  nerves.  In  the  state  of  disease,  however, 
Mies,  like  the  viscera  of  the  chylopoetic  system  supplied  by  the  sympathetic, 
le  the  seat  of  severe  pain.f 

B  sensibility  of  the  muscles  is  much  less  than  that  of  the  skin,  a  fact  which  is 
)t  in  the  operation  of  acupuncture.  The  skin  itself  varies  very  much  in  different 
in  the  degree  of  its  sensibility,  which  is  probably  proportionate  to  the  number  of 
us  fibres  distributed  in  it.  An  account  of  Professor  B.  H.  Weber^s  observations 
re  to  this  subject  has  been  given  at  page  546.  At  the  same  parts  of  the  surface, 
s  two  small  bodies  applied  at  a  very  little  distance  from  each  other  were  recog* 
as  separate  bodies,  the  differences  of  temperature,  and  the  weight  of  bodies 
sd,  were  also,  according  to  Professor  Weber's  observations,  most  accurately 
nised.  The  weight  of  bodies  produced  a  greater  impression  at  these  parts; 
y  placed  upon  the  volar  surface  of  a  finger  seemed  heavier,  its  pressure  was 
ivi^  with  greater  intensity,  than  when  it  was  laid  upon  the  skin  of  the 
Bad. 

fie  sensibility  of  the  mucous  membranes  is  very  great  in  the  respira- 
apparatus,  in  the  organs  of  sense,  and  in  the  generative  organs, 
re  they  are  supplied  by  nerves  of  animal  life;  while  in  the  in- 
nal  canal  the  sensibility  of  the  analogous  membrane  is  very  slight 
le  normal  condition,  though  in  disease  it  may  be  exaggerated  to 
it  intensity.  The  external  and  internal  tegumentary  system  differ 
1  each  other,  moreover,  in  the  circumstance  that  the  tingling  sensa- 
,  or  "formication,*'  which  is  frequently  excited  in  the  skin  by  in- 

See  Nasse,  uber  Geschwiilste  im  Gehirn,p.  26;  and  Abercrombie,  on  Diseases  of 
Srain,  translated  into  German  by  De  Blois.     Bonn,  1831. 

Pfir  tin  account  of  tiie  nuineroui  experiments  which  have  been  instituted  relative  to  this 
liop,  see  Hailer's  Element  Physiol,  iv.  p.  271-389. 
66 
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ternal  causes,  and  particularly  by  affections  of  the  spinal  cord,  appears 
to  be  never  felt  in  the  mucous  membranes. 

Various  modifications  of  common  sensation. — The  sensations  of  Ibe 
common  sensitive  nerves  have  as  peculiar  a  character  as  those  of  any 
other  organ  of  sense.  The  sense  of  touch  renders  us  conscious  of  the 
presence  of  a  stimulus,  from  the  slightest  to  the  most  intense  degree  of 
its  action,  neither  by  sound,  nor  by  light,  nor  by  colour,  but  by  that 
indescribable  something  which  we  call  feeling,  or  common  sensation, 
the  modifications  of  which  often  depend  on  the  extent  of  the  parts 
affected.  The  sensation  of  pricking,  for  example,  informs  us  that  the 
aensitive  particles  are  intensely  affected  in  a  small  extent;  the  sensation 
of  pressure  indicates  a  slighter  affection  of  the  parts  in  a  greater  extent, 
and  to  a  greater  depth.  It  is  by  the  depth  to  which  the  parts  are 
affected,  that  the  feeling  of  pressure  is  distinguished  from  that  of  mere 
contact. 

The  sensation  of  a  blow  or  shock  arises  from  a  sudden  change  being 
produced  in  the  state  of  the  nerves  by  au  external  or  internal  influence,— 
namely,  by  the  mechanical  influence  of  a  solid  body,  or  by  an  electric 
discharge.  A  sudden  discharge  of  nervous  principle  from  the  brain  also, 
as  at  the  moment  of  fright,  is  sometimes  productive  of  the  sensation  of 
a  shock  or  blow.  The  peculiarity  of  this  sensation,  therefore,  depends 
in  no  way  upon  the  mechanical  action  of  the  foreign  body. 

In  some  other  senses,  a  rapid  succession  of  impulses  produces  pecu- 
liar sensations,  which  vary  in  their  quality  according  to  the  number  of 
the  impulses  communicated  to  the  nerve  within  a  given  time, — such,  at 
least,  is  the  case  with  the  sense  of  hearing,  and,  perhaps,  also  with  inat 
of  vision, — while  on  the  senses  of  taste  and  smell  this  mode  of  excite- 
ment hsts  no  such  effect.    How  is  it  with  the  sense  of  touch? 

A  rapid  saccession  of  eqaal  impalses,  such  as  produces  the  sensation  of  soand  in 
the  organ  of  hearing,  is  felt  by  the  ner?e8  of  touch  as  a  thrill  or  tremor.  If  the  iin- 
pression  of  the  vibrations  be  more  intense,  and  the  part  which  is  the  seat  of  it  very 
sensible, — such  as  the  surface  of  the  lips,— it  may  give  rise  to  the  sensation  of  tick- 
ling; this  sensation  is  produced,  for  example,  by  bringing  a  vibrating  tuning-fork  very 
close  to  the  lips;  it  is  also  very  readily  excited  in  the  tongue.  It  might  be  imagined 
that  the  sensation  of  tickling  when  arising  from  other  causes — such  as  the  slight  con- 
tact of  another  body,  and  the  sensation  of  sensual  pleasure  so  nearly  allied  to  it,  are 
both  dependent  on  vibrations  of  the  nervous  principle  itself  with  a  determinate  rapidity 
within  the  nerves.  The  sensation  of  tickling,  or  the  allied  pleasurable  sensations,  may 
be  produced  in  all  parts  endowed  with  common  sensibility;  but  they  are  experienced 
with  greatest  intensity  in  the  generative  organs;  less  strongly  in  the  female  breast,  in 
the  lips,  in  the  skin  generally,  and  in  the  muscles. 

The  sensation  of  pain  seems  to  depend  on  the  violence  with  which 
the  nerves  of  touch  are  irritated. 

The  feelings  of  warmth  and  cold  are  most  frequently  caused  by 
changes  produced  in  the  condition  of  the  organised  tissues  by  the  im- 
ponderable physical  agent,  caloric;  but  they  are  frequently  present 
when  no  variation  of  temperature  can  be  detected  by  the  thermometer, 
being  then  produced  by  some  internal  change  in  the  condition  of  the 
nerves.  Moreover,  the  sudden  sensation  of  very  great  cold,  and  that  of 
burning  heat,  appear  to  be  very  similar. 

In  comparing  the  temperature  of  different  media  by  means  of  the 
eense  of  feeling,  the  degree  of  capability  of  the  media  for  conducting 
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ic  mnst  be  taken  into  consideration.  The  same  heat  acts  with 
i  greater  intensity  upon  our  skin,  and  produces  the  sensation  of 
i  greater  warmth,  when  the  medium  by  which  it  is  communicated 
r  sense  is  water,  than  when  it  is  air.  Cold  water  also  feels  much 
r  to  us  than  air  of  the  same  temperature,  because  cold  water  con- 
I  away  the  caloric  of  our  body  more  rapidly. 
ciprocal  influence  of  the  mind  and  the  sense  of  touch, — When 
ctivity  of  the  sensorium  is  directed  to  a  sensation,  it  is  perceived; 
3,  if  the  mind  does  not  thus  co-operate,  the  organic  conditions  for 
lensation  may  be  fulfilled,  but  it  remains  unperceived.  The  dis- 
less  and  intensity  of  a  sensation  in  the  nerves  of  touch,  or  common 
bility,  depends  on  the  mind's  co-operating  for  its  perception.  A. 
ful  sensation  becomes  more  intolerable  the  more  the  attention  is 
ted  to  it.  A  sensation  in  itself  inconsiderable,  as  an  itching  in  a 
small  spot  of  the  skin,  is  thus  rendered  very  troublesome  and  en- 
ig.  When  a  person  speaking  to  us  spirts  particles  of  saliva  in  our 
ly  the  idea  attached  to  the  saliva  causes  the  sensation  it  produces  to 
luch  increased  in  tensity  and  duration. 

'the  co-operation  of  the  mind,  and  the  application  of  experience  previonsly 
d,  we  attain  the  faculty  of  referring  sensations  at  one  time  to  our  own  body,  and 
)ther  to  external  objects.  Strictly  speaking,  we  can  feel  only  the  present  condi- 
)f  our  nerves,  whether  this  condition  be  excited  by  internal  or  external  causes* 
1  we  apply  our  hand  to  an  external  object,  we  do  not  feel  the  object  itself,  but 
the  hand  which  touches  it;  the  mind,  however,  having  already  a  conception  of 
eternal  body,  refers  the  sensation  to  it,  and  we  say  that  we  feel  it.  We  have  ez- 
mI,  at  page  716,  how  the  idea  of  external  objects,  as  distinguished  from  oar 
tody,  is  nrst  obtained.  The  ideas  which  we  obtain  of  different  objects  by  the 
have  their  source  in  the  knowledge  of  the  natural  relation  of  the  different  parts 
r  body  which  is  implanted  in  our  sensorium;  a  faculty  which  is  rendered  more 
and  accurate  by  the  exercise  of  the  sense  of  touch,  and  in  the  adult  attains  such 
Tee  of  development,  that,  when  our  limbs  are  out  of  their  natural  position,  if  our 
tion  is  not  directed  to  this  circumstance,  we  deduce  from  sensations  excited  ia 
the  same  ideas  that  we  should  do  had  they  their  natural  relation  to  each  other. 
te,  in  the  experiment,  mentioned  by  Aristotle,  of  rolling  a  globular  body  between 
ingers  of  one  hand  which  are  crossed  over  each  other,  the  sensation  obtained  it 
)f  two  convex  surfaces  opposed  to  each,  and  apparently  belonging  to  two  separate 
res. 

sensation  in  a  part  endowed  with  touch  appears  to  the  sensorium  to  be,  csetertB 
•tttt  more  intense  when  it  is  excited  in  a  large  extent  of  surface  than  when  it  it 
Bed  to  a  small  space.  The  temperature  of  water,  into  which  he  dipped  his  whole 
,  appeared  to  Professor  Weber  to  be  warmer  than  water  of  really  higher  tempera- 
in  which  he  had  immersed  only  one  finger  of  the  other  hand.  Similar  observap 
may  be  made  by  persons  bathing  in  warm  or  cold  water. 

\  every  sensation  is  attended  with  an  idea,  and  leaves  behind  it  an  idea  in  the 
1  which  can  be  reproduced  at  will,  we  are  enabled  to  compare  the  idea  of  a  past 
ition  with  another  sensation  really  present.  Thus  we  can  compare  the  weight  of 
^ody  with  another  which  we  have  previously  felt,  of  which  the  idea  is  retained  in 
mind.  Professor  E.  H.  Weber  was,  indeed,  able  to  distinguish  in  this  manner 
een  temperatures  experienced  one  after  the  other  better  than  between  temperatures 
hich  the  two  hands  were  simultaneously  subjected.  This  power  of  compalring 
mt  with  past  sensations  diminishes,  however,  in  proportion  to  the  time  which  hat 
led  between  them. 

knsations  connected  with  muscular  motion. — The  muscles  are 
owed  with  a  certain  degree  of  sensibility,  and,  in  spasmodic  affec- 
18  of  their  nerves,  become  the  seat  of  intense  sensations.    These  sen- 
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iations  are  not,  however,  always  proportionate  to  the  degree  of  the 
muscular  contraction;  which  renders  it  probable  that  the  motion  and 
sensation  of  the  muscles  are  not  due  to  the  same  nervous  fibres.  Thus, 
for  example,  the  sensation  of  cramp  in  the  muscles  of  th^  calf  may  be 
very  severe,  though  the  extent  of  muscular  motion  attending  it  is  very 
slight.  The  same  circumstance  is  sometimes  observed  in  cramp  of  the 
digastric  muscle  of  the  lower  jaw,  which,  when  there  is  a  disposition  to 
repeated  yawning,  occasionally  follows  a  violent  movement  of  that 
kind:  the  pain  then  felt  in  the  anterior  belly  of  the  digastric  muscle  is 
often  extremely  severe,  though  the  movement  of  yawning  has  ceased, 
and  the  spasmodic  action  of  the  muscles  has  much  diminished. 

The  sensation  which  informs  us  of  the  contraction  of  muscles  enables 
QS  to  estimate  the  degree  of  force  exerted  in  resisting  pressure  or  in 
raising  weights.  The  perception  of  weight  is  more  accurate  than  that 
of  mere  pressure,  according  to  Professor  Weber,  who  states  that  a  dif- 
ference between  two  weights  may  be  detected  when  one  is  only  one- 
twentieth  or  one-fifteenth  less  than  the  other.  It  is  not  the  absolute, 
but  the  relative  amount  of  the  difierence  of  weight  which  we  have  thus 
the  faculty  of  perceiving. 

It  is  not,  however,  certain  that  our  idea  of  the  amount  of  muscular 
force  used  is  derived  solely  from  sensation  in  the  muscles.  We  have  the 
.power  of  estimating  very  accurately  beforehand,  and  of  regulating,  the 
amount  of  nervous  influence  which  it  is  necessary  to  emit  from  the  brain 
for  the  production  of  a  certain  degree  of  movement.  When  we  raise  a 
vessel,  with  the  contents  of  which  we  are  not  acquainted,  the  force  we 
employ  is  determined  by  the  idea  we  have  conceived  of  its  weight.  If 
it  should  happen  to  contain  some  very  heavy  substance,  as  quicksilver", 
Hre  shall  probably  let  it  fall;  the  amount  of  muscular  action,  or  of  ner- 
vous energy,  which  we  had  exerted,  being  insufiicient.  The  same  thing 
occurs  sometimes  to  a  person  descending  stairs  in  the  dark;  he  makes 
the  movement  for  the  descent  of  a  step  which  does  not  exist.  It  is  pos- 
sible that  in  the  same  way  the  idea  of  weight  and  pressure  in  raising 
bodies,  or  in  resisting  forces,  may  in  part  arise  from  a  consciousness  of 
the  amount  of  nervous  energy  transmitted  from  the  brain,  rather  than 
from  a  sensation  in  the  muscles  themselves.  The  mental  conviction  of 
the  inability  longer  to  support  a  weight  must  also  be  distinguished  from 
the  actual  sensation  of  fatigue  in  the  muscles. 

So,  with  regard  to  the  ideas  derived  from  sensations  of  touch  comhined  with  niOTe- 
ments,  it  is  doubtful  how  far  the  consciousness  of  the  extent  of  muscular  movement  is 
obtained  from  sensations  in  the  muscles  themselves.  The  sensation  of  movemcDt 
attending  the  motions  of  the  hand  is  very  slight;  and  persons  who  do  not  know  that 
the  action  of  particular  muscles  is  necessary  for  the  production  of  ffiven  movements 
do  not  suspect  that  the  movement  of  the  fingers,  for  example,  depends  on  an  action  ia 
the  forearm.  The  mind  has,  nevertheless,  a  very  definite  knowledge  of  the  changes 
of  position  produced  by  movements;  and  it  is  on  this  that  the  ideas  which  it  conceives 
of  the  extension  and  form  of  a  body  are  in  great  measure  founded.  The  sensoriam 
may  possibly  derive  this  knowledge,  independently  of  sensations  in  the  muscles,  from 
the  consciousness  of  the  groups  of  nervous  fibres  to  which  it  directs  the  current  of  ner^ 
Tons  energy.  The  accuracy  with  which  the  muscular  movements  are  regulated  and 
proportioned  to  their  object,  or  the  manifestation  of  the  muscular  sense,  is  most  re- 
markable in  all  those  movements  by  which  the  equilibrium  of  our  own  body,  or  of 
other  bodies  supported  by  us,  when  the  base  of  support  is  small,  is  maintained;  and 
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1  the  preaenratioii  of  oar  balance  duringr  Tolantaryand  inyolantary  moTemenUof 
tiole  body. 

uch,  in  its  more  limited  sense,  or  the  act  of  examining  a  body  by 
)uchy  consists  merely  in  a  voluntary  employment  of  this  sense  com- 
1  with  movement,  and  stands  in  the  same  relation  to  the  sense  of 
i  or  common  sensibility,  generally,  as  the  act  of  seeking,  following, 
camining  odours  does  to  the  sense  of  smell.  Every  sensitive  part 
3  body  which  can,  by  means  of  movement,  be  brought  into  different 
ons  of  contact  with  external  bodies,  is  an  organ  of  <<  touch."  No 
part,  consequently,  has  exclusively  this  function.  The  hand  cer- 
f  is  best  adapted  for  it  by  reason  of  its  peculiarities  of  structure,^* 
ily,  its  capability  of  pronation  and  supination,  which  enables  it,  by 
novement  of  rotation,  to  examine  the  whole  circumference  of  a 
;  the  power  of  opposing  the  thumb  to  the  rest  of  the  hand,  and  the 
ve  mobility  of  the  fingers.  Other  conditions  for  the  exercise  of  the 
I  of  touch  in  great  perfection  are,  great  sensibiUty  of  the  part,  and 
tinct  perception  of  impressions  on  separate  points  of  the  sentient 
ce.  The  regular  grooving  of  the  skin  of  the  palm,  with  the  ar- 
3ment  of  the  papillae  in  regular  series,  must  increase  the  delicacy  of 
1,  inasmuch  as  the  inequalities  of  the  skin  will  more  readily  detect 
nequalities  of  the  bodies  touched,  and  are  better  adapted  forre- 
ng  distinct  impressions  from  them. 

forming  a  conception  of  the  figure  and  extent  of  a  surface,  the 

1  multiplies  the  size  of  the  hand  or  fingers  used  in  the  inquiry  by 

lumber  of  times  which  it  is  contained  in  the  surface  traversed;  and, 

^peating  this  process  with  regard  to  the  different  dimensions  of  a 

body,  acquires  a  notion  of  its  cubical  extent. 

Motions  left  after  impresnons; — modification  of  sensations  by  contrast. — ^Tho  after- 
tions  left  by  impressions  on  nerves  of  common  sensibility  or  touch  are  very  ?ivid 
arable.  As  longr  as  the  condition  into  which  the  stimulus  has  thrown  the  org^n. 
es,  the  sensation  also  remains,  though  the  exciting  cause  should  have  lon|f 
1  to  act.    Both  painful  and  pleasurable  sensations  afford  many  examples  of  this 

e  law  of  contrast,  which  we  have  shown  to  modify  the  sensations  of  vision, 
lis  here  also.  After  the  body  has  been  exposed  to  a  warm  atmosphere,  a  degree 
nperature  very  little  lower,  which  would  under  other  circumstances  be  Warm, 
ces  the  sensation  of  cold;  a  sudden  change  to  the  extent  of  a  few  degrees  from 
mer  temperature,  which  has  been  of  long  duration,  will  produce  the  sensation 
treme  cold.  Hence  the  facility  with  which  catarrhs  are  contracted  even  in  the 
est  climates.  Heat  and  cold  are  relative  terms.  A  particular  state  of  the  sen- 
organ  causes  what  would  otherwise  be  warmth  to  appear  cold.  A  diminution  in 
itensity  of  a  long-continued  pain  gives  pleasure,  even  though  the  degree  of  pain 
emains  would  in  the  healthy  state  have  seemed  intolerable. 

msalions  dependent  on  internal  causes  are  in  no  sense  more  fre- 
it  than  in  the  sense  of  touch.  All  the  sensations  of  pleasure  and 
,  of  heat  and  cold,  of  lightness  and  weight,  of  fatigue,  &c.  may  be 
luced  by  internal  causes.  Neuralgic  pains,  the  sensation  of  rigor, 
iication,  or  the  creeping  of  ants,  and  the  states  of  the  sexual  organs 
irring  during  sleep,  afford  striking  examples  of  subjective  sensa- 
I.  The  increased  force  of  the  current  of  blood  synchronous  with 
hearths  contraction  excites  sensations  in  almost  all  the  organs  of 
e;  in  the  retina  the  periodic  appearance  of  a  luminous  spectrum,  in 

66* 
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the  ear  a  periodic  buzzing  sound,  in  the  nerves  of  touch  a  feeling  of 
pulsation.  There  are  mechanical  causes  for  this  sensation  of  pulsation, 
but  it  may  be  induced  by  a  particular  condition  of  the  nerves;  thus,  it 
is  often  experienced  in  parts  to  which  the  blood  is  not  sent  with  in* 
creased  force. 

The  mind  also  has  a  remarkable  power  of  exciting  sensations  in  the  nerves  of 
eommon  sensibility;  Jast  as  the  thoa^nt  of  the  naaseons  excites  sometimes  the  sensa- 
tion of  nansea,  so  the  idea  of  pain  gives  rise  to  the  actual  sensation  of  pain  in  a  pait 
piedisposed  to  it.  The  thought  of  anything  horrid  excites  the  sensation  of  ehadder- 
ing;  the  feelings  of  ea^r  expectation,  of  pathetic  emotion,  of  enthasiasm,  excite  in 
some  persons  a  sensation  ot  *'  concentration"  at  the  top  of  the  head,  and  of  cold 
trickling  through  the  body;  fright  canses  sensations  to  be  felt  in  many  parts  of  the 
body;  and  even  the  thoucfht  of  tickling  excites  that  sensation  in  indiTidoals  very 
sasoeptibie  of  it,  when  they  are  threatened  with  it  by  the  movements  of  another 
person. 

These  sensations  from  internal  canses  are  most  freqaent  in  persons  of  excitable 
nervous  systems,  such  as  the  hypochondriacal  and  the  hysterical,  of  whom  it  is  nsnal 
to  Bvj  that  their  pains  are  imaginary.  If  by  this  is  meant  that  their  pains  exist  in 
their  imagination  merely,  it  is  certamly  quite  incorrect.  Pain  is  never  imaginary  in 
this  sense;  but  is  as  truly  pain  when  arising  from  internal  as  when  from  external 
causes;  the  idea  of  pain  only  can  be  unattended  with  sensation,  but  of  the  mere  idea 
no  one  will  complain.  Still,  it  is  quite  certain  that  the  imagination  can  render  pain 
that  already  exists  more  intense,  and  can  excite  it  when  there  is  a  disposition  to  it. 

The  sympathies  of  the  sense  of  touch  with  the  other  senses,  and  with 
muscular  movements,  are  dependent  on  reflex  nervous  action;  they  have 
been  discussed  in  the  Chapter  on  Nervous  Reflexions  in  the  Book  on 
the  Physiology  of  the  Nerves,  where  the  sympathy  between  the  secre- 
tions and  sensitive  impressions  has  also  been  considered. 
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SECTION  I. 
OF  THS   NATUaS   Of   THB   MIND   OEITERALLT   C0N8IDXRSD. 

CHAPTER  I. 
Of  the  relation  of  the  mind  to  organisation  and  matter. 

In  the  introductory  portion  of  this  work,  which  treated  of  general 
physiology,  a  comparison  was  drawn  between  an  independent  or- 
ganised body  or  organism,  and  a  piece  of  mechanism,  the  component 
parts  of  which  are  combined  for  the  fulfilment  of  a  determinate  purpose,, 
and  ^depend  for  their  individual  action  on  the  harmony  of  the  whole. 
In  this  comparison  we  met  with  more  points  of  dissimilarity  than  of 
resemblance.  The  organism  and  the  piece  of  artificial  mechanism  re- 
semble each  other  in  the  well-adapted  combination  of  their  several  parts 
for  the  production  of  a  general  result;  but  the  organic  body  is  distin- 
guished by  the 'power  of  reproducing  the  mechanism  of  its  own  organs, 
m  the  form  of  germ,  and  of  thus  propagating  itself.  Again,  not  merely 
does  the  action  of  organic  bodies  depend  on  the  harmony  of  their  com- 
ponent organs,  but  this  harmony  itself  is  an  action  of  the  organism; 
while  the  cause  to  which  each  part  of  the  organised  system  owes  its 
state  and  properties  resides  not  in  itself,  but  in  the  cause  which  pro- 
duces and  maintains  the  whole.  A  piece  of  mechanism  is  formed  in 
accordance  with  an  idea  held  in  view  by  the  artificer,  this  idea  being 
the  purpose  for  wiiich  it  is  intended.  An  <<  idea"  also  regulates  the 
structure  of  every  organism,  and  of  each  of  its  component  organs.  In 
the  former  case,  however,  the  ruling  idea  exists  external  to  the  artificial 
mechanism,  namely,  in  the  mind  of  the  artificer;  while  the  idea,  which 
is  the  cause  of  the  harmony  of  organic  bodies,  is  in  action  in  the  or- 
ganism itself,  exerting  in  it  a  formative  power  unconsciously,  and  la 
obedience  to  determinate  laws. 

The  cause  which  produces  an  organism  being  constrained  to  work 
out  a  predetermined  plan,  or  pre-existent  idea,  necessarily  maintains 
the  form  and  endowments  of  one  organism  distinct  from  those  of  an- 
other, which  is  constructed  according  to  a  different  idea.  But,  although 
this  is  the  case,  yet  the  different  organic  forms  are  connected  by  a 
more  general  principle  of  construction,  which  arranges  them  in  classes, 
orders,  families,  genera,  and  species.  The  genus  exists  only  in  the 
different  species  which  are  quite  independent  of  each  other,  and  not  as 
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a  distinct  organism  producing  these  species.  Everywhere  in  the 
animal,  as  well  as  in  the  vegetable  kingdom,  we  see  manifested  a  per- 
fect unity  in  the  general  plan,  together  with  all  logical  modifications 
in  the  realisation  of  it:  yet  each  of  the  various  species  which  constitute 
|a  genus,  cannot  depart  from  its  own  specific  type  of  structure  and 
Imode  of  action;  so  that  the  species  ceases  to  exist  as  soon  as  all  living 
individuals  belonging  to  it  and  their  germs  have  perished.  Except  ia 
this  sense,  the  species  is  immortal;  since  the  vital  force  or  principle 
which  creates  and  maintains  its  organisation  is  successively  imparted 
by  the  perishing,  parent  organisms,  to  the  new  beings  which  they 
produce. 

"^  The  action  of  the  vital  principle  which  forms  organic  beings  in  con- 
formity with  determinate  ideas,  is  known  to  us  only  by  its  effects  in 
organic  beings. '  If  organic  forms  were  produced  spontaneously  and 
independently  of  organisms  already  existing,  we  should  have  the  phe- 
nomenon of  a  vital  force  operating  in  conformity  with  determinate 
ideas,  elsewhere  than  in  living  organic  beings.  But  the  doctrine  of  the 
generatio  sequivoca  is  constantly  losing  ground  before  the  advances  of 
strict  investigation,  and  preserves  merely  the  form  of  an  hypothesis  alike 
destitute  of  proof  and  incapable  of  demonstration. 

It  is  in  no  way  nrobable  that  the  Tital  principle  which  prod  aces  the  definite  eom- 
poand  stractare  or  an  or^nism  is  itself  a  compound  of  distinct  parts;  and  the  same 
may  be  said  of  the  sentient  mental  principle  of  animals.  That  which  owes  its  in- 
tegrity to  its  compound  structure,  must  be  rendered  imperfect  by  division;  but  the 
organising  principle  of  a  plant  or  animal  may  be  divided  at  the  same  time  with  the 
plant  or  animal  in  which  it  resides,  and  yet  retain  all  its  organising  power.  Thus 
the  parts  of  a  divided  polype  or  planaria  become,  or  are  from  the  moment  of  their  divi- 
sion, independent  organic  beings  endowed  with  the  power  of  producing  the  proper 
organisation  of  their  species.  So  it  is  likewise  with  the  sentient  and  thinking 
principle  of  animals;  if  indeed  that  principle  is  distinct  from  the  vital  principle.  It 
cannot  be  a  compound  of  different  parts;  for  if  it  were,  the  division  of  an  animal 
woald  necessarily  destroy  its  integrity;  and  we  know  that  an  animal  may  be  divided, 
and  yet  the  mental  principle  in  each  portion  remain  perfect,  manifesting  sensation, 
Tolition,  and  desires.  Whatever  is  true  with  re|rard  to  the  mental  principle  of  other 
animals,  may  be  predicated  of  the  mind  of  man;  for  everything  which  feels  and  moves 
voluntarily  in  accordance  with  its  desires,  is  endowed  with  a  mind.  Such,  indeed, 
was  the  remark  of  Aristotle,  who,  in  his  Essay  on  the  Mind,  says:  **  As  soon  as  they 
feel,  they  must  have  thoughts  and  desires;  for  where  there  is  sensation,  there  must  be 
pain  and  pleasure;  and  where  these  exist,  desires  must  exist  likewise.'* 

The  vital  principle  and  the  mind  or  mental  principle  of  animals  resemble  each  other, 
therefore,  in  this  respect:  they  exist  throughout  the  mass  of  the  organism  which  they 
animate;  but,  unlike  it,  are  not  composed  of  separate  parts,  and  when  divided  toge- 
ther with  the  organism,  do  not  suffer  any  diminution  or  change  of  their  powers. 

In  a  former  part  of  this  work,  it  has  been  proved  that  the  vital  principle  has  not  its 
special  seat  in  any  other  organ.  The  facts  adduced  in  support  of  this  position  were  the 
following: — First,  the  presence  and  activity  of  the  vital  principle  in  the  germ  before 
any  organs  are  developed,  and  in  anencephalous  and  acephalous  monsters;  secondly, 
the  persistence  of  life  in  separated  fragments  of  animals  and  plants,  and  the  development 
of  these  fragments  into  perfect  organisms;  and,  lastly,  the  phenomenon  of  the  spontane- 
ous organisation  of  the  germ  of  the  higher  animals  and  man  after  its  separation  from 
the  parent  system.  The  separation  of  the  germ  from  the  parent  is  an  instance  of  true 
division  of  an  organism;  the  part  separated  in  this  case  merely  differing  from  the 
sprout  cut  from  a  plant,  or  the  fragment  of  a  divided  animal  in  its  possessing  only  the 
organising  power,  but  not  the  already  organised  structure.  The  same  force  is  in  action 
in  both  cases.  The  circumstance  of  the  stimulus  to  organisation  being  afforded  to 
the  germ  by  fructification,  and  the  existence  of  distinct  male  and  female  sexes,  are 
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not  Talid  objeetiont  to  this  proposition;  sinoe  the  inflaenee  of  a  fructifying  matter  it 
not  necessary  for  the  preservation  of  life  in  parts  already  organised  when  they  are 
separated  from  the  parent  system;  and  even  the  dualism  of'^the  sexes  may  be  reduced 
to  a  mere  dualism  of  the  sexual  organs  in  one  individual,  as  we  see  exemplified  in 
plants  and  hermaphrodite  animals,  some  of  which  latter  are  capable  of  self-impregna- 
tion. 

It  was  also  shown  at  the  same  time  that  the  mental  principle,  or 
cause  of  the  mental  phenomena,  viz.  the  conception  of  ideas,  thought, 
&c.  cannot  be  confined  to  the  brain;  but  that  it  exists,  though  in  a  latent 
state,  in  every  part  of  the  organism.  In  proof  of  this  was  adduced  the 
manifestation  of  mind,  by  sensations,  volition,  and  desires,  in  new 
animals,  developed  from  the  germ  and  semen,  from  the  buds  of  animals 
propagating  by  germination,  or  from  the  separated  portions  of  those 
which  divide  spontaneously,  as  soon  as  the  organs  necessary  for  mental 
action  are  formed. 

At  the  same  time,  however,  a  difierence  between  the  vital  and  the 
mental  principle  was  pointed  out  in  the  dependence  of  the  latter  for  its 
manifestation,  as  a  conscious  mind,  on  one  organ — the  brain.  The 
mental  principle  exists  only  in  a  potential  state  in  the  germ,  and  is 
totally  unable  to  manifest  itself  by  perception,  will,  ideas,  or  thought, 
until  the  whole  organisation  of  the  brain  is  perfected  by  the  plastic  vital 
force. 

The  development  of  the  germ  is  dependent  on  certain  external  con- 
ditions. The  vital  principle  resident  in  it  is  unable  to  effect  the  organisa- 
tion of  its  component  matter  until  this  matter  is  exposed  to  certain 
external  influences,  such  as  warmth  and  air.  Without  these  aids  the 
germ  cannot  assimilate  the  surrounding  nutriment,  owing  to  the  unfit- 
ness of  the  latter  to  combine  with  the  substance  of  the  germ,  so  as  to 
preserve  its  necessary  chemical  properties  and  composition.  The  vital 
principle,  therefore,  n^ay  itself  exist  in  a  latent  or  merely  potential  state 
m  the  germ,  just  as  the  mental  principle  has  that  condition  in  all  parts 
of  the  fully  developed  organism  except  the  brain.  From  these  latter 
remarks,  we  may  clearly  infer  the  points  of  dissimilarity,  as  well  as 
those  of  agreement,  between  the  vital  principle  and  the  sentient  mental 
principle.  Both  are  simple,  not  composed  of  dissimilar  parts,  and 
therefore  are  divisible,  together  with  the  organic  substance  which  they 
animate;  and  both  are  capable  of  existing  in  a  latent  state.  But  the 
vital  principle  requires  for  the  manifestation  of  its  organising  powers 
only  the  chemical  co-operation  of  certain  external  influences;  while  for 
the  action  of  the  conscious  mind  the  presence  of  matter  already  orga- 
nised with  the  structure  of  the  brain  is  essential. 

The  fferm  and  young  animal  are  not  distinguished  from  the  fully  developed  organism 
merely  oy  the  imperfection  of  their  organisation,  and  the  smaller  size  of  those  organs 
which  are  developed  in  the  young  animal.    A  more  essential  difference  between  the 

germ  and  the  organism  in  which  the  whole  structure  is  perfected,  and  which  is  capa- 
le  of  generation  and  of  producing  offspring,  consists  in  the  latter  being  a  multiple 
of  the  germ.*^  Hence  only  can  we  explain  the  fact  that  a  part  of  the  fully  organised 
or  **  multiple"  animal  may  separate  itself  and  become  a  new  animal,  while  tne  rest 
of  the  parent  organism  loses  nothing  of  its  power  of  further  organisation. 

The  development  of  the  multiples  of  the  germ  by  the  process  of  growth  will,  in 
the  Section  on  Generation,  be  demonstrated  to  take  place  both  in  plants  and  in  the 
Coralline  Polypifera,  Naides,  Vorticellins  Polygastrica,  Planaric,  and  Hydre.  Here 
we  shall  see  the  multiplication  of  the  original  organism  manifested  by  the  formation 
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of  bads,  and  by  spontaneons  division,  while  the  mnltiple  character  of  some  others 
will  be  rendered  evident  by  the  persistence  of  life  in  portions  separated  by  artificisl 
division.  ' 

The  portions  of  a  divided  Hydra  have  not  at  first  the  whole  stractare  of  a  perfect 
animal,  but  they  soon  develope  that  stractare  within  themselves.  This  fact  shows  ns 
that  the  multiplication  of  an  individual  does  not  necessarily  consist  in  the  increase  of 
analogous  forms  with  analogous  endowments,  but  may  take  place  only  virtoally,  ia 
sach  a  way  that  the  forms  produced  are  unlike  the  original,  though  their  virtoal  en- 
dowments are  the  same.  And  thus  we  are  led  to  understand  the  process  subsisting 
in  the  higher  animals,  which,  though  capable  neither  of  propagation  by  spontaneoas 
division,  nor  of  living  after  artificial  division,  yet  are  virtually  a  multiple  of  the  germ 
from  which  they  were  developed.  Here  a  part  of  the  multiple  animal  can  separate 
from  the  rest  in  a  state  capable  of  continued  life  and  development  only  when  it  has 
become  isolated  in  the  form  of  an  undeveloped  germ.  Now,  in  all  the  modes  of 
propagation  to  which  we  have  alluded,  those  of  spontaneous  or  artificial  division, 
germination,  and  sexual  generation,  both  the  vital  principle  and  the  mental  principle, 
as  we  have  before  shown,  undergo  division. 

The  questions  next  present  themselves,  how  is  it  possible  for  the 
growth  of  an  organic  being  to  cause  a  multiplication  of  its  organising 
force?  and  how  is  the  divisibility  of  the  mental  principle  acquired  at  the 
same  time,  to  be  explained  or  understood?  Is  it  a  peculiarity  belonging 
to  the  nature  of  the  vital  principle,  and  also  of  the  mental  principle,  as 
a  potential  essence,  that  their  extension  through  a  large  mass  of  matter, 
and  their  subdivision,  is  incapable  of  diminishing  their  intensity?  or 
does  the  mere  assimilation  of  new  matter  by  a  growing  organism  give 
rise  to  an  increase  of  those  principles,  in  consequence  of  their  being 
contained  in  the  nutritive  matter  itself  in  a  latent  state,  though  they  are 
incapable  of  manifesting  themselves  until  the  matter  is  assimilated  by 
an  organic  body? 

The  supposition  last  proposed  necessarily  involves  a  second,  namely, 
that  the  principles  of  life  and  mind  exist  in  a  latent  state  in  all  matter; 
for  although  animals  are  capable  of  assimilating  merely  vegetable  mat- 
ters, plants,  on  the  other  hand,  increase  their  substance  from  inorganic 
materials:  indeed,  unless  there  were  such  a  new  formation  of  organic 
matter  from  the  inorganic  elements,  organic  beings  must  at  length 
perish,  owing  to  the  great  destruction  of  organic  substances  by  putre- 
faction and  combustion.(6r) 


CHAPTER  IL 

PHENOMENA  RESULTING  FROM  THE  ACTION  OP  THE  MIND  AND  BODY 

ON  EACH  OTHER. 

So  soon  as  the  structure  of  the  brain  is  developed,  and  the  action  of 
the  senses  commences,  ideas  or  mental  actions  also  arise;  and,  just  as 
light  may  be  developed  in  an  inorganic  body,  by  a  mechanical  shock 
and  change  in  its  physical  condition,  in  the  same  way  chaages  in  the 
action  of  the  mind  may  be  produced  by  changes  impressed  oa  the 

(o)  The  author  now  begins  a  course  of  avowedly  hypothetical  speculations  on 
"  Oamological  Sys/c/rw,"  which,  however  agreeable  to  my  own  tastes,  are  not,  in  their 
present  conneciion,  adapted  to  benefit  the  student  of  Physiology,  and  they  are,  there- 
fore, omitted  here. 
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oi^nisation  of  the  brain  or  on  the  matter  which  enters  into  its  structure. 
On  the  other  hand  the  operations  of  the  mind,  with  which  the  organisa* 
tion  of  the  brain  keeps,  as  it  were,  equal  pace,  induce  changes  in  the 
structure  and  component  matter  of  that  organ,  and  of  all  other  parts  of 
the  body  which  are  under  its  influence.  The  idests  and  thougl)ts  are 
not  themselves  composed  of  parts,  but  they  are  developed  in  matter 
which  has  organisation  and  parts,  and  the  distinctness  of  the  conceptions 
18  entirely  dependent  on  the  condition  of  this  divisible  matter. 

Hence  we  may  infer  that,  whatever  changes  the  mind  produces  in 
the  organism  generally,  are  effected  through  the  medium  of  the  brain-«- 
the  organ  in  which  alone  the  mental  force,  elsewhere  latent,  is  manifest, 
and  from  which  its  influence  radiates,  as  from  a  centre,  to  all  other 
parts  of  the  body.  Every  organ,  also,  by  virtue  of  its  power  of  acting 
on  the  brain  itself  through  the  medium  of  its  nerves  and  of  the  blood 
circulating  through  the  whole  organism,  must  have  an  influence  u^on 
the  ideas  and  upon  the  power  of  mental  conception.  '  This' Trifluence  -•-'.v* 
may  be  either  exciting  or  depressing,  so  that  the  power  of  the  mind  to  '  — 
conceive  ideas  may  be  either  increased  or  impeded.  The  impressions  '  ^-  --.- 
communicated  from  different  organs  of  the  body  to  the  brain  can,  of 
course,  produce  no  other  distinct  ideas  than  those  of  the  sensations,  and 
the  peculiar  import  of  these  sensations.  But  since  local  changes  of  par- 
ticular organs  may  produce  the  sensations  of  pleasure  or  suffering,  or  of 
the  tendency  of  the  organ  to  its  specific  function,  and  may  thereby 
excite  the  ideas  of  the  expansion  and  restriction  of  self  and  of  desire, 
which  are  associated  with  those  sensations,  it  is  evident  that  the  disposi- 
tion to  a  state  of  emotion  may  be  kept  up  by  the  state  of  other  organs 
than  the  brain. 

1.  Influence  of  states  of  the  body  upon  the  intellect  and  emotions. 
—The  excitement  of  certain  organic  states  of  the  brain,  by  the  bright 
scarlet  aerated  blood,  is  a  necessary  condition  for  the  action  of  the  mind. 
Hence  the  abstraction  of  blood  in  large  quantity  produces  syncope  and 
loss  of  consciousness.  Even  the  quality  of  the  blood,  however,  exerts 
an  influence  on  the  intellectual  operations.  The  most  common  instance 
of  an  influence  exerted  on  the  mental  faculties  by  a  cause  of  this  kind, 
is  afforded  in  the  effects  of  digestion.  The  digestion  of  food  introduces 
a  quantity  of  imperfectly  assimilated  matter  into  the  circulation.  Until 
this  new  material  hsts  undergone  the  necessary  changes,  and  while  cer- 
tain matters,  altogether  unfit  for  nutrition,  are  mingled  with  it,  it  is  not 
adapted  to  excite  those  states  of  the  brain  which  are  necessary  for  the 
proper  manifestation  of  mind,  and  as  it  is  conveyed  to  that  organ  by 
the  circulating  blood,  it  produces  an  injurious  change  in  it,  and  impedes 
or  disturbs  the  mental  functions.  Hence  the  indisposition  to  mental 
labour  experienced  by  some  persons  after  meals.  This  disturbance  of 
the  intellectual  operations  is  still  more  evident,  as  the  result  of  the  mate- 
rial changes  produced  by  the  alterantia  nervina  (spirituous  liquids  and 
narcotics).  Some  <<secreta''  and  <<excreta,"  as  bile  and  urea,  are  equally 
unfitted  for  producing  the  natural  organic  states  of  the  brain.  The 
former  substance  being  absorbed  into  the  blood,  produces  not  only  indis- 
position to  the  exercise  of  the  intellect,  and  diminution  of  its  power,  but 
also  depression  of  spirits,  by  disturbing  those  organic  conditions  of  the 
brain  which  influence  the  emotionary  feelings. 
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A  second  source  of  causes  disturbing  the  action  of  the  mind,  through 
the  medium  of  changes  produced  in  the  btain,  is  found  in  those  states 
of  other  organs,  which  act  on  the  brain  through  the  medium  of  the 
nerves.  Every  part  of  the  body,  which  stands  in  the  relation  of  active 
sympathy  with  the  central  organs  of  the  nervous  system,  is  capable, 
when  itself  in  a  state  of  strong  excitement,  of  exciting  strongly  the 
brain,  and  thereby  the  mind  also;  or,  when  in  a  state  of  depressed 
action,  of  diminishing  the  activity  of  their  functions:  hence,  delirium 
and  stupor  are  effects  of  those  states  in  some  parts  of  the  body.  The 
emotions  of  the  mind  are  also  affected  in  this  way;  long  continued  dis- 
turbance, or  arrest  of  the  functions  of  important  organs,  giving  origin  to 
a  fretful,  dejected  state  of  feelings,  which  is  nothing  else  than  a  state  of 
impeded  strivings  of  the  mind.  Those  organs  which  are  engaged  ki 
effecting  chemical  changes  in  the  organic  matters  of  the  fluids,  such  as 
the  internal  viscera,  act  on  the  mind  in  two  ways,  for  they  depress  the 
power  of  action  of  the  central  organs,  not  only  through  the  mediuna  of 
nervous  connection,  but  also  by  changes  impressed  on  the  blood.  The 
effect  of  the  latter  mode  of  action  varies  in  degree,  according  to  the  kind 
of  change  produced  in  the  blood  by  the  viscera.  Hence  it  is  that  the 
abdominal  viscera  are  distinguished  above  all  others,  by  the  influence 
of  their  chronic  maladies,  in  giving  rise  to  a  long  continued  depression 
of  the  strivings  of  the  mind.* 

There  are  organs  of  the  body,  particalar  states  of  which  excite  passions  eonneetei 
with  their  functions;  sach  are  the  sexual  organs  and  the  stomach.    These  orgaat 
excite  sensations  of  particular  kinds,  and  ideas  of  things  fitted  to  restore  the  integrity 
of  self,  which  is  felt  to  be  in  an  impaired  or  restricted  state.     On  the  other  hand,  the 
idea  of  that  which  would  restore  the  integrity  of  self,  or  increase  its  power,  determines 
cunents  of  nenrous  energy  towards  the  particular  organ.     For,  as  we  have  already 
seen,  this  idea  of  a  state  which  can  be  realised  by  a  particular  organ,  excites  a  curreBt 
of  nervous  influence  towards  that  organ,  whether  it  be  a  muscle  or  a  gland.     In  this 
way  it  is  the  disposition  to  the  passion  of  love  excited  by  particular  states  of  the  sexual 
organs  or  of  the  spinal  cord,  the  medium  of  nervous  communication  between  those 
organs  and  the  brain.  '  If  both  the  sexual  organs  and  the  spinal  cord  have  a  certaia 
degree  of  tension,  the  mind  is  thrown  into  such  a  state,  as  causes  corresponding  ideas 
to  arise.    The  active  state  of  the  organs  excites  the  idea,  and  the  idea  may  produce 
that  condition  of  the  organs;  but,  unless  the  organs  are  in  a  state  of  potency,  the  ideas 
to  which  they  are  related  remain  cold,  and  do  not  influence  the  organic  conditions  aod 
actions.     Particular  kinds  of  food  also,  have  an  influence  on  particular  states  of  pas- 
sion by  their  action  on  the  corresponding  organs  of  the  body.     Lastly,  the  state  ot  the 
whole  nervous  system,  and  the  degree  of  its  excitability,  and  of  the  facility  with 
which  impressions  are  propagated  through  it,  exert  an  influence  on  the  emotions. 
For  those  persons,  in  whom  any  excitement  spreads  very  rapidly  through  the  nerves, 
and  still  more  rapidly  leaves  behind  it  a  state  of  exhaustion,  are  more  liable  than  others 
to  all  emotions  in  which  the  feeling  of  self  undergoes  a  violent  and  sudden  change  and 
depression,  such  as  fear,  anxiety,  terror,  &c.     But  they  whose  nervous  system  is  dif- 
ferently constituted,  and  is  not  exhausted  or  depressed  in  consequence  of  previous  ex- 
citement, experience  from  sudden  excitement  only  the  emotion  of  courage,  and  manifest 
persevering  eflforts  to  maintain  or  extend  the  power  of  self.   Animals  display  different 
tendencies  of  their  organic  states  and  functions,  according  as  they  are  by  nature  timid 
or  courageous.     In  man,  these  dispositions  to  particular  emotions  vary  with  the  organic 
state  of  the  body:  a  person,  gifted  with  great  coolness  and  presence  of  mind,  may  be 
80  altered,  temporarily,  by  a  particular  state  of  his  nervous  system,  as  to  be  startled  like 
a  naturally  timid  person,  by  any  sudden  occurrence;  whilst  abundant  food  and  a  glass 
of  wine  will  give  courage  to  the  faint-hearted. 

*  See  page  615,  where  the  seat  of  the  passions  is  shown  not  to  be  in  those  viscera. 
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The  operations  of  the  mind  are  affected  in  the  greatest  degree  by 
changes  in  the  organic  conditions  of  the  brain  itself,  such  as  inflam- 
mation, malformation,  and  pressure.  Every  state  of  irritation  of  the 
brain  causes  delirium;  everything  which  impedes  the  organic  actions 
in  the  brain  produces  syncope,  stupor,  or  complete  coma.  Hence  the 
most  various  structural  changes  in  the  brain,  as  tubercles,  pus,  extra- 
yasated  blood,  and  water,  give  rise  to  nearly  the  same  symptoms.  Pres- 
sure of  blood,  still  within  its  vessels,  also  produces  insensibility.  And 
the  effects  of  inanition  are,  in  this  respect,  exactly  the  same  as  those 
of  pressure. 

Structural  changes  in  the  brain  itself  are  much  more  prone  to  disturb 
the  intellectual  faculties  than  to  excite  or  depress  the  passions.  A  de- 
pressing passion  cannot  be  intense  without  the  concurrence  of  ideas,  in 
a  certain  degree  of  intensity,  which  shall  keep  up  the  passion;  but  when 
the  organic  actions  of  the  brain  are  impeded,  this  intensity  of  ideas  is 
impossible:  hence,  even  in  these  cases,  the  principal  effect  of  structural 
change  of  the  brain,  appears  to  be  impairment  of  the  intellectual  facul- 
ties. The  organic  conditions,  on  which  the  integrity  of  the  intellectual 
faculties  depends,  exist,  without  doubt,  in  the  brain  itself;  but  the  ele- 
ments which  maintain  the  emotions  or  strivings  of  self,  in  all  parts  of  the 
organism. 

2.  Influence  of  ideas  and  emotions  of  the  mind  upon  the  body. 

The  influence  of  ideas  upon  the  body  gives  rise  to  a  very  great 
variety  of  phenomena,  which  border  on  the  marvellousw  It  may  be 
stated  as  a  general  fact,  that  any  state  of  the  body,  which  is  conceived 
to  be  approaching,  and  which  is  expected  with  perfect  confidence  and 
certainly  of  its  occurrence,  will  be  very  prone  to  ensue,  as  the  mere 
result  of  that  idea,  if  it  do  not  lie  without  the  bounds  of  possibility. 
The  case  mentioned  by  Pictet,  in  his  observations  on  nitrous  oxide, 
may  be  adduced  as  an  illustration  of  such  phenomena.  A  young  lady, 
Miss  B.,  wished  to  inspire  this  intoxicating  gas;  but  in  order  to  test  the 
power  of  the  imagination,  common  atmospheric  air  was  given  to  her, 
instead  of  the  nitrous  oxyde.  She  had  scarcely  taken  two  or  three  in- 
spirations of  it,  when  she  fell  into  a  state  of  syncope,  which  she  had 
never  suffered  previously;  she  soon  recovered.*  The  influence  of  the 
ideas,  when  they  are  combined  with  a  state  of  emotion,  generally  ex- 
tends in  all  directions,  affecting  the  senses,  motions,  and  secretions.  But 
even  simple  ideas,  unattended  with  a  disturbed  state  of  the  passions,  pro- 
duce most  marked  organic  effects  in  the  body.  This  we  shall  now  pro- 
ceed to  demonstrate. 

a.  Influence  of  the  mind  upon  the  senses.  Phantasms. — Phantasms  or 
hallucinations  are  perceptions  of  sensations  in  the  organs  of  the  senses, 
dependent  on  internal  causes,  and  not  excited  by  external  objects. 
These  phenomena  have  been  repeatedly  confounded  with  mere  ideas, 
and  have  been  regarded  as  ideas  which  are  not  distinguished  from 
realities.    But  the  very  belief  in  their  reality  is  owing  to  their  being 

*  The  case  is  griven  in  the  German  translation  of  Sir  H.  Dayy's  Researches  on 
Nitrons  Oxyde  (Untersnchungen  uber  das  ozydirte  Stickgas,  2  Bd.  Lemgo.  1814,  p. 
886). 
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seated  in  the  senses,  and,  having  all  the  truthsomeness  of  real  sensa- 
tions; moreover,  this  belief  in  their  reality  is  not  an  essential  character 
./  of  such  phenomena,  fit  would  be  jan  error  of  the  understanding  to 
believe  in  the  reality  of  mere  ideas.  V But  these  phantasms  may  present 
themselves  with  all  the  distinctness  and  force  of  a  real  sensation,  with 
colour  or  with  sound,  and  yet  not  to  be  mistaken  for  real  imjiressioDS 
from  without.  The  false  views  entertained  respecting  these  pheoo- 
mena,  have  arisen  from  the  hallucinations  of  the  insane  having  been 
principally  the  subject  of  observation:  hence  I  avoid  the  use  of  the 
term  hallucination.  The  name  of  visions  is  a  more  correct  expression 
for  the  states  now  under  consideration,  when  they  affect  the  sense  of 
sight.  For  they  are  really  affections  of  that  sense,  and  have  their  seat 
as  truly  in  its  apparatus  as  any  visual  perceptions  from  external  im- 
pressions. Even  the  sensations  of  the  sense  of  sight,  excited  from 
without,  afford  us  the  opportunity  of  observing  the  influence  of  ideas 
on  the  state  of  the  retina;  since  certain  parts  of  images  acquire  an  ex- 
treme distinctness,  from  being  made  the  subject  of  more  particular  con- 
ception by  the  mind,  or,  in  orditiary  language,  from  the  attention  being 
particularly  directed  to  them. 

"Without  actual  sensations,  we  are  accustomed  to  conceiye  the  presence  of  ouUineSy 
and,  consequently,  of  forms,  in  the  dark  field  which  appears  before  the  closed  eyes. 
This  seems  to  result  from  a  few  particles  or  points  of  the  retina  becoming  the  subject 
of  conceptions.  No  illuminated  and  coloured  image  is  perceived  in  this  case.  For 
such  a  result,  it  would  be  necessary  that  the  particular  points  of  the  retina  should  be 
conceived  as  being,  not  in  the  state  of  rest,  but  in  that  or  action,  on  which  the  appear- 
ance of  light  and  colour  depends.  This  production  of  colourless  figures  in  the  field  of 
vision,  by  an  action  of  the  mind,  is,  however,  sometimes  so  perfect,  that  outlines  of 
objects  on  which  the  eyes  have  been  long  fixed,  return  with  great  distinctness.  For 
example,  the  forms  of  structures  which  have  been  attentively  examined  with  the  mi- 
croscope, suddenly  present  themselves  to  our  vision,  even  though  many  hours  have 
elapsed  since  they  were  actually  seen.  But  not  merely  outlines  of  objects  which  hare 
been  presented  to  our  sense  of  vision,  are  reproduced;  new  configurations  also  appear 
at  times,  when  external  impressions  are  excluded.  This  happens  frequently  to  chil- 
dren of  active  imagination,  when  they  are  placed  in  the  dark:  faces  and  terrific  forms 
seem  to  present  themselves  to  them  in  outline,  and  devoid  of  colour  and  light.  All 
these  phenomena  appear  to  result  from  some  kind  of  reciprocal  action,  which  takes 
place  between  the  sensorium  and  the  retina. 

The  subjective  images  of  which  we  are  speaking  have  sometimes,  however,  both 
colour  and  light;  dilTerent  particles  of  the  retina,  of  the  optic  nerve,  and  of  its  pro- 
longations to  the  brain,  being  conceived  as  existing  in  special  states  of  action.  This 
happens  rarely  in  the  state  of  health,  but  frequently  in  disease.  These  are  the  true 
phantasms  which  may  occur  to  the  sense  of  hearing  and  other  senses,  as  well  as  to 
that  of  vision.  The  process  by  which  "  phantasms**  are  produced,  is  the  reverse  of 
that  to  which  the  vision  of  actual  external  objects  is  due.  In  the  latter  case  particles 
of  the  retina  thrown  into  an  active  state  by  external  impressions,  are  conceived  in  that 
condition  by  the  sensorium;  in  the  former  case,  the  idea  in  the  sensorium  excites  the 
active  state  of  corresponding  particles  of  the  retina  or  optic  nerve.  The  action  of  the 
material  organ  of  vision,  which  has  extension  in  space,  upon  the  mind,  so  as  to  pro- 
duce the  idea  of  an  object  having  extension,  form,  and  relation  of  parts,  and  the 
action  of  such  an  idea  upon  the  organ  of  vision  so  as  to  produce  a  corresponding  sen- 
sation, are  both  equally  wonderful;  and  hence,  the  spectral  phenomena  or  visions  are 
not  more  extraordnary  than  the  ordinary  function  of  sight.  The  following  are  the 
states  of  the  body  in  which  the  above  phenomena  are  observed: — 

a.  Immediately  before  sleep,  at  the  time  of  waking,  and  when  half  awake.  Who 
has  not  observed  the  vivid  images  which  present  themselves  to  the  eye  before  sleep; 
the  light  which  sometimes  appears  to  the  closed  eyes  at  that  time;  the  forms 
times  brightly  iliuminated,  which  suddenly  present  themtelfietp  nd  ovioMlf 
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or  the  sadden  sound,  as  if  one  called  loudly  in  our  ears,  which,  in  that  state,  ia  heard 
without  any  external  cause?*  A  close  attention  to  one's  own  condition  at  the  time 
specified,  is  quite  convincing  as  to  the  phenomena  in  question  being  real  sensations, 
and  not  merely  ideas.  Any  one  who  can  watch  the  changes  which  take  place  in  him- 
self, at  the  time  when  sleep  is  coming  on,  will  sometimes  be  able  to  perceive  the 
images  distinctly  in  the  eyes.  On  waking,  too,  in  a  dark  room,  it  sometimes  happens 
that  images  of  landscapes  and  similar  objects  still  float  before  the  eyes.  Aristotle, 
(in  his  Essay  on  Dreams^  chap,  iii.)  Spinoza,  {Opera  Fosihuma,  epist.  30,)  and  still 
more  recently,  Gruithuisen,  have  made  this  observation.  I  have,  myself,  also  very 
frequently  seen  these  phantasms,  but  am  now  less  liable  to  them  than  formerly,  ft 
has  become  my  custom,  when  I  perceive  such  images,  immediately  to  open  my  eyes 
and  direct  them  upon  the  wail  or  surrounding  bodies.  The  images  are  then  still  visi* 
ble,  but  quickly  fade.  They  are  seen  whichever  way  the  head  is  turned,  but  I  have 
not  observed  that  they  moved  with  the  eyes.  The  answers  to  the  inquiries  which  I 
make  every  year,  of  the  students  attending  my  lectures,  as  to  whether  they  have  ex- 
perienced anything  of  the  kind,  have  convinred  me  that  it  is  a  phenomenon  known  to 
comparatively  few  persons.  For  among  a  hundred  students,  two  or  three  only,  and 
sometimes  only  one,  have  observed  it.  This  rarity  of  the  phenomenon  is,  however^ 
more  apparent  than  real.  I  am  satisfied  that  many  persons  would  perceive  these 
spectres,  if  they  learned  to  observe  their  sensations  at  the  proper  times.  There  are* 
however,  undoubtedly  many  individuals  to  whom  they  never  appear,  and  in  my  own 
ease  they  now  sometimes  fail  to  show  themselves  for  several  months  at  a  time,  al- 
though, in  my  youth,  they  occurred  frequently.  Jean  Paul  recommended  the  watch- 
inff  of  the  phantasms  which  appear  to  the  closed  eyes,  as  a  means  of  inducing  sleep. 

6.  The  facts  already  mentioned  prove  that  the  images  seen  in  dreams, — not  the 
mere  ideas  of  things  conceived  in  dreams, — are  phenomena  of  the  same  kind  as  the 
phantasms.  For  the  images  which  remain  before  the  eyes  when  we  awake,  are  iden- 
tical with  the  objects  perceived  in  our  d reams. f  Even  the  blind  sometimes  see  in 
their  dreams  images  of  luminous  objects.^ 

The  phenomena  hitherto  described,  may  occur  to  any  person  in  the  state  of  health. 

c.  The  diseases  in  which  the  occurrence  of  phantasms  is  frequent,  are  fever, 
nervous  irritation  of  the  brain,  phrenitis  (in  which  disease  they  remain  for  some  time 
during  convalescence),  narcotism,  insanity,  and  epilepsy.^  The  well  known  book- 
seller of  Berlin,  Nicolai,  when  sufifering  from  intermittent  fever,  saw  coloured  pic- 
tares  of  landscapes,  trees,  and  rocks,  of  half  the  natural  size,  which  appeared  to  him 
even  before  the  cold  stage  set  in,  and  resembled  frame  paintings.  If  he  kept  his 
eyes  closed,  they  underwent  constant  changes;  some  figures  disappeared,  while  new 
ones  showed  themselves.  As  soon  as  he  opened  his  eyes  the  whole  vanished.  In- 
flammation of  the  optic  nerve  is  also  attended  with  the  perception  of  luminous  phan- 
tasms. A  very  remarkable  case  was  observed  by  Lincke,  {Defungo  medullari  oculu 
Lips.  1834,)  in  which  the  extirpation  of  an  eye  was  followed  by  the  appearance  of 
luminous  figures  before  the  orbit,  as  long  as  the  infiammation  consequent  on  the  ope- 
ration endured.  In  another  case,  {Berliner  Monatsschrifl^  1800,  p.  253,)  a  female, 
who  was  stone  blind,  complained  of  having  luminous  images  with  pale  colours  before 
her  eyes.  These  cases  prove  that  the  presence  of  the  retina  is  not  a  necessary  con- 
dition for  the  production  of  such  phenomena;  but  on  the  contrary,  that  the  deeper 
seated  parts  of  the  essential  organ  of  vision  are  alone  required.  It  is  an  old  and  tre- 
quent  observation,  that  pressure,  exerted  on  the  brain,  in  persons  who  have  been  tre- 
panned, causes  them  to  see  flashes  of  light.  Rsquirol  knew  an  insane  person  who 
saw  visions,  and  in  whom,  after  death,  he  found  both  optic  nerves  in  a  state  of  atrophy 
from  the  eye  to  the  chiasma.     {Diet,  de  Scietic,  Med,     Art,  Hallucinations,) 

*  A  detailed  account  of  these  phenomena  is  given  in  Moritz  and  Pockel's  Majrazin  der 
Erfabrungsscclcnkundc,  5  b.  2  p.  88;  by  Nvissc,  in  his  Zeit<<chrifl  (llr  Anthropologic,  1825,  3. 
pb  166;  and  in  J.  MQlior  Uebcr  die  Fhantastischcn  Gettichts-crschoiniingcn.  Coblenz.  1826, 
jkSO. 

t  See  Goethe,  Vorredc  zur  Farbenlchre;  also  the  excellent  remarks  of  Gruithuiscn,  in  his 
Britrtge  znr  Physiognomic  und  Fiautognosie,  p.  236. 
'  •  I  Bee  J.  Mnllcr,op.  cit.,  and  Herman  m  Ammon*8  Monats.Kchrifl,  1838. 

iFor  an  account  of  phantasms  seen  in  the  state  of  narcotism,  consult  Sir  H.  Davy'a 
'hM.QCi  Nitrons  Oxydo.  Richerz,  in  iMuratori,  Qber  die  EiubildungskrafL  2,  ih.  Leipz. 
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In  cases  of  insanity,  phrenitis,  cerebral  irritation  and  narcotism,  the 
phantasms  are  seen  even  when  the  eyes  are  open,  and  combine  with 
the  impressions  produced  on  the  sense  of  vision  by  real  objects. 

Simple  cerebral  irritation,  in  persons  who  are  not  insane,  may  give 
rise  to  what  is  called  the  seeing  of  visions.  According  to  the  tenden- 
cies of  the  mind,  the  phantasms  seen  under  these  circumstances  will  be 
of  a  religious,  consolatory,  and  benignant  character,  or  fearful  forms  of 
living  or  dead  persons,  as  in  the  case  of  the  so  called  <<  second  sight''  of 
northern  nations.  The  vision  may  be  seen  with  the  eyes  open,  the 
images  from  internal  causes  mingling  themselves  with  those  of  real 
objects.  In  this  case,  it  may  happen  that  the  images  of  external 
objects  are  seen  through  the  phantasms  as  through  a  veil.  In  some  in- 
stances persons  see  the  forms  of  other  individuals;  in  others,  their  own 
forms.  According  to  the  degree  of  mental  culture  of  the  subject  of 
these  visions,  are  they  regarded  as  real,  or  as  the  result  of  a  disordered 
state  of  the  sensorium.  In  the  former  case  the  spectre-seer  not  only 
mistakes  his  own  condition,  but  he  is  regarded  erroneously,  both  by 
the  superstitious  and  credulous  multitude,  and  by  the  more  skeptical 
persons,  who  think  him  a  madman  or  visionary.  When  a  person  who 
is  not  insane  sees  spectres,  and  believes  them  to  be  real,  his  intellect 
must  be  imperfectly  exercised. 

We  have  instances  of  persons  seeing  spectres,  and  recognising  their 
true  nature,  in  the  case  related  by  Bonnet  and  in  Nicolai.  Bonnet 
{Jinalytische  Versuche  ilber  die  Seelenknifte,  Bremeriy  1780.  2  Th. 
p.  59)  knew  a  gentleman  gifted  with  perfect  health  of  body,  with  can- 
dour, good  judgment,  and  memory,  in  whom,  from  time  to  time,  when 
he  neither  had  recently  awoke  nor  was  inclined  to  sleep,  figures  of 
birds,  carriages,  and  buildings  appeared,  independently  of  all  external 
cause,  and  moved  before  his  eyes.  Sometimes  the  carpet  of  his  room 
seemed  all  at  once  to  change  its  pattern.  The  spectral  images,  here, 
were  as  distinct  as  real  objects.  This  gentleman,  however,  judged 
rightly  as  to  the  nature  of  the  phenomenon,  and  correcled  any  first  erro- 
neous impressions. 

Nicolai,  whose  case  is  so  frequently  quoted,  was  accustomed  to  be 
bled  twice  a  year,  and  to  have  leeches  applied  two  or  three  times 
annually  for  the  relief  of  haemorrhoids.  During  the  latter  part  of  the 
year  1790  both  these  measures  had  been  omitted,  and  it  was  early  in 
1791  that  the  spectral  illusions  first  appeared  to  him.  After  a  violent 
quarrel  and  agitation  of  mind,  he  suddenly  perceived  at  a  short  dis- 
tance ill  front  of  him,  a  form  like  that  of  a  deceased  person.  Later  in 
the  same  day  there  appeared  several  other  walking  figures,  which  con- 
tinued to  appear  for  some  days.  Nicolai  could  in  no  way  regulate  the 
appearance  of  these  phantasms  by  his  will;  he  could  not  even  deter- 
mine the  appearance  of  one  person  rather  than  another.  The  figures 
were  for  the  most  part  those  of  strangers.  They  appeared  both  by 
day  and  night,  and  presented  the  dillcreiit  colours  of  the  flesh  and 
dresses,  though  the  colours  were  paler  than  in  natural  objects.  After 
the  lapse  of  four  weeks,  during  all  which  time  Nicolai  continued  to 
walk  abroad,  the  phantasms  began  to  talk.  At  the  end  of  about  two 
months  leeches  were  applied  to  the  anus,  and  on  the  very  same  day 
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the  phantasms  began  to  fade  and  to  move  more  slowly.  At  length  they 
seemed  to  dissolve  away,  leaving  fragments  visible  for  a  considerable 
time.*  It  is  very  rarely  that  the  power  is  possessed  of  producing  at 
will,  in  the  form  of  phantasms,  while  the  eyes  are  closed,  images  of  the 
objects  conceived  as  ideas  in  our  minds.  The  cases  of  Cardanus, 
Groethe,  and  a  few  others  mentioned  in  my  essay  already  referred  to, 
are  instances  of  this  power.  Goethe  in  his  tract  "Zur  Morphologie 
und  Wissenschaft,'*  says,  "when  I  closed  my  eyes  and  depressed  my 
head,  I  could  cause  the  image  of  a  flower  to  appear  in  the  middle  of 
the  field  of  vision;  this  flower  did  not  for  a  moment  retain  its  first  form, 
but  unfolded  itself,  and  developed  from  its  interior  new  flowers,  formed 
of  coloured  or  sometimes  green  leaves.  These  were  not  natural  flowers, 
but  of  fantastic  forms,  although  symmetrical  as  the  rosettes  of  sculptors. 
I  was  unable  to  fix  any  one  form,  but  the  development  of  new  flowers 
continued  as  long  as  I  desired  it,  without  any  variation  in  the  rapidity 
of  the  changes.  The  same  thing  occurred  when  I  figured  to  myself  a 
variegated  disk.  The  coloured  figures  upon  it  underwent  constant 
changes,  which  extended  progressively,  from  the  centre  towards  the 
periphery,  exactly  like  the  changes  in  the  modern  kaleidoskope.''  • 

In  the  year  1828, 1  had  the  opportunity  of  conversing  with  Goethe  upon  this  subject, 
in  which  we  were  both  much  interested.  He  knew  that  I  frequently  saw  different 
figures  in  the  field  of  vision,  when  I  lay  quietly  down  to  sleep,  with  my  eyes  closed* 
but  before  sleep  had  actually  come  on;  and  he  was  very  desirous  of  learning  what  forms 
these  images  took  in  my  case.  I  explained  to  him  that  I  had  no  voluntary  power  over 
either  the  production  of  these  images  or  their  changes  of  form,  and  that  they  never 
presented  the  slightest  tendency  to  a  symmetrical  and  vegetative  development. 
Goethe,  on  the  contrary,  was  able  to  give  the  type  for  the  phantasm,  and  then  the 
different  variations  ensued  it,  as  it  seemed,  independently  of  the  will,  though  with 
regularity  and  symmetry.  This  difference  accorded  well  with  the  characters  of  our 
minds,  of  which  the  one  had  the  creative  power  of  the  poet,  while  the  other  was 
engaged  in  the  investigation  of  the  actual  phenomena  of  nature.f 

b.  Influence  of  ideas  upon  motions, — Ideas  produce  motions  even 
more  readily  than  they  produce  sensations.     The  following  are  the 
•  conditions  in  which  such  phenomena  occur: — 

1.  The  resolve  to  execute  a  particular  motion  sets  in  action  the  cor- 
responding cerebral  nervous  fibres,  and  the  motion  is  effected,  if  it  be 
possible,  through  the  medium  of  the  cerebro-spinal  system  of  nerves. 
(See  account  of  the  voluntary  movements  at  page  673.) 

2.  The  idea  of  a  particular  motion  also  determines  a  current  of 
nervous  action  towards  the  necessary  muscles,  and  gives  rise  to  the 
motion  independently  of  the  will.  In  this  way  the  movements  of 
yawning,  laughing,  &c.,  are  produced  involuntarily,  when  another  per- 
son is  seen  to  yawn  or  laugh.     (See  page  672.) 

3.  Any  sudden  change  in  the  ideas,  though  without  emotion,  and 
having  reference  to  mere  external  objects,  may  excite  involuntary  mo- 
tions; such  as  that  of  laughter.     We  have  instances  of  a  similar  kind  ia 

*  Berliner  Monats-schrift,  1799,  Mai.  It  is  known  only  to  a  few  persons,  that  Goethe, 
vho  had  been  offended  with  Nicolai,  satisfied  his  revenge  by  caricaturing  him  as  the 
Proctophantasmist,  in  the  scene  on  the  Blocksberg,  in  Faust. 

t  Compare  Abercrombic*8  Inquiries  concerning  tlie  Intcllcctul  Powers,  Edinb.  1830.  On 
the  phantasms  of  the  sense  of  hearing,  see  my  own  work  already  referred  to,  p.  80,  and 
Froriop  a  Notiz.    B.  x.  p.  10. 

67* 


798  INFLUENCE  OF  IDEAS  ON  THE  NUTRITIVE  PROCESSES. 

the  motions  which  occur  when  two  ideas  are  suddenly  conceived  to 
contradict  each  other,  or  when  the  solution  of  a  difficulty  is  conceived 
unexpectedly. 

4.  The  idea  of  our  own  strength  gives  strength  to  our  movements. 
A  person  who  is  confident  of  ejecting  anything  by  muscular  efforts, 
will  do  it  more  easily  than  one  not  so  confident  in  his  own  power.  The 
idea  that  a  change  is  certainly  about  to  take  place  in  the  actions  of  the 
nervous  system,  may  produce  such  a  change  in  the  nervous  energy, 
that  exertions  hitherto  impossible  become  possible.  This  is  still  more 
likely  to  be  the  case,  if  the  individual  is  at  the  time  in  a  state  of  mental 
emotion. 

5.  The  passions  or  emotions  themselves  give  rise  to  involuntary 
actions  or  relaxations  of  muscles,  according  as  the  state  of  passion  is 
dependent  on  exciting  or  depressing  ideas.  The  same  passions  occur- 
ring frequently  induce  a  fixed  expression  of  the  features,  and  betray  the 
characteristic  temper  of  the  mind,  in  the  same  way  that  each  pa.ssion 
which  occurs  declares  itself  by  its  corresponding  physiognomical  motions. 
j(See  pages  672—674.) 

c.  Lxfixience  of  ideas  upon  nutrition,  growth,  and  secretion, — The 
phenomena  dependent  on  the  influence  of  ideas  of  the  mind  upon  the 
processes  of  the  body  are  very  analogous  to  the  foregoing.  They  may 
be  arranged  as  follows: — 

1.  Excessive  exercise  of  the  mind  diminishes  the  activity  of  the 
nutritive  processes. 

2.  An  idea  having  reference  to  a  secretion  causes  a  stream  of  nervous 
energy  to  be  directed  towards  the  secreting  organ;  and,  if  the  mind  is 
at  the  same  time  occupied  by  a  passion  or  an  emotion,  the  effect  just 
mentioned  is  more  marked.  Thus,  the  saliva  is  secreted  in  greater 
abundance  when  the  idea  of  food  occurs  to  the  mind;  the  secretion  of 
milk  is  increased  when  the  young  are  about  the  mother,  and  when  the 
idea  of  them,  rendered  intense  by  emotion,  occupies  her  mind;  the 
conception  of  vohiptuous  ideas  causes  the  semen  to  be  secreted  in  larger 
quantity. 

3.  Tlie  idea  that  a  structural  defect  will  certainly  be  removed  by  a 
certain  act  increases  the  organic  action  of  the  part,  and  sometimes  pro- 
duces a  cure.  Hence,  the  cure  of  warts  by  what  is  called  sympathy; 
si  Jab  u /a  vera, 

4.  Tho  passions  sometimes  excite  profuse  secretions,  such  as  a  flow  of  tears,  or 
perspiration,  or  diarrhoea;  sometimes  they  repress  the  organic  chemical  processes  by 
which  the  secretions  are  formed,  so  as  to  alter  iheir  quality.  From  the  latter  cause, 
the  milk  of  a  woman  who  is  nursintr  becomes  after  a  fit  of  passion  indigestible  and 
irritating  to  the  child.  Under  certain  circumstances,  also,  the  passions  cause  the 
suppression  or  retention  of  secretions:  thus  the  urine  is  watery,  from  the  natural  in- 
gredients of  that  fluid  not  being  eliminated,  after  a  fright;  and  anger,  grief,  and  other 
emotions  give  rise  to  jaundice,  by  causing  the  matter  secreted  to  be  re-absorbed  into 
the  capillary  blood-vessels  of  the  liver,  instead  of  being  carried  out  by  the  branches  of 
the  bile  duct. 

6.  Predispositions  to  particular  diseases  of  nutrition  speedily  manifest  themselves 
by  actual  lesions  under  the  influence  of  passions.  Grief,  and  deep  suffering,  in  a  very 
short  time  develope  phthisis,  liver  disease,  and  aflt'ciions  of  the  heart,  when  a  predis- 
position  to  those  maladies  previously  exists. 

6.  The  culture  of  the  mind  by  observation  and  varied  attainments 
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ennobling  influence  on  the  corporeal  form,  and  particularly  on 
laments  of  the  face.  A  comparison  of  the  forms  and  features 
Mieral  in  the  different  classes  of  society  leaves  no  doubt  as  to  the 
rthis  remark.  The  form  which  is  acquired  becomes  hereditary, 
fluence  is  most  manifest  in  the  most  exclusive  ranks  of  society, 
seldom  intermarry  with  other  ranks,  and  in  which  the  education 
children  is  carefully  attended  to.  The  only  way  in  which  we 
iiceive  the  form  of  the  features  to  be  influenced  by  the  culture 
mind  is,  that  all  excess  of  nutritive  matter  is  removed  from 
and  their  formation  more  strictly  confined  to  the  type  of  the 
;m. 

nental phenomena  in  compound  and  divided  animalsj  and  in  animals 

united  by  abnormal  concretion, 

'jompound  animals, — Amongr  the  lower  animals  there  are  many  which  really 
t  systems  of  numerous  individuals,  united  by  one  common  stem.  Plants, 
),  are  aggregates  of  many  concurrent  individuals  rather  than  simple  organisms, 
leaf-buds  of  a  plant  are  individuals  which  have  all  the  same  structure,  haye  the 
f  independent  existence  when  separated  artificially  or  spontaneously,  and  are 
of  developing  new  systems  of  similar  individuals.  The  vessels  of  each  bud 
onged  in  the  vascular  layers  of  the  common  stem  as  far  as  the  root,  and  thus 
I  resembles  a  fasciculus  of  distinct  individual  plants,  which  develope  them- 
t  different  points  of  its  length. 

ompound  animals  comprehend  the  compound  Vorticelline,  Polypifera,  Entozoa, 
llusca,  as  well  as  all  those  animals  which  propagate  by  division,  at  the  period 
leir  separating  parts  are  not  wholly  detached.    Two  distinct  individuals  of  the 
nd  animals  are  sometimes  united  by  a  common  stem,  of  which  they  represent 
iches,  and  from  which  they  are  developed  by  the  formation  of  buds;  as  in  the 
the  compound  branched  polypes.     Sometimes  they  are  united  in  a  radiate 
,  which  is  the  form  of  the  Uotrylli;  whilst  in  other  cases  many  are  connected 
nasB,  or,  like  the  Infusoria,  which  propagate  by  longitudinal  division,  they  are 
n  a  lateral  series;  or,  again,  like  other  Infusoria,  and  some  Annelida, — which 
ite  by  transverse  division, — they  are  connected  in  a  longitudinal  chain.     Most 
and  all  the  compound  animals,  are  to  be  regarded  as  families  of  individuals, 
iither  are  developed  singly  upon  the  common  stem,  as  in  the  majority  of  in- 
,  or  are  compound  even  in  their  embryonic  condition,  as  in  the  case  with  the 
i,  according  to  the  observation  of  Sars.    (/VoriV/)'*  Notizcn,  1837,  No.  51.)    In 
istances  the  different  individuals  composing  the  compound  animal  have  certain 
mt  organs  in  common.   Thus,  in  the  Sertularis.  the  canal  of  the  stem  communi- 
'ith  the  digestive  cavities  of  each  single  polype.    In  the  Hydrae,  it  was  observed 
mbley  that  the  digestive  cavity  of  the  young  polype  at  first  formed  part  of  that 
>arent  animal,  and  that  the  food  passed  from  the  one  to  the  other.    In  the  Nais, 
iring  the  development  of  several  new  individuals  by  division,  the  intestinal  canal 
inued  through  the  whole  series,  and  the  parent  animal  takes  food  for  them  all. 
le  Annelida  which  undergo  spontaneous  division,  the  imperfectly  formed  new 
68,  which  are  merely  composed  of  a  certain  number  of  the  segments  of  the 
animal,  at  one  period  evidently  obey  the  sensorium  seated  in  the  cephalic  por- 
the  parent,  and  execute  its  desires  and  resolves.     But,  in  proportion  as  their 
Jon  becomes  more  complete,  and  the  parts  which  are  to  form  the  new  animals 
3  independent,  and   acquire  new  centres  of  nervous  action   by  development  of 
ephalic  portion,  each  of^  these  \w\\  wj^riiis,  also,  becomes  endowed  with  special 
id  desires,  which  it  manifests  distinctly  enough  even  before  it  is  quite  separated, 
attempts  to  detach  itself  from  the  body  of  the  parent  worm, 
distinct  polypes,  which  are  united  by  a  common  stem  in  the  compound  Polypi- 
re  independent  individuals,  endowed  with  an  independent  will  and  nervou^ 
.    The  irritation  of  a  single  polype  causes  the  retraction  of  that  one  only,  and 
all  the  polypes  of  the  stem.    The  stem  itself  has  no  individuality;  it  has  no 
,  and  is  incapable  of  conceiving  any  object  of  desire.    In  it,  however,  resides 
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b.  DoufjU  monj^Un  of  ihe  human  tp€cii4  and  -.j  yr^jtit. — Resr-f-rtiuz 
ihe  nrjo<i«:  of  ionu'ii:ou  of  these  doubie  iEo::>:rr>.  s..  iha:  :s  essei^dsl 
has  alrecidv  bfren  b-i.d.  The  fol-o'Hriiiz  natural  c.t.s::l<  iLz.'jie  iheir 
▼arious  forras.  The  abuLdani  examp.es  co.Ma-ric^i  in  ihe  Museum  ot 
Berlia  may  a^i  be  referred  lo  one  or  other  oi  the  :o.jdw:c£  Kaeral 
heads : — 

I.  Thj*  aziv  of  the  ?»:t  id  p^rt  dccble. 

a.  The  Lf;p*r  pzn  of  i:.*:  trur.k  do-"*  .e.  while  the  lower  pzn  is  sirr'c-  -i^-J  jhiw 
dupler.  Of  iJ;i%  form  of  d'-ub!*:  ri.',r.i:er.  in  which  the  cephs-ir  zti  «p':=.il  liii  iPt 
bifid  at  the  up^ttr  part,  there  &re  al!  'd'^^rees,  from  the  mcLSLrr  wi'Ji  a  cicb.e  si^zzk 
or  double  h<:%'i,  Uj  trifit  in  whirh  the  nrio!e  upper  pan  cf  ne  b:>dT.  as  i:w  as  the 
sacrum,  or  biill  lower,  is  dou^ile. 

6.  The  lower  part  coir  of  tbe  tronk  or  axis  of  the  bc-dj  <£:=:Ie.  .Init  de^r^am 
duplex.  Of  this  f^rm,  aI%o,  ihere  is  every  degree,  even  lo'ihai  cindiucL  ia  waieh 
tbe  entire  truiik,  and  even  ine  posierior  part  of  the  he^d.  are  dzuble.  asd  cclj  the 
toout  single. 

II.  Jxi*  rfupUr.  Two  bodies  with  their  axes  disiioct,  ur.iiec  bj  ider.iical  parti 
with  or  without  defect  at  that  point  of  union. 

a.  Union  without  deficiency  of  parts;  all  parts  of  the  two  embryos  beir^  perfect. 
In  this  case  each  embro  seeniji  to  be  partially  cleft.     For  example,  in  tbe  tisd  of  one 
b 

a-,  the  two  halves  of  the  face,  b  and  b,  are  separated  from  each  other,  the  occipat,  a 
h 
fuiu'A\u\ufT  undivided;  3rid,in  the  same  way,  the  two  halves  of  the  face,  s  ^ind  s.  in  ihe 

B 
head  -«  of  the  other  embryo,  arf  s^parated,  while   the   occiput,  a,  rea.ains  single. 

Hence  ihore  is  this  confusion,  a—  a,  of  the  parts  of  the  united  head;  each  f.ice,  55,  of 

I'B 
the  donbN-  h«'^d  b<;irijr  compocfd  of  halves,  which  belonjr  to  two  different  embryos. 
The  i:XAii\\u'A\.\'>\\  of  the  cranium  and  brain  proves  that  this  is  the  case.^  The  synce- 
haluH,  hynihorax,  syrpj.jsior,  as  well  as  the  pyjrodidymus  of  Gurli,  when  not  com- 
[jined  willi  di-fioirjncy  of  parts,  ar«  varieties  of  ihis  form  of  monstrosity.  The  syn- 
cephaluM,  without  d«fi';ir:n«;y  of  parts,  is  tlie  true  Janus-monster.  But  there  are  cases 
of  Hynthorax  and  syn^astfr,  in  which  the  condition  of  the  thorax  and  abdonien  is  the 
Name  as  that  of  (he  h«;4d  in  the  Janus-moiister. 

//.  Two  ernhryoH  united  by  id^Miiical  parts,  with  defect  at  the  place  of  coalescence. 
MonKfrobili«'s  of  this  kind  arp  du«i  to  the  same  principle  as  the  coalescence  of  corre- 
Mpohdinfr  ortjiins  of  the  two  sides  of  the  body  in  sinsie  monsters.  The  coalescence 
and  loss  of  parts  may  he  siiuatcti  either  at  the  side  or  at  the  front  of  the  body.  Such 
are  the  Hyncfphalus  aprosopus,  in  which  the  faciiS  of  both  embryos  are  deficient,  and 
the  corresponding  f<irtns  of  the  synthorax  and  syntrastor.  From  the  lateral  syncephali 
there,  is  a  (rraduai  tr^insitioii  to  to  the  monsters  with  partially  double  axis. 

r.  Two  bodies  nniied  by  dissimilar  parts. 

HI.  fmplnntatin. — Two  bodies  united,  but  only  one  perfectly  developed,  while  the 
other  remains  in  a  rudimentary  state. 

*  Compurc  J.  Gcoffroy  St.  Hilairc,  Hist  des  Anomalies,  torn.  iii.  p.  110. 
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Uantatio  extema.^~l.  Implaniatto  externa  KguaHi,  in  which  the  parts  of  the 
t  embryo  are  connected  with  correfipondinff  parts  of  the  perfect  one;  as,  for 
where  the  posterior  parts  of  the  body  of  a  diminutiye  foetas  hang  to  the 
.he  thorax  of  a  fully  formed  child;  or  where  a  third  foot,  parasitic  hand,  or 
lerary  jaw  is  present.  2'.  ImplarUaiio  externa  inaequaU$^  in  which  the  perfect 
ffect  foetas  are  connected  by  dissimilar  points. 
Jantaiio  intemaf  where  one  foetus  contains  within  it  a  second. 

Parts  of  the  body  external  to  the  axis,  cleft  so  as  to  be  double. 

netimes  difficult  to  distinguish  this  forni  of  monstrosity  froai  the 

ng.* 

ciiowledge  respecting  the  mental  phenomena  of  double  monsters 

limited,  the  opportunity  of  observing  them  occurring  very  rarely, 

St  of  these  monstrous  foetuses  dying  soon  after  ^irth.     Some  few 

itions,  however,  have  been  instituted  upon  the  most  important 

f  monstrosities.     In  that  form  in  which  the  upper  part  of  the 

double,  and  the  lower  part  single,  it  is  found  that  the  two  heads 

each  possess  voluntary  influence  over  the  entire  lower  half  of 

ly,  as  might  have  been  expected;  but  that  the  right  head  moves 

B  right  half  of  the  body  and  the  right  lower  extremity,  while  the 

id  moves  the  left  half  of  the  trunk  and  left  lower  extremity. 

results  have  been  obtained  by  observations  instituted  in  the  case 

.  Christina.t    Irritation  of  the  right  foot  also  was  felt  only  by 

It  head,  and  irritation  of  the  left  foot  only  by  the  left  head.    It 

ly  when  the  middle  line  of  the  body  was  touched  that  it  was  felt 

1  heads.    This  form  of  monstrosity,  therefore,  would  appear  to 

ather  from  the  fusion  or  coalescence  of  two  embryos,  with  loss 

ruction  of  the  intermediate  parts,  than  from  the  partial  divisioa 

germ.     In  Rita  and  Christina  the  intestinal  canal  was  double  as 

the  ileum,  but  thence  downwards  it  was  single.    The  desire  of 

ting  the  bowels  was  almost  always  felt  simultaneously  by  both. 

can,  consequently,  be  no  doubt  that  the  single  part  of  the  intes- 

inal  was  produced  by  the  coalescence  of  two  intestinal  tubes,  of 

'  which  a  part  of  the  walls  was  lost.     (Consult  J,  Geoff.  Si. 

«,  iii.  p.  189.) 

respect  to  the  monsters  in  which  the  brain  and  cranial  cavity  are  single,  while 
izle  or  the  trunk  is  double,  I  have  myself  had  the  opportunity  of  making  a 
bservation  upon  the  laws  of  their  sensations  and  volition.  It  was  in  the  case 
',  of  which  the  body  and  occiput  were  single  but  the  anterior  part  of  the  head 
muzzle  double,  there  being  three  eyes,  of  which  the  middle  one  resulted  from 
)n  of  the  internal  eyes  of  two  faces.  It  is  not  many  years  since  I  saw  this 
e;  I  was  able  to  observe  it  only  for  a  short  period,  and  know  nothing  of  its 
'.  As  the  creature  was  not  my  property,  I  was  only  interested  in  ascertaining 
iras  affected  by  sensations.  1  touched,  therefore,  one  of  the  mouths  with  a 
d  was  surprised  to  see  the  tongues  of  both  mouths  protruded  simultaneously 
szactly  the  same  manner.  1  cannot  exactly  recollect  whether  both  tongues 
I  when  protruded,  or  whether  they  both  moved  towards  the  same  side;  but  1 
3r  inclined  to  think  that  the  former  was  the  case.  It  is  much  to  be  desired  that 
irtunities  of  observing  such  cases  should  not  be  neglected.  The  simultaneous 
tationof  one  will  in  both  the  double  parts  of  such  monsters  would  accord  better 
I  idea  of  their  being  produced  by  partial  division  of  the  germ,  than  with  that 
being  due  to  the  coalescence  of  two  germs. 

the  anatomy  of  the  double  monsters,  consult  Barkow,  Monstra  animalium 
per  anatomen  indagata.     Lips.  1828. 
res,  Rechercbes  d'Anatomie  Transcendante  et  Pathologiqae.    Paris,  1833. 
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4«v4;'Vt«i  •oft-rr:.  -ni^ri  <:*a"-^i-*  ii  i:*iii.  irs  z«*ri..y  ''^w  s«  HBBSiatliiy.  :iie  per- 
iKt  ^'ItiT-.-i-.i!  TAiz^  izr^tdciz.ii  :;  i:  -fKiiai^ca  :r-:-Gi  iisprcssinui  aaae  ti-cii  caea* 

esM^,  »r«i  J.  G*c5.  >-  Hi-aire.  Op.  c.":.^  C&atss  :!'  v.:*  It-z*:.  =.:-»*T»r.  sa-r*  iaeca 
cbvtrTiy:  ir.  »r.H::  :rrl'-4:l:r.  ::*:h%  r::!x»ctarT  r-rmi-ia  :::--»  «€*:iii:  »ai!rrTo  was  fell 
bj  tr.t  i-l.T  ^tT*:.'-.;.*-:  .L-i-'j.:  -il.  'I'..:,  p.  ^-JT.  -231."     Ar..i  ---j  irc«a.-9  ia  ac  wiy 

tioik  are  a*.  f.Mi  ir.^^c*i:/.fe,  c-i  jn'i  :a.'7  ac.^.,.::^  fw.ii?.     K-'Ji-ir-:-  i:  cu  ::-rT-B-r  b«CB 

6bMrTe4,  iha:  bvr.  heac*  -f  iC---rjle-r>a:»c  n*:r.5jcr  iiTe  »jjire<i  t i'.z.r.zjirx  miz^san 
orer  ir.e  •rLiire  air.^ie  trir.l:.  Tr.e  p'^siii'.iiT  ci  icis  rcccrrirz.  ::weT*r.  i:  l<easi  in 
the  lower  aLira*!*.  carxi:  i>«  a:i«/.u'.^Ij  Crdec.  I*,  is,  iii^i?-:.  tn-c^.  :j  b.f  c^siied. 
that  some  %«:cLrat«  -.hvifTaii-.r.s  an-.c:.-  ije  iaA:i:ci«c  cp:u  •*.•? 'i:a':^*-.i«ra-i^i  Hjdrs 
with  tin?le  tpir.k.  vhich,  aa  Tresr.bley  riaa  shove,  cij  viuk  z^^a;  ease  b«  vijiciaily 
prtyicee^,  by  difidiLy  lorigiicdi.'iallT  ::.e  ceprtalic  er.i  -:;'  a  p<:.yp<.  Is  in-?  bnnebed 
iTorticel'a,  Carchesiura  poiypir.uai  cf  Ehrenber^,  wr.ich  pripig^LH  by  sp«?ctacieoiis 
looj^ttcfiinal  division, the  separate  i.v^iTi>ijaIs  thus  pr>:;;c«c  are  iea'^i  orn  cae  «Teoi 
endowed  with  iriOs'^cIar  contractiiity.  In  this  animal.  :h'^rerore.  the  3ub;eca:a  ci  obc 
common  truck  or  9U;m  to  two  centres  of  Tohtioa  may,  penaps,  eiist. 

c.  Ifi/luence  of  th^  mind  of  the  mothftr  upon  thi  fatu4. 

The  connection  subsisting  between  the  oiother  and  the  fxtus  resem- 
bles that  between  the  parent  polype  and  the  gemmx  or  buds  developed 
upon  it,  wliich  have  each  an  individual  viiaiity,  and  gradiialLy  acquire 
an  isolated  condition  and  independent  centres  ot  action.  The  will  of 
the  parent  trunk  has  no  influence  over  the  motions  of  the  developed 
germ,  and  we  have  no  more  reason  to  expect  such  an  indueuce  in  the 
case  of  the  human  subject  and  mammalia.  In  the  Nais,  which  multi- 
plies itself  by  spontaneous  division,  the  part  which  subsequently  becomes 
a  new  individual  moves  under  the  directing  influence  of  the  brain  of 
the  oriiLMnal  worm;  but  this  is  a  different  case;  it  is  not  the  development 
of  a  new  organi^-m  from  an  unor2anised  germ,  but  the  mere  isolation 
of  a  part  from  another  organibni,  to  the  will  of  which  it  has  been 
subject. 

The  influence  of  the  mind  of  the  mother  upon  the  nutritive  processes 
of  the  ff/:tus  must  also  be  considorcd  in  this  place. 

The  general  f|uestion  which  should  first  be  determined  is,  whether  the 
influfirice  of  the  mind  is  so  extended  that  determinate  ideas  of  physical 
and  tancrible  phenomena  are  able  to  cause  tiieir  own  realisation  by  cor- 
responding plastic  changes  in  part  of  the  organism. 

'i'hat  the  mind  has  such  ;«n  inlluenceover  the  sensations  and  motions 
is  beyond  a  doubt.  liut  the  qiKJstion  is,  whether  the  idea  of  a  special 
form  with  a  particular  colour  can  cause  the  organism  to  realise  this 
form  and  colour  by  a  change  in  a  part  of  the  skin  of  the  body.  This 
question  is  involved  in  that  resp«;cting  the  influence  of  the  imagination 
of  the  mother  upon  the  organisation  of  the  fditus;  but  in  the  latter  case 
we  are  recjuired  to  admit  that  the  mind  can  exert  an  influence  even 
external  to  the  organism  to  which  it  belongs. 

T)ie  cure  of  small  orjranic  lesions,  such  as  warts,  through  the  medium  of  the  im- 
agiuatioDy  cannot  be  adduced  in  support  of  the  affirmative  of  the  above  question;  for 
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ares  the  mental  idea  does  not  produce  a  definite  foroif  bat  merely  excites  an 
Df  the  natural  nutritive  process.  The  natural  organic  action  being  increased 
il  to  the  existence  of  a  morbid  growth,  such  as  a  wart;  and,  hence,  the  latter 
But  the  imagination  of  the  mother  is  supposed  to  produce  some  positiye  re- 
modified  structure,  eren  in  form  corresponding  with  the  efficient  idea.  That 
nfluence  exists  is  improbable,  from  the  mere  circumstance  that  it  is  supposed 
from  one  organism  to  another;  while  the  connection  of  mother  and  child  is 
nore  than  the  closest  possible  juxta-position  of  two  or^nisms  in  themselves 
distinct,  which  exert  an  attraction  on  each  other  by  their  contiguous  surfaceSf 
>f  which  receiyes  its  nutriment  and  warmth  from  the  other.  But  there  are 
er  reasons  which  tend  to  refute  this  old  and  popular  superstition.  Nearly 
DDstrosities  born  in  Prussia  are  brought  under  my  observation;  and,  nerer^ 
can  assert,  that  a  new  form  scarcely  ever  presents  itself,  but,  on  the  con- 
t  the  great  mass  are  constituted  of  certain  kinds  of  monstrosities  constantly 
which  belong  to  the  great  categories  of  arrests  of  development,  divided  or 
i,  defects,  coalescence  of  lateral  organs  with  deficiency  of  the  intervening 
.  In  the  accounts  given  of  these  monsters,  however,  it  is  frequently  stated 
aind  of  the  mother  when  pregnant  was  strongly  afiected  by  some  object,  and 
XL  which  this  happened  is  described,  although  the  monstrosity  presents  not 
»st  resemblance  to  the  object  in  question.  Moreover,  when  we  consider  that 
man  during  her  pregnancy  must  certainly  be  frightened  several  times,  and 
many  have  once  at  least,  if  not  oftener,  a  presentiment  of  evil  from  such 
ithout  any  result  following,  we  certainly  must  perceive  that,  when  a  monster 
to  be  bom,  circumstances  will  not  be  wanting  to  afford  an  explanation  of  its 
:e  conformably  with  the  popular  belief. 

9nly  way,  therefore,  in  which  the  mind  of  the  mother  can  reason- 
supposed  to  affect  the  foetus,  is  by  a  sudden  emotion  in  the  former 
ng  an  equally  sudden  change  in  the  organic  actions  subsisting  be- 
ler  and  the  foetus,  so  as  to  bring  about  an  arrest  of  development 
itter,  or  to  fix  its  forms  at  certain  transitory  stages  of  metamor- 
without  the  idea  in  the  mother's  mind  having  any  direct  influence 
tat  part  of  the  foetus  in  which  these  arrests  occur.  Most  monsters 
lormally  formed  in  several  distinct  parts,  and  frequently  we  find 
of  development  in  very  different  and  distant  parts  of  the  same 

e  are  correct  in  denying  that  ideas  conceived  in  the  mind  of  one 
ed  being,  can  be  realised  in  the  structure  of  another  individual; 
will  be  scarcely  probable  that  one  person  can  influence  the 
if  another  in  any  other  way  than  by  speech  or  signs.  Even 
it  should  be  admitted,  that  organic  beings  may  exert  unknown 
t  are  called  <<  magnetic"  influences  on  each  other,  and,  perhaps, 
t  contact,  through  the  medium  of  the  nerves;  still  the  communi- 
of  ideas  or  particular  states  of  the  mind  from  one  person  to 
',  as  in  the  pretended  phenomena  of  animal  magnetism,  &c.| 
remain  as  improbable  as  it  is  inconceivable. 


CHAPTER  III. 

OF   THE   TEMPERAMENTS. 


temperaments  are  peculiar  permanent  conditions  or  modes  of 
reaction  of  the  mind  and  organism.  They  are  chiefly  dependent 
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iv  and  other  abnormal  predispositions  of  the  body,  from  the  temperaments  of 

.    There  are  many  choleric  persons,  who,  when  labouring  under  emotion, 

any  other  organ  sooner  than  the  liver;  who,  for  example,  become  affected 

ligestion,  palpitation  of  the  heart,  or  nervous  tremors  and  twitchings.    The 

bilious  constitution  of  the  body  must  exist  in  persons  who  have  a  yellowish 

ie  skin,  and  suffer  disorder  of  the  liver,  not  merely  when  they  are  affected 

ef  and  anger,  but  when  they  are  subject  to  any  mental  emotion. 

ding  to  my  view  the  temperaments  are  entirely  dependent  on  the  different 

in  which  different  individuals  are  disposed  to  the  strivings  and  emotions 

rom  the  depression  or  excitement  of  the  feeling  of  self;  in  other  words,  on 

rent  degrees  of  disposition  to  the  states  of  desire,  pleasure  and  pain,  and  on 

It  to  which  these  states  of  the  mind  are  promoted  by  the  composition  and 

'  the  organs  of  the  body.     We  have  already  stated  it  to  be  probable,  that  the 

i  or  emotions  of  the  mind  are  due  to  that  fundamental  property  of  organic 

which  causes  them  to  seek  the  integrity  of  self,  and  which,  without  even 

distinct  sensations,  yet  influences  tlie  conception  of  ideas  and  enters  into 

tion  with  them. 

I  the  organisation  of  an  individual  is  such,  that  his  mental  strivings  or  emo- 

)  neither  intense  nor  enduring,  he  is  of  ihe  phlegmatic  or  unexcitable  tempera- 

i  which  the  ideas  of  things,  and  the  combinations  of  these  ideas,  remain  more 

completely  mere  ideas,  uncombined  with  any  strong  feelinfrs  of  the  restriction 

ision  of  self, — unmodified  by  pleasure,  pain,  or  desire.    The  phlegmatic  tem- 

it  to  which  we  here  allude,  is  by  no  means  a  pathological  condition.     In  per- 

this  temperament  ideas  are  conceived  with  as  much  rapidity  as  in  others,  and 

ay  be  the  same  power  of  mind  us  in  other  temperamenis.     When  the  intellec- 

ilties  are  good,  this  temperament  will  render  a  person  capable  of  more  dif- 

;ts,  and  successful   in  a  more  extraordinary  degree,  than  would  be  possible 

:8  impulses  rendered  stronger  by  a  more  passionate  temperament.     Such  a 

whose  mental  strivings,  or  emotions,  are  not  violent,  remains  cool  and  undis- 

and  is  not  drawn  away  from  his  determined  course  to  the  performance  of  acta 

le  would  repent  on  the  morrow;— he  is  more  sure  and  trustworthy  than  persons 

pposite  temperament,  and   his  success  more  to  be  depended  on;  in  times  of 

and  at  moments  of  importance,  when  good  judgment,  calculation,  and  reflec- 

9  needed  rather  than  very  quick  action,  his  powers  are  all  at  his  command. 

snergy  of  action,  which  is  dependent  on  the  susceptibility  of  the  strivings  of 

not  to  be  looked  for  in  a  truly  phlegmatic  subject,  such  as  1  have  described; 

}]ace  of  it,  all  the  good  effects  of  delay  and  cautious  calculating  endurance. 

istances  which  would  excite  the  choleric  and  sanguine  to  iiasty  passionate  acts, 

uld  cause  them  painful  and  bitter  feelini^s,  are  regarded  by  the  phlegmatic 

t  emotion,  exciting  merely  his  meditation;  so  that  he  neither  cofhplains  nor 

lart  in  them,  but  pronounces  dispassionate  reflections  upon  mankind  and  their 

one.    He  does  not  feel  his  misfortunes  strongly,  bears  them  with  patience,  and 

not  affected  in  any  great  degree  by  the  sufferings  of  others.     He  contracts  few 

hips,  but  when  he  has  formed  them  does  not  break  them,  and  may  be  a  per- 

Tustworthy  and  useful  man  in  society.     Where  rapid  action  is  required  the 

latic  person  is  less  successful,  and  others  leave  him  behind;  but  when  no  haste 

ssary,  and  delay  is  admissible,  he  quietly  attains  his  end,  while  others  have 

tted  error  upon  error,  and  have  been  diverted  from  their  course  by  their  pas- 

The  phlegmatic  person  knows  his  proper  sphere,  and  does  not  trespass  on 

others,  or  come  into  collision  with  them.     From  this  conduct,  as  well  as  from 

erly  and  steady  course  of  action,  in  which  he  keeps  his  object  in  view,  and 

self-deception,  he  derives  a  contented  tone  of  mind,  free  alike  from  turbulent 

lents  and  deep  suffering. 

at  kind  of  plilegin.-itic  disposition  which  is  characterised  by  shig- 
Bss,  apathy,  want  of  sympathy,  irresolution,  tediousness,  difficult 
rehension,  and  slow  mental  progress,  and  which  prefers  pain  not 
[y  felt  to  labour  and  exertion,  is  an  abnormal  or  pathological  ecu. 
1.  Tlie  more  excitable  or  unrestrained  temperaments  are  tha 
riCy  sanguine,  and  melancholic.    The  passions  are  the  manifiJt^ 
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tions  of  the  emotions  or  striFiDgs  of  the  mind,  and  of  the  restraint  or 
exaltation  of  these  strivings,  attended  with  feelings  of  pain  or  pieasare, 
and  produced  by  ideas  of  particular  objects.  The  siriTing  of  the  mind 
may  be  so  strong,  and  the  attendant  organic  actions  so  inexhaastible, 
as  to  overcome  all  impediments,  or  the  pleasurable  or  painful  emotion 
may  be  intense,  while  the  sensibility  is  excessive,  and  the  reaction  by 
continued  strivings  of  the  mind  and  organic  action  relatively  feeble.  In 
the  first  case  the  temperament  is  the  choleric;  in  the  second*  it  is  either 
the  sanguine  or  the  melancholic,  both  of  which  are  dependent  on  the 
same  essential  quality  of  mind,  and  more  nearly  allied  to  each  other 
than  to  the  other  temperaments. 

The  choleric  person  exhibits  a  power  of  action  remarkable  t>oth  for 
intensity  and  endurance,  under  the  influence  of  passions  or  desires 
irhich  have  reference  to  himself  or  others.  His  emotions  are  higUy 
excited  whenever  he  experiences  any  opposition  or  check  to  the  strivings 
of  his  mind,  whether  these  strivings  tend  to  the  extension  of  the  power 
of  self,  or  merely  to  the  maintenance  of  its  integrity;  and  his  ambition, 
his  jealousy,  his  revenge,  and  his  love  of  rule,  know  no  bounds  as  long 
as  he  is  under  the  influence  of  passion.  He  reflects  little,  bat  acts 
unhesitatingly,  either  because  he  alone  is  right,  or  more  especially 
because  it  is  his  will  so  to  act;  and  he  is  not  readily  convinced  of  his 
errors,  but  persists  unalterably  in  the  course  to  which  his  passion 
prompts  him  until  he  ruins  both  himself  and  others. 

In  the  sanguine  temperament  the  main  tendency  of  the  mind  is  to  the 
feeling  of  pleasure;  while  there  is  great  excitability  but  little  durability 
of  the  states  of  emotion  when  excited.  An  individual  of  this  tempera- 
ment is  much  the  subject  of  pleasurable  feelings,  and  seeks  that  which 
irill  excite  them;  he  readily  sympathises,  and  forms  many  friendships, 
but  as  readily  rcliriquishes  them;  frequently  changes  his  inclinations, 
and  is  little  to  be  depended  on;  he  is  easily  enraged,  but  as  soon  relents; 
promises  readily  and  much,  and  is  sincere  at  the  time,  but  neglects  his 
promises  if  they  are  not  immediately  performed;  conceives  many  pro- 
jects, hut  ftcver  executes  them;  is  charitable  towards  the  faults  of  others, 
and  expects  the  same  indulgence  for  his  own  errors;  lastly,  he  is  easily 
appeased,  is  opeu-liearled,  amiable,  good-tempered,  social,  and  uncal- 
culatitig. 

Tlic  feeling  of  pain  is  the  fundamental  tendency  of  the  mind  in  the 
melancholic  temperament.  The  melancholic  person  is  as  easily  excited 
as  the  sanguine,  but  in  him  painful  sentiments  are  of  longer  duration 
and  more  frequent  than  pleasurable  feelings;  the  sufferings  of  others 
excite  his  deep  sympathy;  he  fears,  repents,  mistrusts,  and  has  misgiv- 
ings on  every  occasion,  and  pays  especial  attention  to  everything  which 
favours  this  tone  of  mind.  He  is  prone  to  fancy  himself  offended  and 
injured,  or  neglected;  impediments  which  he  meets  with  render  him 
dejected,  timid,  and  doubting;  and  he  loses  the  power  either  of  acting 
or  of  judging.  His  desires  are  full  of  sadness,  and  of  the  feeling  of 
having  sutfered  a  loss:  his  grief  is  immoderate  and  inconsolable. 

These  delineations  of  the  principal  features  distinguishing  the  tem- 
peraments might  easily  be  extended;  but  to  enter  into  any  further 
details  would  be  exceeding  the  bounds  of  our  proper  field  of  inquiry. (o) 

(a)  The  reader  is  referred  to  an  able  essay  on  TemperamenU  by  Doctor  Caldwell. 
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CHAPTER  IV. 


OF  SLEEP. 


The  excitement  of  the  organic  processes  in  the  brain  which  attends 
an  active  state  of  the  mind,  gradually  renders  that  organ  incapable  of 
maintaining  the  mental  action,  and  thus  induces  sleep,  which  is  to  the 
brain  what  bodily  fatigue  is  to  other  parts  of  the  nervous  system.  The 
cessation  or  remission  of  mental  activity  during  sleep,  in  its  turn,  how- 
ever, affords  an  opportunity  for  the  restoration  of  integrity  to  the 
organic  conditions  of  the  cerebrum,  by  which  they  regain  their  excita- 
bility. The  brain,  whose  action  is  essential  to  the  manifestation  of 
mind,  obeys,  in  fact,  the  general  law  which  prevails  over  all  organic  phe- 
nomena, viz.  that  the  phenomena  of  life,  being  particular  states  induced 
in  the  organic  structures,  are  attended  with  changes  in  the  constituent 
matter  of  those  structures.  Hence,  the  longer  the  action  of  the  mind  is 
continued,  the  more  incapable  does  the  brain  become  of  supporting  that 
action,  and  the  more  imperfectly  are  the  mental  processes  performed, 
until  at  length  sensations  cease  to  be  perceived,  notwithstanding  the 
impressions  of  external  stimuli  continue.  This  is  entirely  analogous  to 
what  frequently  ocqurs  during  the  waking  state  in  the  case  of  individual 
sensations.  A  coloured  spot  regarded  steadfastly  for  a  long  time  becomes 
at  length  invisible,  and  nothing  more  than  a  general  impression  on  the 
retina,  without  defined  details,  is  perceived.  In  persons  of  feeble 
nervous  system  long  direction  of  the  sight  to  one  object  causes  the  whole 
field  of  vision  to  become  dark.  Not  merely  the  action  of  the  mind,  but 
the  long-continued  exertion  of  other  functions  of  animal  life,  such  as  the 
senses  or  muscular  actions,  induces  the  same  exhaustion  of  the  organic 
states  of  the  brain,  and  thereby  want  of  sleep  and  sleep  itself;  for  these 
different  systems  of  the  body  participate  in  the  change  which  the  organic 
condition  of  any  one  of  them  may  undergo.  Lastly,  impairment  of  the 
normal  organic  state  of  the  brain  by  the  circulation  through  it  of  blood 
charged  with  imperfectly  assimilated  nutriment,  as  after  full  meals  ia 
which  spirituous  drinks  have  been  taken,  also  induces  sleep.  The  nar- 
cotic medicaments  act  still  more  strongly  by  the  change  they  produce  in 
the  organic  composition  of  the  sensorium.  Even  the  increased  pressure 
of  the  blood  upon  the  brain,  produced  by  the  horizontal  posture,  may 
become  the  cause  of  sleep.  In  many  persons,  for  instance  in  myself, 
sleep  is  brought  on  at  will  by  the  assumption  of  the  recumbent  position, 
while  the  thoughts  are  kept  in  an  unexcited  state. 

The  doration  of  the  periodical  state  of  sleep,  and  the  time  at  which  it  occurs,  are 
dependent  partly  on  external  and  partly  on  internal  causes.  Sleep  generally  occurs 
St  night-time,  while  the  waking  state  is  coincident  with  day,  on  account  of  the  senses, 
•nd  consequently  the  brain,  being  subject  to  many  causes  of  excitement  during  the 
dsy,  but  to  few  or  none  at  night.  The  causes  which  determine  the  duration  of  sleep 
ml  waking  are  seated,  however,  in  the  organism  itself.  The  day  may  become  the 
of  sleep  instead  of  night;  and  if  a  person  keeps  himself  in  a  state  of  activity 
'  alffat,  he  will  sleep  as  long  by  day  as  he  would  otherwise  have  slept  by  night. 
■mnoTer,  the  nature  of  manj^  animals,  for  example,  of  the  so-called  nocturnal 
4#  be  in  sction  during  the  night,  and  to  rest  by  day. 


808  8LBBF..— ITS  CAUSE. 

The  periodical  recanence  of  sleep  and  the  waking  state  is,  tbacAiie,  eneatially 
eonnected  with  something  in  the  nature  of  animals,  and  is  not  depcndcBt  oathe  simple 
alternation  of  day  and  night.  Bat  the  periods  of  sleeping  and  waking*  im  aeeordanee 
with  a  pre-established  harmony  of  nature*  hare  been  made  to  agree  with  thflaa  of  the 
earth^s  re^oiotions. 

In  this  respect  the  short  period  of  twenty-four  hours,  duriog  which 
the  alternation  of  sleeping  and  waking  occurs,  corresponds  to  the  longer 
periods  of  alternate  rest  and  activity  which  animals  present  in  the  rat,  in 
their  migrations,  in  the  changing  of  their  feathers  (moulting)  and  hair, 
and  in  hybernation  and  the  summer-sleep.  For,  altliough  hybernating 
animals  fall  into  the  torpid  state  on  account  of  their  inability  to  main- 
tain undiminished  their  state  of  vital  activity  and  power  of  developing 
beat  without  the  aid  of  external  warmth,  yet,  even  in  them,  as  the  ex- 
periments of  Czermack  and  Berthold  have  shown,  there  is  an  internal 
cause  resident  m  the  organism  itself,  which  renders  periodic  rest  neces- 
sary for  the  restoration  of  their  excitability.  The  rellmonse,  Myaxut 
glisj  frequently  is  torpid  in  the  summer;  and  the  dormouse,  Mt/oxus 
avellanariusj  hybernates  in  the  winter,  whether  it  is  in  the  open  air  or 
kept  in  a  heated  chamber;  the  only  difference  being  that  the  sleep  is 
more  profound  in  a  cold  atmosphere,  and  comes  on  earlier  than  in  the 
heated  room.  In  the  open  air  the  animals  become  torpid  as  early  as 
October;  while  in  the  warm  room  they  wake  every  day  for  a  certain 
time  until  about  the  middle  of  December,  when  the  sleep  becomes  more 
and  more  continued,  and  deeper,  so  that  it  is  not  again  interrupted,  or 
only  very  rarely,  before  the  middle  of  March.  The  cause  of  hyberna- 
tion, therefore,  according  to  Berthold,  is  not  external  cold  alone,  nor  the 
want  of  food,  but  a  general  deficiency  of  vital  energy,  analogous  to  that 
displayed  in  the  moulting  of  birds  and  similar  phenomena,  and  counected 
with  the  changes  of  the  seasons.  (See  Muller^s  ^rchiv.  1835,  p.  ISQ^ 
1837,  p.  63.) 

The  daily  sleep  of  plants,  and  their  winter  sleep,  present  in  this  re- 
spect exactly  similar  phenomena,  and  prove  that  neither  the  internal 
tendency  to  periodical  phenomena,  nor  the  dependence  on  external 
stimuli,  is  peculiar  to  organic  beings  supplied  with  nerves  and  a  central 
source  of  action.* 

The  waking  of  plants  is  manifested  by  the  expansion  of  their  leaveSt  and  the  torn- 
ing  of  their  upper  surface  towards  the  light.  The  sleep  of  plants,  first  noticed  by 
Cordus,  and  afterwards  observed  by  Linnsus  to  be  a  general  phenomenon,  consists  in 
the  leaves  assuming  the  erect  position,  and  folding  themselves  together.  During  the 
day,  also,  plants  inhale  carbonic  acid,  and  exhale  oxygen,  while  at  night  they  absorb 
oxygen  from  the  atmosphere.  The  movements  attending  the  sleep  of  plants  are  moat 
evident  in  the  youngest  leaves  of  the  stem,  and  in  the  petals  of  the  flowers,  and  least 
manifest  in  the  older  leaves.  The  sleep  of  young  animals,  also,  is  most  profound. 
There  are  plants,  as  well  as  animals,  which  sleep  through  the  day  and  are  awake  by 
night;  the  stimuli  afforded  by  day  being  in  both  cases  less  adapted  than  the  conditions 
of  night  to  maintain  the  activity  of  the  organism.  In  most  plants,  as  in  animals,  sleep 
is  the  result  of  the  state  produced  by  the  continued  stimulus  of  light,  and  of  the  ab- 
sence of  this  stimulus  during  the  night-time.  For,  according  to  the  experiments  of 
DecandoUe,  the  period  of  the  sleep  of  plants  may  be  reversed  by  producing  artificial 
night  and  artificial  day.     But  still  there  is  a  cause  both  of  the  sleep  and  waking  seated 

•  See  the  instructive  paper  on  the  sleep  of  plants,  by  E.  Meyer,  in  the  Vortrage  aus 
dem  Gebiete  der  Naturwissenschaften  und  der  (Economie,  herausgegebea  von  C.  von 
Baer.     Kunigsberg,  1834,  p.  127. 
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more  deeply  in  the  organism  itself.  From  the  observations  of  Dnhamel,  Ritter,  and 
Decandolie,  we  learn  that  the  leaves  of  plants  kept  in  constant  darkness,  open  and 
close  their  leaves  at  regular  intervals. 

In  general  characters,  the  sleep  of  animals  and  that  of  plants  resemble 
each  other.  There  are,  however,  pohits  of  great  dissimilarity.  The 
position  which  the  leaves  assume  during  the  sleep  of  plants  is  the  same 
which  they  have  when  young,  and  as  yet  unfolded.  But  this  position 
in  sleep  is  not  the  result  of  relaxation;  for  it  does  not  easily  admit  of 
being  changed,  so  that  the  leaves  break  off  in  the  attempt.  Moreover, 
in  the  sensitive  plants,  the  position  which  the  leaves  have  during  sleep 
is  the  same  that  they  take  when  irritated.  A  stimulus  applied  to  a  sen- 
sitive plant  at  one  spot,  in  such  a  manner  as  to  give  no  mechanical 
shock  to  the  whole  plant, — for  instance,  the  stimulus  of  heat  applied  by 
means  of  a  convex  lens, — is  propagated  gradually  to  other  parts,  the 
leaves  closing  in  succession,  according;  as  they  lie  at  a  less  or  greater 
distance  from  the  irritated  point. 

The  sleep  of  animals  is  a  phenomenon  dependent  on  a  change  in  the 
animal  part  of  the  organism  alone.  All  the  functions  of  organic  life— 
namely,  the  processes  ministering  to  nutrition,  with  all  the  involuntary 
movements  attending  them,— pursue  their  ordinary  course.  Even  the 
involuntary  movements  of  the  animal  system  of  muscles,  such  as  those 
of  respiration,  and  many  other  movements  of  the  same  kind,  as  we  shall 
presently  show,  do  not  partake  of  the  repose  of  sleep.  The  organic 
system  has  its  periods  of  remission  and  rest,  but  these  are  not  coincident 
with  the  sleep  of  animal  life,  and  are  very  different  for  different  organs. 
The  heart  has  its  period  of  rest  after  each  beat;  the  intestines  and  uterus 
have  theirs,  also,  at  different  times;  and  the  change  and  new  formation 
of  the  hairs  and  feathers  show  us  that  the  nutritive  processes,  also,  have 
alternate  periods  of  rest  and  action.  Even  the  growth  of  a  single  tooth, 
spine,  or  feather,  presents  to  us  a  cycle  of  states,  in  which  the  formative 
process  has  different  degrees  of  activity.  For,  during  the  formation  of 
the  shaft  of  the  latter  organs,  or  the  fang  of  the  tooth,  the  nutritive  action 
can  be  by  no  means  the  same  as  at  the  time  when  the  crown  of  the 
tooth^the  point  of  the  spine,  or  the  barb  of  the  feather,  is  formed.  In 
animals  whose  hair  is  knotted,  like  the  vibrissa  of  the  seal,  the  nutritive 
process,  on  which  their  growth  depends,  must  consist  of  a  regular  suc- 
cession of  alternate  remissions  and  exaltations,  since  these  structures 
grow  only  at  their  root. 

All  the  phenomena  of  organic  life,  and,  indeed,  all  the  phenomena  presented  by  the 
animal  body,  with  the  exception  of  the  trne  animal  functions  which  are  under  the  in- 
fluence of  the  mind,  obey,  like  the  development  of  the  germ,  a  law  of  absolute  neces- 
sity; although,  like  it,  they  conform  to  a  well-adapted  plan;  and  the  nutrition  and 
maintenance  even  of  the  organs  of  animal  life  are  not  dependent  on  the  operations  of 
time,  mind  or  intellect.  We  may,  therefore,  regard  sleep  and  the  waking  state,  as  the 
result  of  a  species  of  antagonism  between  the  organic  and  the  animal  life;  in  which 
the  animal  innctions,  governed  by  the  mind,  from  time  to  time  become  free  to  act, 
while  at  other  times  they  are  repressed  by  the  organic  force  acting  in  obedience  to  a 
law  of  creative  nature.  It  is  true  that  even  in  the  waking  state  the  organs  of  animal 
life  are  under  the  dominion  of  the  orsanic  force;  but  the  different  properties  of  the 
muscles  and  cerebro-spinal  nerves,  which  are  the  result  of  organisation,  are  engaged 
in  actions  very  different  from  those  of  the  organising  process.  In  sleep,  on  the  con- 
trary, when  these  animal  functions  entirely,  or  for  the  most  part,  cease,  tlie  organic 
processes  are  almost  the  only  ones  which'  continue;  and,  dnnng  that  state,  even  the 

68* 


310  SLEEP.—- ITS  PHEKOMXNA. 

organs  of  animal  life  are  rendered  capable  of  renewed  action  by  tbe  c^eratioi^s  o{  fba 
oi'gantsiDg  force,  which  proceed  without  the  conscioaanesa  of  the  animal,  tbongh  ac- 
cordant with  a  well-contrived  plan  and  with  reason. 

In  consequence  of  all  parts  of  the  or^niam  participating  to  a  certain  extent  in  the 
states  of  excitement  which  affect  primarily  only  one  part,  the  wakincr  of  the  system  of 
animal  life,  and  its  consequent  increased  excitement,  must  be  gradually  imparted  to 
those  organs  which  are  under  the  influence  of  the  organic  nerrons  system;  mod  any 
functions  which  these  organs  may  perform,  in  addition  to  the  mere  process  of  organisa- 
tion, will  be  in  some  measure  affected.  Hence  it  is  that  the  hearCa  action  becomes 
rather  more  frequent  at  the  time  of  waking  than  it  was  during  sleep.  The  radiation 
or  extension  of  excitement  from  the  animal  system  to  the  organic  ceases  during  s]eep« 
and  so  far  the  organic  part  of  the  body  has  at  that  time  a  remiasion  of  action,  tbongh 
in  a  less  degree  than  the  animal  aystem.  If  the  waking  state  of  the  animal  system  is 
maintained  much  longer  than  natural,  this  extension  of  excitement  from  it  to  the  or- 
ganic system  not  merely  becomes  more  manifest,  (for  instance,  in  the  acceleration  of 
the  heart's  action,^  but  the  great  exhaustion  of  the  organised  material  by  continued 
action  is  imperfectly  balanced  by  the  organiaing  process.  Hence  the  aigna  of  defectiTB 
nutrition,  which  soon  show  themselves  when  watching  is  long  protracted. 

Having  considered  thus  far  the  nature  of  sleep  generally,  we  will  now  study  more 
qainntely  its  phenomena.  On  the  commencement  of  sleep  tbe  senses  cease  to  per- 
ceive external  impressions,  and  the  play  of  ideas,  and  the  emotions,  are  entirely  or  in 
greater  part  silenced.  The  will  ceases  to  rule  the  muscles;  the  eyelids,  which  ex- 
perience the  sensation  of  fatigue,  are  no  longer  under  command;  the  head  droopSy  and 
thia  state  of  inaction  soon  extends  over  the  whole  animal  ayatem  of  organs. 

\Vhen  aleep  is  perfect  there  ia  generally  a  complete  absence  of  voluntary  motion; 
while  the  involuntary  movements  of  the  organic  muscles,  and  those  movements  of 
certain  animal  muscles  which  are  only  in  part  under  tbe  influence  of  the  will,  such  as 
the  respiratory  movements,  continue;  the  movements  last-mentioned  merely  ceasing  to 
be  influenced  by  volition.  The  movements  of  the  heart,  and  the  respiratory  moTements, 
are  somewhat  leaa  frequent  than  in  the  waking  state.  The  action  of  aome  animal 
muscles  is  increased  durincr  sleep,  they  being  apparently  released  from  some  counter- 
acting force  which  opposed  them  in  the  waking  state.  Such  ia  the  case  with  some 
of  the  muscles  of  the  eyes,  as  well  as  with  the  muscles  of  the  extremities  in  birds 
which  sleep  standing  on  one  or  both  legs.  During  sleep  the  eyes  have  a  peculiar 
position.  At  that  time,  as  well  as  in  a  atate  of  mere  sleepiness,  both  eyes  are  turned 
inwards  and  upwards.  This  movement  is  still  more  strongly  displayed  in  disorders 
of  the  nervous  system;  for  example,  in  epilepsy  and  catalepsy.  This  position  of  the 
eye  during  sleep  also  gives  it  a  very  different  expression  from  that  which  it  has  in 
death.  The  iris  is  contracted  in  a  person  asleep,  and  the  pupil  consequently  nar- 
rowed; but  on  his  awakening-  the  pupil  always  dilates,  becoming  first,  indeed,  very 
wide,  and  then  undulating,  until  it  acquires  the  mean  size  which  it  has  in  the  yaking 
state.  (See  page  535.)  A  greater  amount  of  external  warmth  is  required  for  the 
body  during  sleep  than  at  other  times;  and  immediately  after  the  awakening  from 
sleep  there  is  frequently  great  sensibility  to  cold. 

When,  dnringf  sleep,  the  conception  of  ideas  by  the  mind  does  not  entirely  cease, 
dreams  arise.  These  are  for  the  most  part  composed  of  simple  ideas  and  emotions; 
but  general  notions  sometimes  come  into  play,  and  movements  affected  by  the  animal 
muscles  may  be  combined  with  the  ideas  as  in  the  waking  state.  This  condition  of 
the  mind  is  ^*  dreaming,**  as  lon^  as  the  sensoriuin  is  disturbed  by  something  which 
gives  to  the  operations  of  the  mind  a  character  opposed  to  that  of  the  ordinary  con- 
ceptions and  thoughts  of  the  same  person.  The  ideas  conceived  in  dreams  so  far  re- 
semble those  of  the  waking  state,  that  they  may  refer  to  any  period  of  the  past  life; 
just  as  in  our  ordinary  condition  we  may  look  back  to  all  periods  of  our  life,  and  think 
at  one  moment  of  yesterday,  and  the  next  of  times  years  past.  If  the  ideas  which 
occupy  the  mind  during  the  waking  state  have  a  certain  degree  of  persistence,  the 
same  ideas  will  recur  in  dreams  during  sleep.  The  dreams  of  some  persons,  on  the 
other  hand,  refer  chiefly  to  times  long  past.  Many  blind  people,  after  they  have  been 
some  time  deprived  of  sight,  cease  to  dream  of  visible  objects,  but  their  dreams 
accord  with  their  present  mode  of  intercourse  with  ihe  external  world.  Other  indivi- 
duals, who  have  lost  their  sight,  continue  through  their  whole  life  to  dream  of  visible 
objects.     The  important  circumstance,  therefore,  regulating  these  dreams  of  visible 
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objects  by  blind  peraons,  is  not  the  time  which  has  elapsed  since  the  sight  was  lost; 
for  Haber,  who  had  been  blind  since  his  eighteenth  year,  when  in  his  sixty^sizth  still 
dreamed  of  objects  which  appeared  distinctly  Tisible  to  him,  though  these  dreams  re- 
ferred to  the  time  at  which  he  was  possessed  of  Tision.  The  facts  which  we  learn 
from  such  cases  are,  that  the  internal  parts  of  the  apparatus  of  vision  are  alone  es« 
sential  to  the  prodaction  of  phantasms,  and  that  ideas  recur,  which  were  originally 
conceived  previoasly  to  the  loss  of  sight.     (See  F)roriep*8  Notizen,  888,  p.  1 18.) 

In  the  simplest  form  of  dream  the  action  of  the  mind  is  confined  to  the  mere  con- 
eeption  of  simple  ideas,  to  the  exclusion  of  general  notions; — an  inferior  kind  of 
intellectual  action,  which  characterises  the  mind  of  brute  animals,  and  also,  for 
the  most  part,  the  human  mind  in  the  state  of  intoxication,  on  account  of  the  dis- 
turbance of  the  organic  conditions  of  the  brain  in  that  state.  These  dreams  are 
accompanied  by  phantasms.  The  senses  which  are  thus  excited  by  internal  causes 
may  also  be  called  into  action  by  external  causes  of  adequate  intensity;  but  these  ex- 
ternal impressions,  on  account  of  the  weakness  of  the  reasoning  faculty  during  sleep, 
saggest  incorrect  ideas.  A  person  asleep  feels  himself  in  an  uneasy  position,  and 
belieTes  that  he  is  bound  and  held  down  by  force.  His  arms  are  folded  one  over  the 
other,  and  he  thinks  they  are  held  so  by  another  person.  In  such  cases,  the  images 
of  persons  performing  the  actions  thus  conceived  in  the  dream  are  also  produced. 
Again,  the  sensation  of  the  urinary  bladder  being  full  may  be  perceived  during  sleep; 
but  the  dreamer,  believing  that  he  is  awake  and  out  of  bed,  is  led  by  this  sensation 
actually  to  evacuate  the  urine.  The  increased  excitement,  of  which  the  sexual  organs 
are  from  time  to  time  the  subject,  |rive8  rise  to  the  conception  of  corresponding  imaffea 
even  in  dreams.  The  lamp  burning  during  sleep  and  the  extinguishing  of  it  also 
exert  an  influence  upon  the  images  conceived  in  dreams.  The  cessation  of  a  noise  to 
which  the  sleeper  is  accustom^,  such  as  the  sound  of  a  mill,  excites  ideas  in  the 
mind  in  the  same  way  as  a  sudden  noise  occurring  a(\er  previous  silence.  The  sere- 
nade and  its  cessation  are  both  perceived  during  sleep;  but  incorrect  ideas  and  phan- 
tasms are  connected  with  these  sensations,  which  become  interwoven  in  the  web  of 
onr  dreams.*  The  predominant  emotions  of  the  mind,  also,  influence  the  character  of 
the  dreams.  When  the  mind  is  under  the  sway  of  depressing  passions,  the  dreams 
will  have  a  terrible  or  mournful  character. 

Sometimes  we  reason  more  or  less  correctly  in  dreams.  We  reflect 
on  problems,  and  rejoice  in  their  solution.  But  on  awaking  from  such 
dreams,  the  seeming  reasoning  is  frequently  found  to  have  been  no 
reasoning  at  all,  and  the  solution  of  the  problem,  over  which  we  had 
rejoiced,  to  be  mere  nonsense.  Sometimes  we  dream  that  another  per- 
9on  proposes  an  enigma;  that  we  cannot  solve  it,  and  that  others  are 
equally  incapable  of  doing  so;  but  that  the  person  who  proposed  it, 
himself  gives  the  explanation.  We  are  astonished  at  the  solution 
which  we  had  so  long  laboured  in  vain  to  find.  If  we  do  not  imme- 
diately awake,  and  afterwards  reflect  on  this  proposition  of  an  enigma 
in  our  dream,  and  on  its  apparent  solution,  we  think  it  wonderful;  but 
if  we  awake  immediately  after  the  dream,  and  are  able  to  compare  the 
answer  with  the  question,  we  find  that  it  was  mere  nonsense.  I  have,  at 
least,  several  times  observed  this  in  my  own  case.  In  dreams  in  which 
we  seem  to  hold  a  conversation  with  other  persons,  the  remarkable  cir- 
cumstance is,  that  the  arguments  and  counter-arguments  which  rise  in 
the  mind,  are  connected  with  the  ideas  of  the  corresponding  persons, 
just  as  notions  are  associated  with  certain  signs.  It  occasionally  hap- 
pens in  such  dreams  that  questions  are  asked,  and  no  answer  given, 
because  we  are  ourselves  unable  to  answer  them.  (Compare  Pre^ 
vastus  RemarkSy  loc.  cit,)    Sometimes  possible  combinations  of  circum- 

*  Vartont  other  examples  are  addneed  by  Prevoat,  from  the  obaervation  of  his  own  dreams. 
BiblioUi.  Univeraelle,  1834.  Mara.    Froriep*a  Notizen,  pp.  886,  889. 
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Stances  are  presented  to  our  minds  in  dreams,  with  the  character  of 
forebodings,  and  with  all  the  distinctness  of  reality;  and  as  anything 
which  is  possible  may  become  actual,  these  circumstances  may  really 
occur  without  there  being  anything  wonderful  in  the  matter.  For 
instance,  if  we  are  much  interested  in  a  person,  and  regard  him  with 
some  kind  of  emotion,  know  him  intimately  though  not  perfectly,  and, 
though  we  think  him  honest  and  sincere,  have,  nevertheless,  conceived 
it  to  be  remotely  possible  that  he  is  the  reverse;  this  person  may,  in  oar 
dreams  attended  with  phantasms,  appear  in  situations  which  show  him 
to  be  dishonest  and  insincere:  and  if  it  should  afterwards  be  proved 
that  such  really  is  the  case,  the  dream  appears  wonderful,  although  it  is 
nothing  more  than  a  play  of  ideas  excited  by  a  leading  thought,  which 
is  cherished  with  the  passions  of  fear  and  love.  Sometimes  the  sick 
perceive  in  their  dreams  countenances  of  beneficent  persons  who  advise 
them  to  adopt  this  or  that  proceeding;  and  the  measures  thus  sug- 
gested occasionally  prove  successful.  Physicians,  however,  who  fre- 
quently meet  with  such  prophetic  dreams,  have  remarked,  that  they 
in  many  instances  prescribe  for  themselves  measures  which  are  mani- 
festly injurious,  and  which,  therefore,  are  not  carried  into  effect. 

The  indistinctnefls  of  the  conceptions  in  dreams  is  generally  so  great  that  we  U8 
not  aware  that  we  dream.  The  phantasms  which  are  perceived  really  exist  in  our 
organs  of  sense.  They  afford,  therefore,  in  themseWes  as  strong  proof  of  the  actnal 
existence  of  the  objects  they  represent,  as  do  our  perceptions  of  real  external  objects 
in  the  waking  state;  for  we  know  the  latter  only  by  the  affections  of  oar  senses  which 
they  produce.  When,  therefore,  the  mind  has  lost  the  faculty  of  analysing  the  im- 
pressions on  our  senses,  there  is  no  reason  why  the  things  which  they  seem  to  repre- 
sent should  be  supposed  unreal.  Even  in  the  waking  state  phantasms  are  regarded 
as  real  objects  when  they  occur  to  persons  of  feeble  intellect.  On  the  other  hand, 
when  the  dreaming  approaches  more  nearly  to  the  waking  state,  we  sometimes  are 
conscious  that  we  merely  dream,  and  still  allow  the  dream  to  proceed  while  we  retain 
this  consciousness  of  its  true  nature. 

It  very  frequently  happens,  that  in  our  dream  we  seem  to  be  in- 
capable of  executing  certain  movements  which  we  desire  to  perform. 
For  example,  we  desire  to  escape  from  a  danger,  but  cannot  move; 
here  the  dream  corresponds  to  a  real  slate  of  the  sensorinm,  which  is  in 
sleep  unable  to  determine  the  nervous  actions  necessary  for  voluntary 
motion.  Some  persons,  however,  have  in  dreams  a  certain  command 
of  voluntary  motion;  and,  while  they  sleep  and  dream,  talk  confusedly, 
or,  sometimes,  even  coherently.  The  same  exertion  of  voluntary  power, 
also,  is  required  by  persons  sleeping  in  difficult  postures:  for  instance, 
by  postillions  sleepuig,  as  often  happens,  on  their  horses;  also  by  birds, 
which  sleep  standing,  sometimes  only  on  one  leg.  In  fact,  it  is  neces- 
sary to  constitute  sleep  and  dreams  that  a  very  large  portion  of  the 
ideas  which  can  be  called  into  action  in  the  waking  state  should  be 
passive;  but  those  ideas  which  are  active  may,  unless  the  sleep  be  very 
deep,  call  the  organs  of  motion  into  activity.  The  near  connection  of 
the  different  pathological  states  of  sleep  with  each  other  is  here  ren- 
dered manifest.  The  speaking  of  distinct  coherent  words  during  sleep, 
the  rising  from  bed,  and  the  performance  of  different  acts  in  that  state, 
are  all  pheiiomena  of  exactly  the  same  kuid.  The  somnambulist  is 
scarcely  to  be  separated  from  the  somnostaiisty — the  bird  standing 
while  It  sleeps. 
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The  simplest  degree  of  somnambulism  is  observed  in  children  of 
excitable  nervous  sjrstem,  who^  while  they  yet  sleep,  become  restless, 
call  out,  cry,  and  are  quieted  and  comforted  by  persons  speaking  to 
them,  whom  they  understand,  and  even  recognise  when  their  eyes  are 
open;  although,  notwithstanding  they  are  thus  capable  of  voluntary 
movements  and  susceptible  of  ideas  from  external  impressions  on  their 
senses,  they  do  not  for  a  long  time  awake  from  the  dream  which  has 
alarmed  them.  In  this  case  the  mind  is  in  a  certain  degree  awake,  but 
there  are  not  at  first  present  ideas  of  sufficient  distinctness  to  restore  tho 
mass  of  ideas,  disturbed  by  the  dream,  to  a  state  of  equilibrium.  This 
state  is  similar  to  that  of  a  person  just  awaking  from  sleep,  with  whom 
we  may  converse,  although  he  gives  confused  answers,  and  confounds 
what  is  going  on  around  him  with  the  images  and  ideas  which  belonged 
to  his  dream 

In  more  extreme  degrees  of  somnambulism,  the  dreamer  rises  and 
performs  all  the  acts  of  life  under  the  guidance  of  those  ideas  which 
are  in  an  active  state,  and  of  the  sensitive  impression  connected  with 
those  ideas.  He  performs  acts  determined  by  his  dream,  and  when  they 
are  attended  with  danger  he  is  unconscious  of  it;  he  crosses,  for  exam- 
ple, narrow  planks,  as  a  child  would  do,  that  is  not  aware  of  danger  and 
therefore  does  not  tremble.  It  is  not  really  very  difficult  to  walk  over 
an  inclined  plane,  if  we  do  not  know  that  it  is  greatly  elevated  above 
the  ground;  and  we  should  be  able  to  walk  over  many  roofs  if  they 
were  placed  upon  the  ground.  The  somnambulist  associates  only  ideas 
which  bear  some  relation  to  those  already  in  action.  No  other  ideas 
exist  for  him.  He  sees  and  hears;  but  is  disturbed  by  nothing  which  is 
foreign  to  the  train  of  ideas  which  constitute  his  dream,  unless  he  be 
actually  awoke. 

Sleep  ceases  as  soon  as  the  susceptibility  of  the  brain  for  those  organic 
states,  which  are  necessary  for  the  play  of  ideas  and  reasoning,  is  per- 
fectly restored.  The  condition  of  the  various  parts  of  the  body  is  then 
again  distinctly  perceived.  But  sensations  of  sufficient  intensity  pro- 
duced by  external  objects, or  even  strongly  excited  ideas  in  dreams,  will 
arise  from  sleep  which  is  not  normally  at  an  end.  Strong  emotions  felt 
in  dreams,  such  as  fear  and  other  passions,  very  frequently  put  such  an 
abrupt  end  to  sleep.  The  emotions  here  excite  actions  of  the  body,  as 
in  the  waking  state,  and  a  stronger  and  increasing  excitement  is  thus 
diffused  through  the  system  of  the  sleeper,  which  at  length  frees  the 
brain  from  its  fettered  slate. 

As  soon  as  we  awaken,  we  analyse  the  first  impressions  on  oar  senses,  think  where 
we  are,  whether  in  this  or  that  chamber,  and  consequently  whether  in  this  or  that 
town;  we  try  next  to  recollect  what  time  of  day  it  may  be,  and  correct  the  errors 
which  we  may  in  the  first  instance  fall  into  with  recrard  to  this  question.  Sometimes 
the  play  of  the  ideas  during  sleep  is  so  limited,  and  so  completely  unconnected  with 
the  ordinary  ideas  respecting  the  individual  existence  of  the  sleeper,  that  on  awaking 
he  has  to  collect  the  ideas  having  reference  to  his  individuality  in  order  to  know  who 
he  is. 

Sleep,  in  a  greater  or  less  degree,  as  Aristotle  correctly  remarked,  falls  to  the  share 
of  all  animals.  {De  Somno  et  Vigiiid.)  Some  brute  animals  even  dream;  the  dog, 
for  example,  barks  in  his  sleep.  In  some,  the  periods  of  sleep  are  less  distinct  ami 
regular;  and  this  is  particularly  the  case  in  the  cold-blooded  animals.  They,  how- 
ever, appear  to  be  subject  to  states  analogous  to  sleep.    Frogs,  which  croak  a  part  of 
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the  night  daring  Bumraer,  grenerally  become  quiet  after  midnight,  especially  when  the 
pairing  season  is  passed.  Insects  and  spiders  are  freijuently  foond  in  a  lethargic  or 
torpid  state;  and  it  is  probable  that  all  animals  in  which  no  regular  periods  of  sleep 
and  waking  have  hitherto  been  observed,  have  an  equivalent  for  sleep  in  the  state  of 
inactivity  and  rest  which  they  from  time  to  time  present. 

To  return  to  man. — Persons  in  whom  the  organic  functions  predomi- 
nate, who  are  stout  and  full-blooded,  sleep  longer  and  require  more 
sleep;  and  the  contrary  is  the  case  with  thin  persons.  Individuals  of 
excitable,  but  at  the  same  time  energetic  constitutions,  and  who  are 
with  difficulty  fatigued,  require  less;  those  of  an  excitable,  but  more 
readily  exhausted  habit  of  body,  require  more  sleep.  In  youth  sleep 
is  longer,  and  is  more  indispensably  requisite,  than  in  old  age.  This 
difference  seems  to  depend  on  the  greater  predominance  of  the  nutritive 
organic  functions  in  youth.  Hence  the  greater  length  of  time  passed  in 
sleep  by  the  new-born  infant.  This  disposition  to  sleep  is  constant  in 
the  child  as  long  as  the  organising  action  finds  material  in  new  nutritive 
matter  supplied  by  food:  and  the  child  awakes  when  it  requires  nourish- 
ment. In  the  adult,  also,  abundant  food  induces  sleepiness,  partly  by 
giving  increased  activity  to  the  organic  functions,  and  thereby  disturbing 
the  reaction  of  the  animal  functions,  and  partly  by  the  pressure  which 
the  crude  and  imperfectly  assimilated  nutriment  newly  introduced  into 
the  blood  exerts  upon  the  brain.  As  causes  favouring  sleep,  we  must 
reckon  also  the  impressions  made  on  the  sensorium  by  general  stima- 
lants  of  the  skin,  as  friction  of  the  surface,  baths,  &c.,  and  the  effects 
produced  on  the  sensorium  from  within  by  sedative  and  narcotic  medi- 
cines. 
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SECTION  I. 

OF  HOMOGENEOUS  OR  NON-SEXtXAL   OENERATIOIT. 

CHAPTER  I. 
Of  the  multiplication  cf  organic  beings  in  the  process  of  growth* 

a.  In  Plants. — The  leaf  must  be  regarded  as  an  individual  organism, 
containing  in  '^essence''  or  << potentially'' all  that  is  comprehended  in 
our  notion  of  the  species  of  plant  to  which  it  belongs,  and  capable  of 
propagation  by  the  development  of  branches.  Almost  all  the  organs  of 
plants,  indeed,  are  leaves;  even  the  different  parts  of  the  flower  are 
shown  by  the  theory  of  the  metamorphosis  of  parts  to  be  leaves  modi- 
fied in  form  and  function.  On  the  other  hand,  however,  the  stem  itself, 
when  stripped  of  all  its  leaves  and  branches,  cannot  be  looked  upon  as 
an  aggregate  of  mere  imperfect  fragments  of  individuals.  In  this  trun- 
cated condition  the  stem  is  still  a  multiple  of  the  germ.  For  leaf-buds 
may  be  developed  and  sprout  even  from  a  stem  thus  truncated.  All 
these  facts,  therefore,.confirm  the  truth  of  the  proposition,  that  the  fully 
developed  plant  is  a  multiple  of  individual  plants, — a  compound  system 
of  individual  organisms,  the  essential  parts  of  which  are  certainly  con- 
tained in  the  leaves,  though  they  exist  also  in  the  stem  when  stripped 
of  its  leaves. 

b,  Jlnimals.-^rhe  power  of  multiplying  the  vital  force  resident  in 
the  germ  is  norpeculiar  to  plants^  Animals,  and  it  would  seem  all 
animals  without  exception,  possesTtne  same  property.  There  are  many 
instances  in  the  animal  kingdom  in  which  the  multiplication  of  indi- 
viduals in  the  process  of  growth  is  quite  as  distinct  as  in  vegetables;  but 
in  other  cases  it  can  be  proved  to  take  place  only  by  induction  from  a 
series  of  facts.  The  young  polype  developed  from  the  ovum  or  gem- 
mule  of  a  compound  polypiferous  animal  is  at  first  a  single  individual, 
actuated  by  a  single  independent  will.  But  in  proportion  as  this  young 
creature  appropriates  to  itself  new  matter  and  grows,  it  becomes  trans- 
formed into  a  multiple  system  of  individuals,  like  that  presented  by  a 
full-grown  plant,  and  is  then  evidently  regulated  in  its  movements  by 
many  distinct  centres  of  volition.  A  common  stem  unites  all  the  com- 
ponent simple  animals,  and  in  the  Sertularia  the  cavity  of  this  stem 
communicates  with  the  cavity  of  each  polype,  while  out  of  its  wall  new 
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polypes  sprout.  Those  compound  polypes  which  consist  of  a  mere 
aggregate  of  independent  simple  animals,  united  into  one  mass,  are  not 
referred  to  in  the  foregoing  description. 

We  now  proceed  a  step  further,  and  find  animals  which  in  form  appear  perfectly 
simple,  and  have  only  one  directing  will,  but  nevertheless  are  systems  of  parts  endaed 
with  individual  life,  and  capable  of  propagating  the  form  and  organisation  of  the 
species.  In  these  animals  the  component  parts  or  segments  undergo  multiplication 
daring  the  process  of  growth,  and  a  certain  number  of  them  becoming  separated, 
whether  spontaneously  or  artificially,  preserve  the  faculty  of  individual  life.  The  paits 
thus  separated  were  for  a  time  subject  to  the  will  of  the  parent  animal,  and  in  that 
respect  were  mere  members  of  its  body;  but,  when  about  to  separate  themselves  from 
the  rest  of  the  system,  they  acquire  a  more  intimate  relation  to  each  other,  bepome 
actuated  by  a  distinct  will,  and  have,  as  it  were,  their  own  proper  centre  of  action, 
even  while  they  form  part  of  the  body  of  the  parent  worm.  At  length  they  beoome 
detached,  and  display  free  voluntary  motion.  The  young  individual  thns  prodooed 
consists  at  first  of  few  constituent  parts  or  members;  grows,  however,  by  the  appro- 
priation of  new  matter,  and  forms  another  compound  system  capable  of  dividing  spon- 
taneously or  of  being  divided  into  several  portions,  **  potentially**  endowed  with 
individual  life.  For  a  time  this  multiple  individual  is  subject  to  the  influence  of  a 
single  will,  and  is  only  so  faj  a  multiple  animal  as  the  parts  which  compose  it  have 
the  capability  of  becoming  independent  indivtdnals,  which  as  yet  they  are  not  ^de 
facto.'*  Subsequently,  the  individual  parts,  though  still  unconnected,  are  actual  inde- 
pendent beings.  Many  Annelida  and  Entozoa  may,  indeed,  be  divided  artificially  into 
several  distinct  individuals,  and  are,  therefore,  not  really  simple  animals,  but  systems 
of  parts,  each  of  which,  however  small  its  size,  contains  all  that  is  essential  to  the  idea 
of  an  independent  organism,  and  has  the  power  of  producing  an  organism  of  the  same 
species. 

The  question  here  presents  itself:  how  small  a  portion  of  an  organic  body  nmy 
eontain  the  force  necessary  for  the  reproduction  of  the  speeiesT  In  the  higher  animals 
which  propagate  only  by  sexual  generation,  this  force  resides  only  in  the  germs  of  the 
ova,  which  are  large  cells  containing  the  V*  germinal  vesicle,'*  and  its  nucleus,  or  the 
**  germinal  spot**  of  Wagner;  while  all  otl^r  parts  of  their  body,  however  large  or 
small,  are  destitute  of  the  reproductive  power.  In  those  plants  and  animala  whieh 
propagate  their  species  by  buds  or  sprouts,  the  germ  consists  of  a  mass  of  cells  whiek 
may  be  produced  at  almost  any  part  of  the  body  of  the  parent.  In  some  of  the  lower 
animals  the  same  reproductive  power  is  possessed  by  every  aggregate  of  organic  ele- 
mentary parts,  that  is  of  such  elementary  parts  as  were  originally  developed  from 
similar  cells,  but  which  subsequently  have  acquired  the  form  and  properties  of  rous- 
oular  and  nervous  fibres,  and  of  fibres  of  cellular  tissue,  &c.  In  the  lowest  organic 
beings  the  power  of  producing  new  individuals  is  not  merely  manifested  by  separate 
portions  of  most  parts  of  the  body,  but  in  some  cases  subdivision,  even  into  the  ulti- 
mate particles  of  the  organism,  does  not  destroy  this  power:  isolated  elementary  par- 
ticles are  adequate  to  the  propagation  of  the  species.  In  plants,  generally,  all  the 
tissues  are  produced  from  cells;  but  there  are  plants  in  which  any  single  cell,  sepa- 
rated from  the  rest  of  the  organism,  suffices  for  the  reproduction  of  the  entire  plant,  if 
nutritive  matter  be  supplied.  We  have  examples  of  this  in  the  filiform  fungi,  such  as 
the  fungus  of  mould  and  the  vegetable,  which,  according  to  the  observations  of  Cag- 
niard  Latour  and  Schwann,  forms  the  active  part  of  yeast,  and  the  growth  of  which 
in  large  quantity  gives  rise  to  the  fermentation  of  saccharine  liquors.  This  fungus  of 
yeast  consists  of  cells  arranged  in  simple  or  branched  threads;  and  it  grows  by  some 
of  the  cells  developing  upon  their  free  surface  a  small  prominence  which  becomes  a 
young  cell.  This  young  cell  soon  attains  the  perfect  size,  but  has  scarcely  reached 
its  full  development  before  it,  in  its  turn,  begins  to  put  forth  a  bud,  which  is  the 
germ  of  the  next  cell.  Single  cells  of  this  kind  also  separate  themselves  from  the 
threads  of  which  they  formed  part,  and  still  in  the  isolated  state  form  new  cells  by 
the  process  of  budding,  and  thus  propagate  their  species.  All  this  process  takes  place 
so  rapidly,  that  its  different  steps  may  be  watched  by  means  of  the  microscope. 
{Poggendorf^s  Jnnalen,  xli.  p.  184.)  The  same  phenomena  are  presented  by  all  the 
simple  fungi.  The  dust-like  powder  of  the  fungus  so  destructive  to  silkworms,  the 
muscardine,  is  composed  of  cells  endowed  with  the  power  of  reproducing  plants  of 
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the  same  species;  henee  we  may  easily  conceive  that  a  single  ^in  or  cell  of  this 
powder,  introduced  into  a  brood  of  silk  worms,  may  cause  their  entire  destruction* 
(See  AudtnUn^  Annai,  de»  Sciene.  Nat,  1837.) 


CHAPTER  II. 

OF    THE    MULTIPLICATION    OP   INDIVIDUALS   BY  THE   DIVISION   OF   FBH- 
PECTLT  DEVELOPED  ORGANISMS. — PISSIPAROUS  GENERATION. 

Since  organic  beings  in  the  fully  developed  condition  are  virtually 
multiples  of  the  germ  which  produced  them,  they  are  capable  of  multi- 
plication by  mere  division,  without  the  formation  of  new  germs.  This 
fissiparous  generation  is  observed  in  animals  quite  incapable  of  the  de- 
velopment of  buds  or  "gemmae.**  It  may  be  the  result  either  of  the 
artificial  interruption  of  contact  and  organic  reaction  between  the  dif- 
ferent parts  of  a  body,  or  of  spontaneous  division.  In  either  case  the 
separation  may  be  complete,  or  only  incomplete.  When  it  is  incom- 
plete, the  organic  being  appears  as  a  compound  or  multiple  system, 
the  independent  individuals  of  which  are  stilt  connected  by  a  common 
stem. 

1.  Artificial  fimpar9u»  generalion.^^The  increase  of  organic  beings  by  spontanecms 
diTision,  which  occurs  for  the  most  part  only  in  the  animal  kingdom,  is  a  less  easy 
process  than  the  multiplication  by  artificial  division.  Artificial  division  produces  ab- 
solute interruption  of  continuity  between  parts  which  have  already  undergone  perfect 
organisation,  and  at  the  same  time  are  equally  endowed  with  vital  force;  and  it  thereby 
causes  the  force  resident  in  each  part  to  assume  an  active  state,  so  as  to  produce  a 
new  organism.  Polypes,  therefore,  may  be  divided  in  any  direction,  and  the  separated 
portions  will  develope  new  individuals.  While,  on  the  contrary,  spontaneous  divisioa 
always  takes  place  in  certain  determinate  directions,  in  which  it  is  productive  of  the 
least  disturbance  of  the  internal  organisation. 

Multiplication  of  all  plants,  and  of  many  of  the  lower  animals,  msy  be  effected  by 
artificial  division.  Branches,  twigs,  or  sprouts,  separated  from  a  tree,  are  organisms 
which  continue  to  live  and  maintain  the  species,  when  they  are  either  planted  in  the 
ground  or  engrafted  upon  another  plant.  These  cannot,  however,  be  properly  adduced 
ss  examples  of  true  multiplication  by  division,  effected  independently  of  previously 
formed  buds;  for  cuttings  of  plants  are  generally  provided  with  fully-formed  l«u- 
bods. 

Multiplication  by  artificial  division  in  animals  is  most  likely  to  be  suc- 
cessful when  the  organism  consists  of  a  succession  of  parts  of  similar 
structure,  the  number  of  which  increases  during  growth.  Annelida  and 
Entozoa,  for  example,  have  this  conformation,  and  transverse  sections 
divide  them  into  segments,  each  of  which  still  contaitis  similar  though 
shortened  portions  of  the  nervous  system,  blood-vessels  and  intestinal 
canal. 

3.  Natural  or  wponUmemffimpanw  generation, — Spontaneous  division  takes  place, 
for  the  most  part,  either  transversely  or  longitudinally,  or  in  both  directions  at  the 
same  time.  It  is  only  in  animals  that  this  mode  of  generation  occurs  to  any  extent* 
and  hence  it  has  been  employed,  together  with  other  characters,  by  Bhrenberg  as  a 
means  of  determining  in  doubtful  cases  whether  simple  organic  beings  belonged  to 
the  animal  or  to  the  vegetable  kingdom.  Fissiparons  generation  is  a  very  common 
mode  of  multiplication  amongst  the  infusoria,  though  they  also  propagate  by  ova. 
Sometimes  the  gemmiparoas  mode  of  generation  also  is  observed  in  the  same  genera. 
The  higher  animals  never  multiply  by  spontaneous  division;  and  even  the  Rotatoria 
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present  no  instance  of  it,  though  it  oconrt  again  in  the  Annelida.  The  complexity  of 
the  prooesa  must  be  greater  in  proportion  as  the  org^isation  of  the  animal  is  mane 
complex,  as  there  is  Jess  repetition  of  similar  organs  in  its  different  parts. 


CHAPTER  in. 

OF  THE  PKOPAOATION  OF  THE  SPECIES  BT  BUDS  OR  GEMMIPAROUS 

GENERATION. 

Ths  formation  of  buds  is  essentially  due  to  the  following  process: — A  portion  of  the 
substance  of  an  organised  being,  which  is  superfluous  for  its  individual  life,  separates 
itself  in  an  undeveloped  state  of  organisation  from  the  organism  of  that  being,  so  far 
as  to  assume  a  special  individuality  of  life,  without,  however,  losin?  its  organic  cod* 
section.    From  the  germ  thus  produced  the  special  organisatioD  of  me  species  is  sob* 
sequently  developed  in  the  form  of  a  new  individual,  which  may  either  retain  its 
organic  connection  with  the  parent  trunk  or  become  detached.    This  production  by  one 
living  individual  of  the  germ  of  a  new  living  individual,  presupposes  that  the  parent 
tranic  already  contained  within  itself  the  organic  foroe  for  several  beings,  and  was,  in 
fact,  a  virtual  **  multiplum.*'    The  process  of  the  formation  of  buds,  though  a  variety 
of  imperfect  spontaneous  division,  differs  from  the  true  fiasi  parous  mode  of  generation. 
For,  in  the  latter  process,  the  perfectly  developed  organism  divides  into  two,  or  more* 
perfectly  organised  segments.    Here,  therefore,  the  entire  production  of  a  special 
structure  in  the  separated  parts  is  not  required,  since  the  special  organisation  already 
exists,  and  only  needs  such  changes  as  will  restore  to  integrity  the  parts  involved  by 
the  line  of  division;  while,  in  the  process  of  the  formation  of  buds,  the  new  individual 
represented  by  the  bud  is  not  perfectly  organised,  but  is  merely  endowed  with  the 
power  of  developing  a  perfect  organism.    The  bod  of  a  plant  is,  therefore,  to  use  the 
words  of  C.  Fr.  Wolff,  the  *'  simple  plant,"  and  the  bud  put  forth  by  an  animal,  the 
**  simple  animal."    A  bud  originally  consists  merely  of  the  primary  elements  of  all 
organisation,  namely,  cells,  and  contains  even  these  in  proportionally  small  number. 
The  buds  of  plants  are  masses  of  ordinary  vegetable  cells.    The  yessels  of  the  parent 
plant  have  not  the  least  share  in  the  formation  of  the  original  bod,  and  have  no  connec- 
tion with  it  until  a  later  period.    The  bud  appears  in  fact  originally  to  be  a  mere  pro- 
longation of  the  cellular  tissue  of  the  pith,  as  Duhame1,Treviranus,  Meyen,  and  others 
state.     It  is  not  separated  from  the  pith  of  the  mother  plant  by  any  septum;  merely 
cells  of  smaller  size  being  interposed  between  them.     (See  JVeviranus^  Physiologit 
der  Gewdchse^  b.  ii.  p.  630.)     Usually  the  buds  of  plants  are  developed  upon  the  parent 
stock,  but  sometimes  they  fall  off  and  are  developed  separately,  as  in  the  cases  of  some 
monocotyledonous  and  dicotyledonous  plants  and  the  Hepaticie. 

The  ovum  is  distinguished  from  the  bud  not  only  by  the  circumstance  of  sexual 
influence  being  necessary  for  its  development,  but  also  by  its  inability  to  undergo 
further  evolution  while  forming  part  of  the  parent  organism,  and  by  its  being  insulated 
from  the  parent  plant  by  distinct  membranes.  The  spores,  developed  independently 
of  sexual  intercourse  by  many  of  the  more  simple  plants,  cannot  be  regarded  as  germs 
of  ova. 

1.  Of  the  formation  of  ^^buds^^  or  ^^gemmx^^  in  plants, 

€U  Buds  of  the  inferior  or  non-vascular  plants. — The  buds  of  the  plants 
of  low  orgaiiisatiou  consist  partly  of  aggregates  of  cellSy  partly  of  single 
ceils. 

6.  Buds  nf  the  more  hi frhfy  or ganisid  vascular  plants, — Axillary  and  Terminal  buds. 
—The  buds  (leaf-buds)  of  the  higher  plants  are  either  formed  in  the  axes  of  leaves,  or 
at  the  extremity  of  the  stalk  or  stem.  The  leaf-like  structures  which  sometimes 
appear  as  scales  enveloping  the  apex  of  the  axis  of  the  bud  or  the  embryonic  nucleus 
of  the  future  axis,  may  be  absent,  in  which  case  the  nucleus  of  the  bud  is  naked. 
This  body  is  formed  of  cells  which,  by  spontaneous  development,  become  the  new 


9EXT7AL  GENERATIOH.  81ft 

sprout.  The  cellular  pith  of  the  stem  of  the  plant  is  continnoua  with  the  eellalar 
nucleus  of  the  axillary  and  terminal  buds.  The  deTelopment  of  the  special  organissp 
tion  of  the  plants  from  the  cells  of  the  existing  buds  is  always  attended  with  the  forma- 
tion of  new  buds  for  the  next  period  of  vegetation.  (See  Meyen^  Pflanztn-^hynologit^ 
b.  iii.  pp.  5,  7.)  In  the  production  of  the  special  structure  of  the  species,  therefore, 
something  in  addition  is  always  generated,  which  does  not  form  a  component  element 
of  the  present  organism,  but  contains  the  organic  force  for  future  Tegetation. 

2.  Of  the  gemmiparous  generation  of  animals. — In  the  animal  kingdom^ 
the  propagation  by  the  formation  of  gemmae  or  buds  is  met  with  to  the 
greatest  extent  in  the  class  Polypifera,  and  less  frequently  in  the  Infuso- 
ria; for  example,  in  the  Vorticellinx.  Sars  observed  its  occurrence  in 
Cytais  and  other  of  the  Acalephae.  Of  the  Entozoa  the  order  Cystica 
alone  presents  examples  of  this  mode  of  propagation.  In  CcDnuruSy  the 
vesicles  which  bear  the  numerous  heads  are  at  the  same  time  germ- 
stocks,  upon  which  the  new  individuals  are  developed  as  buds.  In 
Echinococcus,  the  parent  animals  take  the  form  of  vesicles,  on  the  inner 
or  outer  surface  of  which  new  individuals  are  developed,  and  to  which 
they  are  for  a  time  connected  by  a  thin  filament;  but,  subsequently,  the 
young  ones  become  free.*  Hence  the  old  Echinococci  have  the  form 
of  vesicles  containing  other  vesicles,  and  have  been  incorrectly  called 
acephalocysts. 


sExrrioN  II. 

OF   SEXUAL   GENERATION* 

CHAPTER  I. 
Of  the  Sexes. 

In  sexual  generation  the  germs,  though  endowed  with  the  power  of 
propagating  the  distinctive  properties  of  the  genus  and  species,  and 
even  of  the  individual,  are  incapable  of  undergoing  their  destined  < 
organisation  until  they  are  acted  on  by  another  substance  allied  to  them, 
though  distinct  in  its  nature  from  them,  namely,  the  semen.  The 
semen  itself  also  propagates  the  peculiarities  of  the  genus,  species,  and 
individual,  but  only  by  means  of  its  influence  upon  the  ovum,  which  is 
the  immediate  seat  of  all  the  changes  attendant  upon  the  production  of 
a  new  individual. 

The  semen  and  ova  are  sometimes  generated  in  different  individuals, 
in  which  case  fecundation  is  effected  by  the  concurrence  of  the  two 
sexes,  or  by  the  contact  of  the  semen  of  the  one  sex  with  the  isolated 
ova  of  the  other,  brought  together  artificially  out  of  the  body.  Some- 
times both  semen  and  ova  are  formed  in  different  organs  of  the  same 
individual,  which  is  the  case  in  all  hermaphrodite  plants  and  animals. 
Dualism  of  the  sex,  therefore,  does  not  necessarily  involve  dualism  of 

•  See  J.  Muller,  in  MuIIer's  Archie.  1836.  Jahresb.  CVIL  Von  Seibold  in  fior- 
dach'a  Physiologic,  b.  ii.  dto.    Anflage. 
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4be  individuals;  on  the  contrary,  sexual  generation,  as  well  as  multipli- 
cation by  buds  and  division,  may  be  effected  in  a  single  individual. 

The  individuals  of  the  two  sexes  in  each  species  of  animal  are  gene* 
rally  distinguished  by  peculiarities  of  form,  and  often  also  by  peculiar 
colours,  or  even  by  difference  of  size.  Sometimes  the  female  is  larger, 
occasionally  even  to  an  extraordinary  degree  larger  than  the  male,  as  is 
the  case  for  example  in  the  genus  Lernaea,  where  the  tiny  male  remains 
through  its  entire  existence  fixed  over  the  orifice  of  the  sexual  organs 
of  the  female.  (See  Nordmann^  Microgr.  Beitnige.)  In  other  in- 
4Stances,  as  in  many  birds,  the  male  excels  the  female  both  in  his  size, 
strength,  and  beauty  of  his  markings/  The  most  important  differences, 
however,  between  the  two  sexes  are  those  evinced  in  their  instiucts, 
which  are  more  constant  than  the  differences  of  form.  The  female  is 
entrusted  with  the  protection  of  the  offspring,  and  for  this  purpose 
dreamlike  incentives  to  action,  or  instincts,  arise  in  her  sensorium.  As 
soon  as  the  egg  is  laid  and  seen,  the  female  bird  feels  an  instinctive 
attachment  to  it,  and  never  leaves  it  except  for  short  periods.  The 
females  of  mammalia  have  the  same  maternal  instinct  after  the  birth  of 
4he  offspring.  The  young  animal  seems  to  form  part  of  its  mother,  who 
protects  and  defends  it  in  all  dangers.  The  entire  or  principal  care  of 
the  young  belongs  for  the  most  part  to  the  female;  and  the  case  of  the 
^ale  Alytes  obstetricians,  which  bears  the  ova  upon  its  feet,  is  a  rare 
•exception. 

The  male  of  the  human  species  is  of  larger  proportions,  stronger 
build,  and  more  marked  outline  than  the  female;  has  respiratory  and 
▼ocal  organs  of  larger  dimensions;  is  less  easily  affected  by  external 
impressions;  and  is  in  every  respect  not  only  physically  but  also  morally 
of  greater  strength.  He  yields  less  easily  to  pleasant  and  unpleasant  or 
painful  feelings,  is  more  energetic  and  constant  in  his  efforts  and  desires, 
and  more  courageous;  but  he  is  also  more  selfish,  and  more  ambitious 
of  honour  and  fame.  He  excels  the  woman  in  capacity  for  all  intellec- 
tual labours  and  in  fruitfulness  of  mind;  and  is  more  cautious,  systematic, 
and  reserved  in  his  intercourse  with  his  fellow-men,  more  difficult  to 
turn,  and  more  haughty;  but  at  the  same  time  more  upright  and  mag- 
*  nanimons.  The  field  of  his  activity  lies  in  the  intercourse  and  contest 
of  human  faculties, — in  the  relations  of  society. 

The  woman,  more  delicately  formed,  is  weaker  both  in  body  and  in 
the  faculties  of  the  mind  than  the  man;  she  is  more  excitable  and  sen- 
sitive, more  timid  and  pliant,  more  superstitious,  more  vain,  more  ex- 
cited by  feelings  of  pleasure  and  disgust,  and  less  so  by  desires.  She  is 
gifted  with  finer  feelings  of  propriety  and  adaptation,  and  with  a  lively 
imagination;  but  is  without  the  creative  power  and  the  clearness  of 
intellect  of  the  man;  while,  on  the  other  hand,  the  reproductive  power 
of  lier  body  is  greater.  Friendship  towards  her  own  sex  is  rare  in 
woman,  but  her  love  for  her  husband  and  children  is  proportionately 
strong;  so  that  her  whole  mind  may  be  occupied  by  those  feelings. 
Moreover,  woman  is  distinguished  by  her  modesty,  meekness,  patience, 

*  For  an  account  of  the  varieties  presented  by  the  animal  kingdom  in  this  respect, 
coHRuli  Rudolphi's  BeitrajEfe  zur  Anthropologie.  A  complete  history  of  the  phenomena 
of  the  sexes  will  be  found  io  Burdach's  Physiologie,  bd.  i. 
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and  amiability;  by  her  readiness  to  sacrifice  her  own  good  and  herself 
for  the  sake  of  others;  by  her  tenderness,  sympathising  disposition,  and 
piety.  The  field  of  her  activity  is  her  home  and  family.  (Compare 
JSudolphiy  Physiologies  bd.  i.  p.  259.) 

We  have  already  seen  how  the  male  and  female  reprodacttve  sahstances,  the  semen 
and  ovom,  difier  from  the  bad  or  g;emma.  The  former,  like  the  bad,  have  the  facultr 
of  reprodacing  the  form  of  the  parent  organism;  the  semen,  namely,  gives  the  iodi- 
TJdual  peculiarities  of  the  male,  and  the  ovum  those  of  the  female.  Unlike  the  germ 
of  bads  or  gemms,  however,  both  the  ovum  and  the  semen  are  imperfect,  inasmuch 
as  neither  can  manifest  the  reproductive  power  until  it  is  united  with  the  other.  In 
hermaphrodite  animals  the  two  imperfect  substances  which  are  thus  complementary 
of  each  other  are  formed  in  the  same  organism;  in  animals  with  distinct  sexes  they  aro 
formed  in  different  individuals,  and  these  individuals  of  different  sexes,  though  perfect 
in  all  the  characteristics  of  the  species,  yet  are  in  respect  of  the  reproductive  power 
both  imperfect,  and  therefore  seek  each  other,  as  it  were  for  the  purpose  of  supplying 
the  deficiency.  This  fact  is  represented  figuratively  in  the  ^^^anquet^*  of  Plato  b7 
the  fable  of  the  two  halves  of  a  human  body. 


CHAPTER  II. 

OF  THE   SEXUAL   ORGANS. 

Thi  sexual  organs  consist,  in  both  sexes,  of  a  formative  organ,  the  testis  or  the 
ovary,  and  of  an  efferent  organ,  the  oviduct,  or  the  vas  deferens.  In  the  female  effer- 
ent organ,  the  ovum  in  its  passage  from  the  ovary  generally  becomes  invested  by  some 
new  secretions,  which  are  either  destined  to  serve  as  nutriment,  or  to  form  a  shell.  In 
many  animals  one  part  of  the  oviduct  also  forms  the  receptacle  for  the  ovum  during 
Its  development,  and  is  called  the  uterus.  A  uterus  in  this  sense  exists  in  the  vivi- 
parous genera  of  Fishes,  Amphibia,  and  Mammalia,  as  well  as  in  Man.  The  secre- 
tion of  the  testes  also  in  its  course  to  the  exterior  of  the  body  becomes,  in  many  cases, 
mixed  with  other  secretions,  which  are  poured  out  by  accessory  secreting  organs  con- 
nected with  the  male  efferent  organ.  In  those  animals  in  which  the  two  sexes  are 
distinct,  but  in  which  impregnation  is  effected  internally,  there  are  superadded  at  the 
orifice  of  the  efferent  apparatus  the  organs  of  sexual  connection.  The  essential  sexual 
organs,  however,  which  are  universally  present,  are  the  formative  organ  and  the  effer- 
ent apparatus.  The  sexual  organs  of  both  sexes  present  two  perfectly  distinct  types, 
which  are  characterisod  by  the  relation  which  the  formative  and  efferent  organs  bear 
to  each  other.  In  one  type  the  efferent  organ  has  the  place  of  a  true  efferent  duct,  its 
walls  being  continuous  with  those  of  the  cavities  of  the  formative  organ;  in  the  other, 
the  two  essential  parts  of  the  sexual  organs  are  wholly  unconnected,  and  the  ovum, 
or  semen,  first  makes  its  way  through  the  parietes  of  the  formative  organ  into  the  ab- 
dominal cavity,  and  escapes  thence  by  a  special  canal.  The  product  of  the  formative 
organ  may  in  this  case  either  fall  free  into  the  abdominal  cavity  before  making  its 
way  out  by  the  efferent  canal,  or  it  may  be  at  once  received  from  the  ovary  or  testis 
into  the  open  end  of  the  tube  which  is  m  the  neighbourhood. 


CHAPTER  III. 


OF   THE    UNIMPREGNATED  OVUM. 


Our  knowledge  concerniDg  the  unimpregnatcd  ovum  has  beea 
brought  to  its  present  state  by  the  labours  of  modern  anatomists,  par* 
ticularly  by  the  exertions  of  Purkinje,  Von  Baer,  R.  Wagner,  Coste 
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and  Valentin.  So  successful  has  been  their  study  of  this  subject/that 
in  it,  as  in  all  the  most  perfect  parts  of  science,  the  numerous  hidividuai 
facts  can  now  be  referred  to  simple  laws.* 

In  many  invertebrate  animals,  the  ova  are  developed  in  the  interior  of  cecal  tabetf 
in  which  they  are  not  surrounded  on  all  sides  by  organised  tissues,  so  as  to  be  sepa- 
rated from  each  other;  but  in  many  other  of  the  Invertebrata,and  in  all  the  Vertebrata, 
they  are  formed  within  the  cells  of  the  ovary.  These  cells  are  invested  singly  by 
numerous  blood-vessels,  and  are  united  together  by  a  fibrous  substance  of  a  greater  or 
less  degree  of  firmness,  called  the  airoma.  When  the  ova  lie  in  insalated  cavities  of 
the  ovary,  the  wall  of  these  cavities,  formed  of  the  condensed  stroma,  is  called  the 
capsule  or  theca.  The  following  essential  parts  may  be  distinguished  io  the  ova  of 
invertebrate  animals,  fishes.  Amphibia,  reptiles,  and  birds,— even  in  those  of  the 
smallest  size: 

1.  The  capsule  of  the  ovum,  ovicapauU,  which  is  in  some  cases,  as  in  many 
Invertebrata,  insulated  from  the  proper  tissue  of  the  ovary,  and  may  even  escape 
with  the  ovum;  but  which  in  otlier  instances,  as  in  the  oviparous  Vertebrata,  coa- 
lesces with  the  theca  of  the  ovary,  forming  there  what  is  termed  the  calyx.  On  the 
side  directed  from  the  ovary  the  calyx  is  often  thin,  but  thicker  on  the  side  next  to  the 
ovum,  to  which  it  is  connected  merely  by  a  pedicle.  The  thin  side  of  the  calyx  in 
the  ovary  of  the  bird  often  presents  a  white  band  of  an  arched  form,  and  distingaisbed 
from  the  rest  of  the  calyx  by  the  absence  of  blood-vessels.  This  band,  the  atignu^ 
indicates  the  situation  at  which  the  dehiscence  of  the  calyx  will  subsequently  take 
place  to  allow  the  escape  of  the  ovum.  Schwann  has  observed  a  circnmstanee 
which  is  worthy  of  remark,  as  aiding  in  identifying  the  capsule  of  the  ovum  of 
different  classes, — namely,  that  a  stratum  of  epithelium  cells  exists  on  the  inner 
surface  of  the  ovicapsule  in  fishes,  and  also  on  the  inner  surface  of  the  Graafian  eett* 
tlu  or  capsules  of  the  ova  of  Mammalia.  Both  Jones  and  Barry,  with  justice,  regard 
the  ovicapsules  of  oviparous  animals  as  identical  with  the  Graafian  follicles  of  mW* 
aalta. 

3.  Within  the  ovicapsule  lies  the  yolk^  surrounded  by  the  viteUint  membrofie.  This 
membrane  is  at  first  in  close  contact  with  the  capsule,  but  subsequently  becomes 
separated  from  it  in  many  animals  by  a  tolerably  large  interval.  The  granules  of  the 
yolk  are  found  by  Schwann  to  be  cells  containing  a  finely  granular  matter  and  oil 
globules. 

3.  In  the  substance  of  the  yolk  is  imbedded  the  vesicle  of  Purldnje,  or  vesicnla 
germinativa.  This  vesicle  is  of  greatest  relative  size  in  the  smallest  ova,  and  is  in 
them  surrounded  closely  by  the  yolk,  nearly  in  the  centre  of  which  it  lies.  During 
the  devclopmpnt  of  the  ovum,  the  perniinal  vesicle  increases  in  size  much  less 
rapidly  than  the  yolk,  and  comes  to  be  ))laced  near  to  its  surface.  Ovula  and 
germinal  vesicles  can  frequently  be  detected  in  the  ovaries  of  the  fully  developed 
embryo, 

4.  The  germinal  vesicle  contains  a  transparent  fluid,  and  in  addition  to  this,  the 
germinal  t^pot,  macula  germinativa,  or  nucleus  germinativus  of  R.  Wagner.     This 

*  The  following  are  the  most  important  works  on  this  subject: — Pnrkinje,  Symbols 
ad  ovi  avium  historiam  ante  incuhationem,  Lips.  1830;  and  Encyclop.  Wurterbuch 
der  medic.  Wissenseh.  Art.  Ki.  Von  13aer,  I)e  ovi  mammaliuni  et  honiinis  genesi. 
Lips,  18*27.  Coste,  Kecherches  sur  la  generation  des  Manimiferes,  Paris,  1831.  Bern- 
hardt (et  Valentin),  Symbolae  ad  ovi  mammalium  historiam  ante  iniprsurnntionem, 
Vratislav,  1834.  Valentm.  Entwickelungs-gesohichte,  Berlin,  1835.  K.  Wag^ner, 
Miiller^s  Archiv.  1835,  p.  373;  Prodromus  historiae  generationis  homirtis  atque  mam- 
malium. Lips.  1836;  Ahhandl.  der  K.  Baiersch.  Acad.  1837,  p.  2;  and  Lehrhiich  der 
Physiologie,  Icones  Physiologicap,  Leipz.  1839.  Krause  in  Miiller's  Archiv.  1837, 
p.  2().  Carus,  ibid.  1837,  p.  442.  Jones,  London  Med.  Gazette,  1838,  p.  680. 
Schwann,  Mikroskop.  Untersuch.  Barry,  Philos.  Transact.  1838  [and  1h39];  and 
Edinburgh  Philos.  Journal,  IH39.  The  best  figures  of  the  ova  of  Invertebrata  given 
by  tlie  older  writers  are  those  of  Poll,  Goeze,  Delia  Chiaje,  and  O.  Fr,  Muller.  The 
ova  of  fishes  had  been  best  shown  by  Cavolini,  Erzeugung  der  Fische  und  Krehse, 
tab.  i.  fig.  4;  and  Sonnini,  Hist.  Nat.  des  Poissons,  t.  ii.  tab.  iii.  fig.  4.  The  structure 
of  the  ova  is  correctly  indicated,  though  it  was  not  understood  by  these  writers. 
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genninal  spot  consists  of  one  or  more  somewhat  opaqae  corpuscles,  and  is  possibly 
the  analogue  of  the  nucleus  of  formative  ceils.  It  is  simple  in  the  germinal  vesicle 
of  the  human  subject,  of  Mammalia,  birds,  reptiles,  and  many  Invertebrata,  and  is 
recognisable  even  in  tlie  ova  which  are  least  advanced  in  development.  In  Amphibia, 
the  osseous  fishes,  and  several  invertebrate  animals,  the  germinal  spot  is  multiple, 
▲s  the  ova  advance  in  development  granular  matter  is  deposited  on  the  inner  surface 
of  the  germinal  vesicle,  and  renders  the  germinal  spot  or  spots  indistinct,  and  some- 
times even  invisible.  In  some  of  the  Invertebrata  the  germinal  spot  itself  seemed  to 
Wagner  to  have  a  special  investing  membrane. 

The  ova  of  mammalia  and  the  human  subject  find  the  nutriment  necessary  for  the 
development  of  the  embryo  in  the  uterus.  Hence  the  extremely  small  quantity  of 
yolk  wiih  which  they  leave  the  ovary,  and  their  minute  sixe;  their  diameter,  in  their 
most  perfect  condition,  being  scarcely  so  much  as  one-tenth  of  a  line.  In  their  rela- 
tion to  the  ovary,  also,  they  differ  in  many  particulars  from  the  ova  of  oviparous 
animals.  Owing  to  their  extreme  minuteness,  the  ovula  of  man  and  mammiferous 
animals  for  a  long  time  escaped  observation.  Prevost  and  Dumas  had  remarked,  that 
the  ova  found  in  the  oviducts  of  animals,  shortly  after  impregnation  had  taken  place, 
were  much  smaller  than  the  follicles  of  Graaf;  and  in  two  instancf.s  they  actually 
saw  the  ovulum  within  the  Graafian  follicle,  but  they  did  not  pursue  the  subject  any 
farther.  The  merit  of  discovering  the  ovulum  of  mammiferous  animals  and  man 
Teally  belongs  to  Von  Baer. 

The  vesicles  or  follicles  of  Graaf,  or  the  ovicapsules  which  contain  the  ovula  of 
mammals  and  the  human  subject,  are  connected  together  by  a  very  firm  stroma, 
which,  with  them,  constitutes  the  ovary.  They  are  but  slightly  prominent  above  the 
surface  of  the  ovary  in  most  Mammalia,  but  in  the  Omithorynchus  are  raised  on  pedi- 
cles as  in  birds*  Each  capsule  is  formed  of  two  membranes,  the  more  internal  of 
which  is  like  the  ovicapsule  of  oviparous  animals,  lined  with  epithelium  (membrana 
granulosa  of  Daer).  The  ovulum  occupies  only  a  very  small  part  of  the  cavity  of  the 
Graafian  vesicle  or  capsule,  the  remainder  being  filled  with  an  albuminous  fiuid  in 
which  microscopic  granules  float.  In  immature  capsules  the  ovulum  is  proportion- 
ally larger  and  lies  more  nearly  in  the  centre;  while  in  those  which  are  fully  formed 
it  is  placed  close  to  the  inner  wall  of  the  capsule,  embedded  in  a  granular  zone.  In 
both  conditions,  however,  according  to  Barry,  the  ovulum  is  attached  to  the  parietes 
of  the  follicle  by  peculiar  granular  bands  or  retiruuuia.  In  order  to  examine  an  ovu- 
lum, one  of  the  Graafian  vesicles,  it  matters  not  whether  it  be  of  small  size  or  arrived 
at  maturity,  should  be  pricked  and  the  contained  fluid  received  upon  a  piece  of  glass. 
The  ovulum  then  being  found  in  the  midst  of  the  fluid,  by  means  of  a  simple  lens, 
should  be  placed  under  the  compound  microscope.  Owing  to  its  globular  form,  how- 
ever, its  structure  cannot  be  seen  until  it  is  subjected  to  gentle  pressure  under  a 
second  thin  lamina  of  glass,  or  by  mesns  of  a  compressorium. 

The  external  investment  of  the  ovulum  is  a  thick  membrane,  which,  under  the 
microscope  appears  as  a  bright  ring  bounded  externally  and  internally  by  a  dark  out- 
line. This  membrane  is  called  by  Valentin  and  bernhardt,  zona  ptUtuida;  by  R. 
Wagner,  chorion.  The  anatomists  who  have  occupied  themselves  most  with  the  ex- 
amination of  this  part  of  the  ovulum,  are  dividrd  in  their  opinions  respecting  its 
nature.  According  to  Krause,  it  is  composed  of  an  albuminous  mass,  enclosrd  in  a 
delicate  membrane;  while  Wagner  and  BischofT  regard  it  as  a  simple  tunic,  because 
it  tears  with  a  uniform  margin.  Schwann  admits  that  such  is  the  character  of  its 
edge  when  torn,  but  nevertheless  inclines,  as  does  Dr.  Barry*  also,  to  Krause*s 
opinion. 

Within  this  transparent  investment  lies  the  yolk,  which  consists  of  granules  or  cells 
and  fat  globules.  This  subslsoce  forms  a  globular  mass  which  is  usually  in  close 
contact  with  the  inner  surface  of  the  investment  above  described.  But  sometimes  in 
ova,  which  have  attained  the  most  perfect  maturity,  an  interval  can  be  seen  between 
the  yolk  and  its  outer  tunic,  and  this  interval  is  rendered  greater  by  the  imbibition  of 

*  According  1o  Dr.  Barry,  the  zona  pellucida  is  a  solid  transparent  membrane.  lie  states, 
however,  that  internal  to  thii  there  in  a  much  thinner  membrane  (the  true  membrana  vitelli), 
which  cxiiftii  while  the  ovum  is  cuntaincd  in  tlie  ovary  but  diwippoart  by  liquefaction  in  (ho 
Faliopiiin  tube,  at  tlie  same  time  that  the  chorion  begms  to  be  formed.  Sec  Dr.  Barry*!  Re- 
searches on  £m bryology,  2d  icries,  p.  33*2,  333,  and  339. 
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water;  so  thnt  it  would  seem  probable  that  the  mass  of  yolk  is  invested  with  a  spedal 
membrane-like  layer  of  granules. 

For  a  long  period  after  the  existence  of  the  germinal  yesicle  in  the  ova  of  oviparoos 
«nimal8  was  generally  known,  it  remained  nndiscovered  in  the  ova  of  mammiferoos 
animals  and  man;  and  it  then  appeared  doubtful,  whether  the  orula  of  the  latter  aid- 
mals  should  not  be  regarded  as  analogous  to  the  germinal  vesicle  of  the  oviparous 
classes.  The  germinal  vesicle  of  the  ovulum  of  Mammalia  was  first  discovered  by 
Coste,  in  1834,  but  we  owe  the  most  accurate  information  respecting  it  to  the  researeliM 
of  Valentin  and  Bernhardt.  The  vesicle  is  of  largest  relative  size  in  the  least  advanced 
ovula.  Its  diameter  is  about  ^  of  a  line.  The  germinal  vesicle  can  be  seen  while 
yet  within  the  ovulum,  if  the  latter  be  flattened  by  cautious  pressure;  and  sometimes 
the  ovulum  may  by  the  same  means  be  ruptured,  so  as  to  allow  the  germinal  vesicle 
to  escape  uninjured.  Within  the  germinal  vesicle,  and  close  to  its  suKace,  is  the  ger- 
minal spot  of  Wa^er,  the  diameter  of  which  is  no  more  than  ^^^  or  ^Ijf  of  a  line. 
The  germinal  spot  is  somewhat  opaque,  the  rest  of  the  contents  of  the  Vesicle  transpa- 
fenl. 

The  discns  proligerus  does  not  exist  in  the  ovulum  of  Mammalia,  at  least  not  with 
its  characteristic  form.  But  R.  Wagner  imagines  that  its  place'  is  here  supplied  by 
tlie  continuous  layer  of  granules  which  surrounds  the  entire  yolk. 

According  to  CaruSy  all  the  essential  parts  of  the  ovulum  can  be  de- 
tected in  the  ovary  of  the  mature  embryo  of  the  human  sutyect,  or  of 
mammiferous  animals. 


CHAPTER  IV. 
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Great  as  are  the  advances  which  our  knowledge  of  the  oVum  and 
female  germ  has  made  during  the  last  few  years,  they  do  not  surpass 
those  by  which  our  acquaintance  with  the  fecundating  fluid  of  the  male 
has  arrived  at  its  present  state  of  perfection.  The  semen  has  beea 
made  the  subject  of  minute  investigation  by  many  anatomists^  but  with 
most  success  by  Wagner  and  Von  Siebold. 

The  ova  or  germs  of  the  female  are  formed  at  a  very  early  period, 
even  in  the  embryo;  but  the  semen  and  its  essential  elements  are  gene- 
rally not  present  until  the  time  of  sexual  maturity. 

The  semen  of  animals  is  a  thick  white  or  yellowish  white  fluid,  having  a  peculiar 
penetraiinir  smell.     It  becomes  more  transparent  when  exposed  to  the  air,  and  is  co- 


granules,  and  animalcules — the  sj)er- 
matozoa.  These  animalcules  are  found  both  in  the  vas  deferens  and  in  the  vesicule 
seminales.  The  fluid  of  the  semen  cannot  be  obtained  separate  from  its  other  com- 
ponents, and  consequently  its  peculiar  properties  cannot  be  ascertained.  The  granules 

*  ^iMogropAy.— Leeuwenhoek,  Anatoroia  seu  interioria  rerum.  Lugd.  Bat.  1687. 
Arcana  nature.  Delphis,  1695.  Epistolae  physiologies.  Delphis,  1719.  Gleichen, 
iiber  die  Samen  und  Infusions-thierchen.  Niirnberg,  1778.  Prevost  et  Dumas,  Ann. 
des  Sc.  Nat.  t.  i.  ii.  Czermack,  Beitrage  zur  Lehre  von  den  Spermatozoen.  Wien. 
1833.  Treviranus  in  Tiedemann's  Zeitschrift  fiir  Physiol.  V.  pi.  2.  Von  Siebold  in 
Miiller's  Archiv.  1836,  p.  232, 1837,  p.  381.  R.  Wagner  in  Abhandl.  der  K.  Baiersch. 
Acad.  2,  1837,  and  Miiller's  Archiv.  1836,  p.  225.  Valentin,  Reperior.  1836,  p.  277. 
Dujardin,  Ann.  des  Sc.  Nat.  t.  viii.  291,  297.  Donne,  L'institut.  1837,  206.  Ehren- 
berg.  Die  Infusions-lhierchen,  p.  464.  Valentin,  Nov.  Act.  nat.  cur.  t.  xix.  Hall- 
mann,  Miiller's  Archiv.  1840,  p.  467. 
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of  the  Bemen  are  deseribed  by  Wa^er  as  roand  bodies  finely  graniilated  on  their  tnr- 
face,  and  mea8urin|i[  from  ^^^  to  ^ }»  of  a  line  in  diameter;  they  mast  not  be  confounded 
with  the  particles  of  epithelium  which  are  8onM*times  mixed  with  the  semen.  Ths 
spermatozoa  which  were  discovered  by  a  student  at  Ley  den,  named  Ham,  and  first 
described  by  Leeuwenhoek,  have  different  forms  not  only  in  difTerent  classes  of  ani* 
Dials,  but  also  in  difierent  families,  genera  and  species.  Their  most  remarkable  varieties 
in  the  vertehrata  have  been  investigated  and  described  by  Wagner;  in  Ike  invertebrata, 
by  Von  Siebold. 

The  spermatozoa  of  the  human  subject  measure,  according  to  Wag- 
ner, from  ^  to  A  of  a  line  in  length;  their  oval  flattened  body  from  fim 
to  vb  of  a  line.  The  tail  is  at  its  commencement  so  thick  tliat  its  two 
borders  can  be  distinguished;  but  towards  its  free  extremity  it  becomes 
of  extreme  tenuity.  The  spermatozoa  of  most  Mammalia  are  of  the 
same  form  as  those  of  the  human  subject,  but  are  generally  larger,  espe- 
cially in  the  smallest  animals,  for  example,  in  those  of  the  mouse  kind; 
their  length  in  the  rat  being,  according  to  Wagtier,  i^th  of  a  line.  In 
monkeys  they  have  great  similarity  to  those  of  the  human  semen. 

With  the  organisation  of  the  spermatozoa  we  are  at  present  quite 
unacquainted,  and  it  has  hitherto  appeared  doubtful  whether  they  have 
an  animal  organisation.  Henle  and  Schwann  perceived  a  spot  in  the 
body  of  the  human  spermatic  animalcule,  which  called  to  mind  the 
sucker  of  the  Cerc^riee;  but  this  might  have  been  a  part,  bearing  the 
same  relation  to  the  body  of  the  animalcule  as  the  nucleus  does  to  the 
cell.  In  many  spermatozoa  there  is  sometimes  a  small  knot  in  the 
middle  of  the  tail  or  towards  its  end;  I  observed  this  knot  in  the  sper- 
matozoa of  Petromyzon  marinus,  but  in  most  of  the  animalcules  it 
was  absent.  Similar  knots  in  the  course  of  the  caiulal  filament  have 
been  observed  by  Meyen  in  the  spermatozoa  of  plants;  for  example^  in 
those  of  Charae.* 

The  movements  of  the  spermatozoa  resemble  in  their  characters  the 
volutitary  motions  of  animals.  They  consist  in  lashing,  undulating,  and 
vibrating  motions  of  the  tail.  Those  with  the  spirally-twisted  body 
have  a  corresponding  spiral  twisting  motion.  (See  fVagner^s  Phjf' 
siologie,  p.  15.)  In  order  to  see  their  motions  well,  it  is  necessary  to 
dilute  the  semen  with  serum  of  blood.  In  many  instances  these  motions 
of  the  spermatozoa  continue  during  many  hours  after  the  death  of  the 
animal  from  which  they  are  taken,  and  the  mode  of  its  death  has  no 
influence  upon  them. 

The  mode  of  development  of  the  spermatozoa  has  been  discovered  by  Wagner* 
Daring  the  winter  the  floid  of  the  testes  of  passerine  birds  contain  merely  small  gra- 
nules. In  the  spring  there  are  granules  of  variouH  forms,  and,  mingled  with  them, 
spermatozoa  united  in  fasciculi.  These  fasciculi  of  spermatozoa  are  at  first  enclosed 
in  very  delicate  vesicles  or  cells,  in  which  they  lie,  all  with  their  spirally-twisted  an- 
terior portions  or  bodies  together  at  one  end  of  the  fasciculus,  and  with  their  caudal 
extremities  at  the  other  end.  These  animalcules  In  the  testis  present  no  motion,  but 
in  the  vas  deferens  the  individual  animalcules  are  free  and  in  motion.  The  semen  of 
the  testis  contains,  besides  small  granular  globules,  large  vesicles,  including  one  or 
two  granular  globules,  and  similar  larger  vesicular  bodies,  enclosing  several  snch 
grranulated  globules.  These  vesicles  have  a  close  relation  to  the  development  of  the 
spermatozoa;  for  Wagner  observed  that  a  finely  granulated  matter  was  at  length  de- 

*  The  spermatozoa  which  present  the  most  evident  signs  of  organisation  are  those 
of  the  bear,  described  by  Valentin,  (Nov.  Act.  Nat.  Cur.  t.  xiz.)  They  appeared  to 
him  to  have  a  mouth,  an  anus,  and  stomachs  or  a  convoluted  intestine. 
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posited  between  the  globules  which  they  eontain;  that  these  globnies  then  dissppeared; 
snd  that  a  linear  arrangement  of  grranules  began  to  be  yisible,  which  at  length  aasamed 
distinctly  the  form  of  the  fasciculi  of  spermatoxoa  above  described.  The  process  of 
development  of  the  spermatic  animalcules  is  the  same,  according  to  Waprner*s  obser^ 
Tation,  in  frogs  and  Mammalia.  In  birds  the  spermatozoa  are  produced  anew  each 
jrear,  and  disappear  in  the  autumn.  In  Mammalia  their  formation  commences  at  an 
etrly  age;  in  rabbits  their  development  is  completed,  according  to  Wagner,  at  the 
third  month  after  birth;  in  cats  and  dogs  it  is  effected  much  later,  and  in  the  homaa 
subject  it  does  not  take  place  until  the  period  of  puberty.  These  important  observa- 
tions have  been  confirmed  by  Von  Siebold,  (MullerU  Jlrchiv,  1839,  p.  436,)  and  Vsf 
lentin,  {Repertorium^  1837,  p.  143,)  and  by  Dr.  Hallmann,  Muller't  Jrehiv.  1840,  p. 
467,)  who  has  observed  the  development  of  the  spermatozoa  in  the  ceils  of  the  testii 
of  ttie  ray. 

It  is  yet  a  question  which  cannot  be  answered  with  certainty,  whether 
the  spermatozoa  are  independent  parasitic  animals,  or  merely  animated 
particles  of  the  organism  in  which  they  exist.  Elirenberg  is  inclined  to 
regard  the  spermatozoa  as  distinct  animals,  and  places  them  with  the 
Cercaria  in  the  class  of  the  true  Entozoa.  Treviranus,  on  the  contrary, 
adopts  the  opposite  view,  and  compares  the  spermatozoa  to  the  grains 
of  pollen.  The  absence  of  spermatozoa  in  the  semen  of  some  animals, 
and  the  existence  of  perfectly  organised  animals  in  the  seminal  reser- 
voirs of  the  Sepia,*  are  circumstances  favourable  to  the  former  opinion: 
while,  on  the  other  hand,  the  absence  of  structure,  such  as  other  indivi- 
dual animal  organisms  possess,  in  the  body  of  the  spermatozoa;  their 
presence  in  nearly  all  animals,  and  reappearance  in  almost  the  same 
form  in  the  male  generative  organs  of  some  plants;  the  fact  of  their 
being  developed  in  a  uniform  manner  from  cells,  and  not  from  other 
spermatozoa;  and  the  analogy  which  may  be  perceived  to  subsist  be- 
tween them  and  other  organic  cells,  particularly  the  cells  bearing  cilia; 
are  all  circumstances  opposed  to  that  opinion.  The  spermatozoa  re- 
semble the  cells  bearing  cilia,  in  their  motions  continuing  after  they  are 
separated  from  the  parent  organism;  and  their  caudal  filaments  may  be 
compared  to  the  cilia,  while  the  nucleus  of  their  body  finds  its  analogue 
in  the  nucleus  of  the  ciliated  cells.  In  the  character  of  their  movements, 
however,  the  spermatozoa  do  not  at  all  resemble  the  cilia,  but  present 
much  more  resemblance  to  animals  moving  voluntarily. 

The  most  weighty  argument  against  the  special  and  individual  ani- 
mality  of  the  spermatozoa  is  their  close  connection  with  the  fecundat- 
ing property  of  the  semen.  Not  only  are  they  absent  from  the  semen 
of  many  animals,  and  particularly  of  birds,  except  at  the  pairing  time, 

•  See  the  account  of  these  bodies  piven  by  Cams  in  the  Nov.  Act.  Nat.  Cur.  t. 
xix.  p.  1;  also  Phllippi  in  Miiller*8  Archiv.  1839.  [Carus  imagined  that  these  bodies 
were  distinct  animals,  and  described  their  larcre  intestine,  small  intestine,  stomach, 
proventriciilus,  and  oesophag^us.  It  has,  however,  been  clearly  shown  by  Von  Siebold 
(Deitnige  zur  Naturgesohichte  der  Wirbellosen  Thiere,  Dantzig  1839),  that  Caros 
was  in  error,  and  that  the  original  description  given  by  Needham  was,  as  far  as  it 
went,  perfectly  correct.  They  are  really  capsules  containing  the  semen  of  the  Ce- 
phalopod.  The  spongy  mass,  believed  by  the  English  microsoopist  to  contain  the  semeD, 
IS,  according  to  Siebold,  composed  almost  entirely  of  spermatozoa,  which  have  an 
oblong  body,  and  long  thread-like  tail.  Needham's  observations  were  made  on  the 
Loligo;  Siebold^s  on  the  Cyclops.  Their  views  have  been  confirmed  by  Peten 
(Miiiler^s  Archiv.  1840,  p.  98),  and  by  Mr.  Owen  in  his  Lectures  at  the  Royal  CollegV 
of  Surgeons,  1840.     (See  Lancet,  May  14,  1840).] 
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but  their  development  is  imperfect  in  hybrid  animals,  which  are  gene- 
rally incapable  of  reproducing  their  kind,  or  at  most  pair  with  indivi- 
duals of  one  of  the  unmixed  species,  and  produce  forms  which  then 
return  to  the  original  fixed  type.  Hebenstreit,  Bonnet,  and  Gleichen, 
all  failed  to  detect  spermatozoa  in  the  semen  of  the  male  mule.  More 
recently  Prevost,  and  Dumas,  {^nnaL  dta  Sc.  Nat.  i.  p.  183,)  and  R. 
Wagner,  have  examined  the  seminal  fluid  of  hybrid  birds,  and  have 
found  the  spermatozoa  either  absent  or  imperfectly  developed.  This 
fact  of  the  spermatozoa  being  imperfectly  developed  in  such  animals  is 
most  important. 

Spermatozoa  are  sometimes  met  with  in  the  male  sexual  organs  of 
plants,  but  much  more  rarely  than  in  animals.  It  being  very  difficult 
to  distinguish  the  motion  which  the  contents  of  the  pollen  grains  of  the 
higher  orders  of  plants  present  from  the  molecular  motion  of  Brown, 
we  shall  notice  merely  the  spermatozoa  of  the  Cryptogamic  plants. 


CHAPTER  V. 

OF  PUBERTT,  SEXUAL  INTEBCOUBSE,  AND  FECUNDATION. 

I.  Puberty. — The  period  of  puberty,  the  commencement  of  that  part 
of  life  which  is  distinguished  by  the  capability  of  propagating  the  spe- 
cies, docs  not  occur  exactly  simultaneously  in  the  two  sexes;  and  still 
greater  variety  in  this  respect  is  caused  by  differences  of  nation  and 
climate.  Puberty  declares  itself  in  the  female  sex  of  our  climate  about 
the  13th,  14th,  or  15th  year,  and  is  indicated  by  the  occurrence  of  men- 
struation. In  the  male  sex  puberty  commences  about  the  14th,  15th,  or 
16th  year,  and  is  attended  with  the  secretion  of  semen,  and  with  the 
occurrence  of  discharges  of  that  fluid.  In  hot  climates  the  body  under- 
goes the  changes  of  puberty  earlier  than  in  cold  climates.  It  is  stated 
that  in  the  hot  regions  of  Africa  they  take  place  in  the  female  sex  aa 
early  as  the  8th  year,  and  during  the  9th  year  in  Persia.  Young  Jew- 
esses are  also  said  to  menstruate  earlier  than  other  females  in  our  own 
country.  The  capability  of  reproduction  generally  ceases  in  the  female 
sex,  together  with  the  function  of  menstruation,  between  the  45th  apd 
50th  years.  The  duration  of  the  reproductive  power  in  man  cannot  be 
so  exactly  defined;  in  general,  it  continues  longer  than  in  woman,  and 
not  unfrequently  very  old  men  manifest  a  remarkable  degree  of  virile 
power. 

The  changes  in  the  system  which  characterise  the  period  of  puberty 
are  partly  local,  afiecting  the  generative  organs,  and  partly  of  a  general 
nature.  The  local  changes  consist  in  the  growth  of  hair  on  the  pubes  in 
both  sexes;  in  the  menstruation  of  the  female;  in  the  copious  formation 
of  semen,  and  occurrence  of  erection  in  the  male;  and  in  the  enlarge- 
ment of  the  breasts  in  the  female  sex.  The  general  changes  of  the 
8]rstem  afiiect  principally  the  respiratory  and  vocal  apparatus,  the  entire 
form  of  the  body  and  the  physiognomy,  the  character  of  the  mind,  and 
ihe  feetingtrelatiDgto  the  sexes.    The  respiratory  organs  acquire  an 


82S  MEHSTRUATIOir. 

increase  of  volume  at  the  age  of  puberty,  especially  in  tlie  male  sex; 
and  the  vocal  apparatus  undergoes  those  changes  of  dimension  and 
acoustic  properties  which  have  been  described  in  another  part  of  this 
work.  The  whole  body  attains  its  most  perfect  form;  while  the  features 
receive  their  stamp  of  individuality,  and  present  signs  serving  to  express 
the  passions,  though  they  are  not  yet  so  strongly  marked  as  in  many 
adults.  Sexiial  ideas  arise  instinctively  and  obscurely  in  the  mind,  and 
set  in  action  the  creative  power  of  the  imagination;  but,  at  the  same 
time,  by  their  influence  on  the  whole  mind,  call  into  pHy  the  noblest 
mental  faculties,  so  as  to  elevate  and  adorn  the  feeling  of  love. 

Menstruation  is  the  periodical  discharge  from  the  female  generative 
organs  of  a  bloody  fluid  poured  out  by  the  inner  surface  of  The  uterus. 
The  first  discharge  is  usually  preceded  and  accompanied  by  some  symp- 
toms of  general  disturbance  of  the  system,  namely,  by  abdominal  con- 
gestion, pain  in  the  loins,  and  a  sense  of  fatigue  in  the  lower  limbs.  Its 
periodical  return  is  also  attetided  in  most  women  by  abnormal  symptoms, 
which  are  difl'erent  in  diflerent  individuals.  The  menstrual  periods 
occur  usually  at  intervals  of  a  solar  month;  their  duration  being  from 
three  to  six  days.  In  some  wometi  the  intervals  are  as  short  as  three 
weeks,  or  even  less;  while  in  others  they  are  longer  than  a  month. 
Aristotle  {Hist.  Jlnim.  7,  2,)  made  the  extraordinary  statement  that 
menstruation  rarely  occurs  every  month,  but  in  most  women  only  every 
three  months. 

The  menstrual  discharge  differs  from  ordinary  blood  in  no  other  re- 
spect than  that  of  containing  only  a  V(*ry  small  quantity  of  fibrine,  or 
none  at  all.  [Lavagna^  MeckeVs  Jlrchiv.  1818,  bd.  iv.  p.  151.)  The 
blood  corpuscules  exist  in  it  in  their  natural  slate. 

Menstruation  does  not  occur  in  pregnant  women,  nor  in  most  cases 
in  those  who  arc  suckling.  But  in  rare  instances  it  continues  even 
during  pregnancy. 

Monstrnation,  in  the  strict  sense,  is  peculiar  to  the  human  female.  A  kind  of  men- 
strual discharge  was  occasionally  noticed  by  Renpper  in  the  female  of  Cebus  Azarrc; 
but  this  did  not  occur  at  reguinr  periods.  It  was  small  in  quantity,  continued  two  or 
three  days,  and  returned  afier  intervals  of  three,  six,  or  even  ten  weeks.  This  sigrn  of 
maturity  did  not  show  itself  until  the  end  of  the  second  year.*  Geofifroy  St.  Hilaire, 
and  Fr.  Cuvier,f  have  observed  many  facts  of  a  similar  kind  amon^  the  monkey 
tribe.  They  noticed  discharfje  of  blood  with  enlargement  of  the  sexual  organs  in 
Cercopithecus,  Macacus,aiid  i'ynocephalus;  but  they  rnaintain  that  these  appearances 
"Were  coincident  with  the  monthly  heat.  Durinfr  ihe  periodical  sexual  heat  in  other 
animals  also,  as  the  horse  and  dog,  there  is  sometimes  a  discharge  of  blood.  But  the 
menstruation  of  the  human  female  is  a  phenomenon  of  a  totally  different  nature,  and 
has  no  connection  with  sexual  excitement. 

We  are  quite  ignorant  of  the  cause  of  menstruation  and  its  periodical  return.  The 
notion  of  the  ancients  that  it  cleansed  the  body  from  noxious  matters  is  evidently  erro- 
neous. The  opinion,  also,  that  its  office  is  to  relieve  the  uterus  of  the  blood  which 
during  pregnancy  would  nourish  the  embryo,  is  unsatisfactory,  since  the  sttilll  quan- 
tity of  blood  lost  in  menstruation  does  not  correspond  with  the  amount  of  nutriment 
which  the  fietus  derives  from  the  mother.  More  probability  attaches  to  the  vi(*w  that 
the  human  female  is  preserved  from  too  great  sexual  excitement  by  the  menstrual  flux. 

•  Rcng'grer,  Naturgcschirlitc  drr  Saigdhiprc  von  Paraguny.     Basel.  1830,  p.  49. 

t  Sec  their  work,  liist.  Nit.  dcs  Mitmniiidros.  Sec  also  Ehrenbcrg,  Abhandl.  dcr  Acad, 
zu  Berlin,  1^33,  pp.  3:>l-3'>8,  on  the  occurrence  of  menstruation  in  tbo  monkej  tribe;  ud 
Nunian,  Froricp^ri  Nutizcn,  p.  IjO,  un  menstruation  in  animals  generally. 


THE  ACT  07  SBXUAL  UHION.  829 

Bat  it  is  still  more  probable  that  menatniation  is  the  resolt  of  a  periodical  regenera- 
tion,— a  kind  of  moulting  of  the  female  generative  organs,  attended  perhaps  with  the 
formation  of  a  new  epithelium.  The  periodicity  of  the  phenomenon  is  not  connected 
with  the  changes  of  the  moon,  but  with  some  condition  of  the  organism  itself;  like 
other  periodical  actions  or  functions,  it  has  an  internal  cause.  The  Tariations  of  the 
light  afforded  by  the  moon  bear  no  constant  relation  to  the  periods  of  menstruation; 
on  the  contrary,  different  females  are  menstruating  on  every  day  of  the  month.  The 
intervals  of  menstruation  also,  even  when  most  regular,  are  not  lunar  but  solar  months; 
and  they  are  very  different  in  different  women,  in  consequence  of  the  various  states 
of  their  system,  and  quite  independently  of  external  causes. 

In  the  male  sex  the  tendency  to  periodicity  is  manifested  only  in  the  turgescence  of 
the  genitals,  and  greater  excitability  and  potency  of  the  spinal  cord  and  nerves  en^ged 
in  the  generative  function;  a  state  which  is  terminated,  as  it  were  by  a  crisis,  m  the 
act  of  coitus,  or  in  the  involuntary  emission  of  semen.  Women  are  much  less,  or 
perhaps  not  at  all,  subject  to  such  periodical  sexual  excitement.  The  periodical  heat 
occurs  in  the  most  marked  degree  in  animals.  In  many  of  them  it  happens  daring 
the  spring,  as  in  most  birds,  reptiles,  and  Amphibia,  in  many  fishes,  and  also  in  many 
mammals,  as  the  rodents,  moles,  and  horses.  In  other  animals,  as  several  fisheSy 
birds.  Amphibia,  and  Mammalia,  the  summer  is  the  season  of  sexual  heat;  while  in 
others  again,  as  many  ruminants,  it  occurs  in  the  autumn;  and  in  others,  as  dogs,  cats, 
and  other  carnivorous  animals,  in  the  winter.  (See  the  more  detailed  account  in  J9tir- 
daeh^t  Physiologic^  bd.  i.  p.  381.)  In  tame  animals  the  periodical  sexual  excitement 
is  manifested  with  much  less  intensity  than  in  the  same  animals  in  their  wild  state; 
and  in  many,  as  the  elephant,  sexual  union  never  takes  place  while  they  are  in  con- 
finement. 

All  the  phenomena  connected  with  the  sexes  which  animals  present, 
are  dependent  on  the  formative  generative  organs,  the  ovaries  and  testes, 
and  on  the  influence  which  they  exert  on  the  rest  of  the  organism.  Not 
merely  does  castration  during  youth  for  the  most  part  prevent  the  deve- 
lopment of  the  sexual  feelings  and  emotions;  but  even  when  performed 
at  adult  age  that  operation  destroys  nearly  entirely  the  sexual  excita- 
bility. Sir  A.  Cooper  (on  the  structure  and  diseases  of  the  testis,  pp. 
53, 54,)  had  the  opportunity  of  knowing  during  twenty-nine  years  a  maa 
both  of  whose  testes  had  been  extirpated.  The  operation  was  performed 
in  1801.  "For  nearly  the  first  twelve  months,  he  stated,  that  he  had 
eniiBsions  in  coitu  or  that  he  had  sensations  of  emission.  That  then  h& 
had  erections  and  coitus  at  distant  intervals,  but  without  the  sensation 
of  emission.  After  two  years  he  had  erections  very  rarely  and  very 
imperfectly,  and  they  generally  immediately  ceased  under  an  attempt 
at  coitus.  Ten  years  after  the  operation,  he  said  he  had,  during  the 
past  year,  been  once  connected.'^  In  1829  he  stated,  <Hhat  for  four 
years  he  had  seldom  any  erection,  and  then  that  it  was  imperfect.  That 
he  had  for  many  years  only  a  few  times  attempted  coitus,  but  unsuc- 
cessfully; that  he  had  once  or  twice  dreams  of  desire  and  a  sensation  of 
emission,  but  without  the  slightest  appearance  of  it.'' 

II.  7%e  act  of  sexual  union. — ^The  act  of  sexual  union,  as  regfards  the  male  sex,  cobp 
sists  of  erection  and  the  ejaculation  of  semen.  Erection  is  the  result  of  the  arrest  of 
blood  in  the  corpora  cavernosa  of  the  penis,  effected  most  probably,  as  Krause 
(^Miiller^s  .9rchiv,  1837,)  shows,  by  the  action  of  the  musculi  erectores  penis,  which 
compress  the  deep  veins  of  the  organ  as  they  issue  from  the  corpora  cavernosa,  though 
they  can  exert  no  influence  on  the  vena  dorsalis.  In  the  horse  the  veins  of  the  corpora 
cavernosa  give  off  such  numerous  communicating  branches  in  difTerent  directions,  that 
it  is  more  difficolt  to  explain  there  the  act  of  erection.*    The  part  played  by  the 

*  On  the  oanse  of  erection  in  the  horse,  consult  Guenther,  Untersuchungcn  und  Erfah- 
nufen  im  Gebiete  der  Anatomie,  Phyaiokgie  und  Thicr-arsneikunde.    Hannover,  1837. 
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arterise  helicine  in  this  act  is  not  known;  they  cannot,  however,  be  its  sole  canse, 
since  in  several  animals,  as  the  elephant,  they  do  not  exist,  and  even  in  the  horee  hare 
quite  a  rudimentary  form.  It  is  in  these  animals  that  the  muscle-like  bands,  passings 
between  the  veins  of  the  corpora  cavernosa,  which  were  first  observed  by  Hunter,  ara 
most  highly  developed.  The  remote  source  of  the  power  of  erection  is  the  spinal  cord; 
and  hence  the  loss  of  this  power  in  cases  of  Neuralgia  dorsalis  or  Tabes  dorsalis. 

The  emission  or  ejaculation  of  the  semen  is  a  reflex  action  excited  by  irritation  of 
the  sensitive  nerves  of  the  penis.  The  act  of  ejaculation  is  itself  the  result  of  two 
movements;  namely,  of  the  persistent  contraction  of  the  organic  muscular  fibres  of  the 
vesiculae  seminales,  and  of  the  repeated  periodical  contraction  of  the  animal  muscular 
fibres  of  the  ejaculator  scminis  and  other  perinatal  muscles.  Sudden  irritation  and 
injury  of  the  medulla  spinalis  gives  rise  to  emission  of  semen,  which  is  then  not  no* 
oessarily  attended  by  erection.  Discharge  of  semen  is  an  ordinary  phenomenon  in 
decapitated  criminals.  That  the  vesiculae  seminales  are  really  receptacles  of  semen  is 
beyond  a  doubt,  since  spermatic  animalcules  have  been  discovered  m  their  contents  in 
the  human  subject  after  death.  They  are,  therefore,  not  mere  secreting  organs  aa 
Hunter  supposed.  {Hunter* s  Works  [Palmer'* s  edition'],  vol.  iv.  p.  20.^  Hunter, 
however,  proved  by  a  series  of  observations,  that  when  one  testicle  is  extirpated,  the 
vesicula  scminalis  of  that  side  does  not  undergo  diminution  in  size;  and  his  view  re- 
specting the  office  of  the  vesicule  was  correct,  so  far  as  regards  their  secreting  a 
mucous  fluid.  In  the  act  of  coition,  however,  the  semen  comes  directly  from  the 
vesiculae  seminales,  and  not  from  the  testes.  It  is,  moreover,  mixed  in  the  urethra 
with  the  secretion  of  Cowper*8  glands,  and  with  that  of  the  prostatic  gland,  of  the 
nature  of  which  we  are  quite  ignorant. 

In  both  sexes  the  act  of  coition  is  attended  with  pleasurable  sensa- 
tions, but  their  respective  share  in  the  act  itself  is  very  difTerent.  In  the 
female  there  is  no  expenditure  of  the  nervous  power  in  the  production 
of  erection,  no  energetic  rhythmic  muscular  contractions  wIjubu  the  vene- 
real excitement  has  reached  its  height,  and  no  emission  oCsemen;  but 
merely  an  increased  secretion  of  mucus  from  the  mucous  follicles  of 
the  vagina,  excited  by  the  impressions  on  the  sensitive  nerves  of  the 
female  sexual  organs,  and  serving  to  lubricate  the  passage.  Ttie  man 
feels  exhausted  after  the  act;  the  woman  docs  not.  It  appears,  there- 
fore, that  tlie  nervous  excitement  and  actions  of  the  male  during  the  act 
of  coition,  attain,  in  a  short  period,  a  great  degree  of  intensity,  and  are 
as  rapidly  depressed,  while  there  is  no  evidence  that  such  is  the  case 
in  the  woman.  The  clitoris,  which  is  known  to  be  the  part  most  sus- 
ceptible of  the  pleasurable  sensations  in  the  female,  is  not,  like  the 
penis  of  the  male,  rendered  by  friction  the  seat  of  intense  sensation  and 
nervous  excitement  during  coition,  and  hence  its  excitability  is  found 
not  to  be  wholly  exhausted  after  the  act  is  completed.  We  are,  there- 
fore, justified  in  concluding  that  the  sensitive  excitement  of  the  woman 
is  neither  so  rapidly  rendered  intense,  nor  so  rapidly  depressed,  as  that 
of  the  man;  and  this  conclusion  accords  with  the  fact,  that  women  bear 
frequent  sexual  intercourse  better  than  men,  and  arc  much  less  fre- 
quently aflected  with  Tabes  dorsalis,  in  consequence  of  sexual  excess. 
The  clitoris,  though  agreeing  with  the  penis  in  its  mode  of  development, 
yet  differs  from  it  essentially  in  its  functions,  since  it  is  generally  in- 
capable of  true  ereciion.  In  the  genus  of  monkeys,  Ateles,  the  clitoris 
is  normally  of  extraordinary  lengih,  and  this  circumstance  has  given 
foimdalion  to  the  accounis  related  of  the  structure  and  habits  of  some 
female  monkeys.  Tiic  clitoris  of  the  females  of  the  genus  Ateles  has 
very  large  corpora  cavernosa,  in  which,  however,  I  have  found  merely 
fat;  while  the  sensitive  nervesof  the  penis,  the  nervi  dorsales,  were  very 
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large.*   This  large  size  of  the  clitoris  is  peculiar  to  the  genus  Ateles;  in 
other  genera  of  monkeys  the  organ  presents  nothing  unusual. 

III.  Separation  of  the  ova  from  the  ovary,  and  their  reception  into  the  Fal- 
lopian tubes, — In  oviparous  animals  the  separation  of  ova  from  the 
ovarium  may  take  place  either  independently  of  impregnation  by  the 
male,  or  as  the  result  of  that  act.  In  the  Amphibia,  the  ova  of  which 
are  impregnated  out  of  the  body  of  the  female,  for  example,  in  frogs, 
the  ova  have  separated  from  the  ovary,  and  have  accumulated  in  the 
oviduct  long  before  the  time  of  fructification.  The  ova  of  the  female 
frog  having  accumulated  in  the  oviduct,  and  distended  it  to  a  conside- 
rable size,  are  expelled  from  it  by  the  action  of  its  walls  during  the 
excitement  of  copulation,  and  are  immediately  impregnated  by  the 
male,  who  sits  on  the  back  of  the  female  firmly  embracing  her. 

In  fishes,  also,  the  ova  seem  to  separate  from  the  ovaries  before  fecandation.  For 
in  the  majority  of  fishes  there  is  no  sexual  union.  The  male  and  female,  under  the 
venereal  excitement,  accompany  each  other  through  the  water,  and  the  ova  being 
deposited  by  the  female  are  fecundated  by  the  semen  which  the  male  emits.  There 
are  some  fishes,  however,  as  the  Blennius  vivipanis  and  other  viviparous  fishes,  in 
which  internal  impregnation  is  effected,  either  by  the  semen  emitted  by  the  male 
finding  its  way  with  the  water  into  the  internal  generative  organs  of  the  female,  or  by 
an  actual  act  of  copulation  as  in  the  sharks  and  rays. 

Birds,  also,  which  begin  to  lay  their  eggs  after  copulation  and  impregnation,  con- 
tinue to  lay  them  when  they  are  kept  quite  separate  from  the  male  bird;  and  here, 
also,  the  ova  evidently  separate  from  the  ovary  independently  of  impregnation.  The 
same  is  the  case  with  some  insects,  as,  for  example,  butterflies;  for  they  also  deposit 
mature  ova  when  they  have  been  kept  isolated  from  the  male  from  the  time  of  their 
entrance  into  the  chrysalis  state. 

In  Mammalia,  on  the  contrary,  the  separation  of  the  ova  from  the 
ovary  seems  to  be  dependent  on  the  act  of  impregnation.  It  has,  it  is 
true,  been  stated,  that  cicatrices  of  the  ovaries,  resulting  from  the  escape 
of  ova,  have  been  seen  in  the  bodies  of  virgins  {Home,  Philos,  Trans- 
act,)\  but  that  is  certainly  not  an  ordinary  occurrence.  Usually,  it  is 
only  after  a  successful  union  of  the  sexes,  that  one  or  more  Graafian 
vesicles  are  found  turgid.  At  a  somewhat  later  period,  after  coition 
has  taken  place,  the  turgid  and  vascular  vesicle  of  De  Graaf  bursts, 
and  the  ovulum  is  received  into  the  Fallopian  tube.  These  results  of  a 
fruitful  union  of  the  sexes,  the  change  in  the  condition  of  the  ovary, 
the  dehiscence  of  the  Graafian  follicle  and  escape  of  the  ovulum,  are 
now  known  to  be  consequences  of  the  direct  action  of  the  semen  on 
the  ovary  itself,  and  not  of  its  action  merely  oti  the  external  generative 
organs.  For  Professor  Bischoft'  and  Dr.  Barry  have  made  the  impor- 
tant discovery,  that  the  semen  of  male  mammiferous  animals  which 
have  been  induced  to  copulate,  is  really  conducted  through  tlie  entire 
length  of  the  Fallopian  tube  to  the  ovary. 

The  mode  in  which  the  ova,  unimpregnated  or  impregnated,  are  transferred  from 
the  ovary  to  the  Fallopian  tube  or  oviduct  is  far  from  being  accurately  known. 

In  Mammalia  and  birds  the  proximity  of  the  ovary  to  the  infundibulum  of  the  Fal* 
lopian  tube  must,  to  a  certain  extent,  facilitate  the  entrance  of  the  ovum  into  the 
latter;  but  even  here  there  is  a  phenomenon,  as  yet  unexplained,  in  the  Fallopian 
tube  applying  its  infundibulum,  or  fimbrise,  at  the  time  of  impregnation,  not  merely 

*  See  Fugger,  De  Singulari  Clitoridb  in  Simiis  Generis  Atclcs  Magnitudine  ct  Conforma- 
tiono.    Berol.  1835. 
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to  the  ovary,  bat  exactly  to  that  part  of  it  at  which  there  is  an  OTicapanle  on  the  point 
of  bursting.  This  erectile  turgescence  of  the  Fallopian  tube,  and  its  close  applica- 
tion to  the  ovary,  have  been  many  times  observed  in  mammiferous  animals, — namely, 
by  De  Graaf,  Kuhlemann,  Haigrhton,  Cruikshank,  Vod  Baer,  and  Warner.  The 
phenomenon  continues  during  the  first  few  days  after  coition  has  taken  place.  Von 
Baer  observed  it  in  pigs  and  sheep  as  late  as  the  fourth  week,  while  Wagner  found 
that  it  ceased  in  pigs  aoout  the  eighth  or  tenth  day. 

The  changes  which  precede  the  expulsion  of  the  ovum  from  its  capsule,  and  which 
the  capsule  afterwards  undergoes,  are  the  following: — Both  in  oviparous  animals  and 
in  Mammalia  the  posterior  part  of  the  capsule  swells  before  the  escape  of  the  ovum; 
but  in  Mammalia  this  tumefaction  is  much  greater  than  in  other  animals,  and  the 
swollen  capsule  appears  very  vascular.  Even  before  the  ovulum  has  left  its  cavity, 
the  capsule  becomes  in  a  great  part  tilled  with  a  brownish-yellow  substance.  In 
consequence  of  this  change  the  contents  of  the  capsule  are  protruded  against  its  outer 
wall,  which  has  become  thinner,  and  now  projects  with  the  ovulum  beneath  it  in  a 
hemispherical  form  above  the  surface  of  the  ovary  and  thickened  follicle.  An  aper- 
tare,  the  stigma,  is  then  formed  at  the  most  prominent  point.  Immediately  after  tho 
escape  of  the  ovulum  the  cavity  of  the  follicle,  or  Graafian  vesicle,  appears  very 
small;  in  a  short  time  it  becomes  quite  filled  with  a  granular  mass,  and  a  kind  of 
wart  is  developed  in  the  situation  of  the  former  opening.  This  wart  afterwards  dis- 
appears, and  then  the  altered  follicle  remains  with  the  form  of  the  round  corpus 
Inteum.  In  oviparous  animals  the  calyx  gradually  diminishes  in  size  after  the  escape 
of  the  ovum,  and  is  retracted  into  the  mass  of  the  ovary  and  absorbed. 

According  to  Dr.  Barry,  {Phil.  TVam.  1839.  Pt.  ii.  p.  317,)  the  corpus  luteum  of 
-mammiferous  animals  is  developed  in  the  vascular  covering  of  the  ovisac,  or  external 
tunic  of  the  Graafian  vesicle.  Dr.  U.  Lee,  {Med.  Chir.  Drans,  vol.  xxii.  p.  329,)  on 
the  contrary 9.  supposes  that  it  is  formed  externally  to  both  coats  of  the  vesicle.  Dr. 
Montgomery  {On  the  Signs  of  Pregnancy,  p.  21G)  and  Dr.  Patterson  {Edinb.  Med. 
and  iSurg.  Journal,  Nos.  142  and  145),  again,  state  as  the  result  of  their  ob- 
servations, that  the  substance  of  the  corpus  luteum  is  deposited  between  the  coats  of 
the  follicle,  llie  true  corpus  luteum  appears  never  to  be  produced  except  as  the 
result  of  conception.  False  corpora  lutea,  on  the  contrary,  are  frequently  met  with. 
They  generally,  according  to  Dr.  Montgomery,  appear  to  be  formed  by  an  extravsp 
sation  within  the  Graafian  vesicle.  A  thickened  state  of  the  coats  of  the  vesicle, 
which  ensues  in  advanced  age,  sometimes  simulates  a  corpus  luteum.  False  cica- 
trices of  a  vesicle  have  an  irregular  form,  and  want  the  small  round  opening  which  is 
the  result  of  conception.  In  the  ovaria  of  women  who  had  died  during  menstruation. 
Dr.  Lee  saw  other  appearances  which  might  have  been  mistaken  for  corpora  lutea. 
The  Fallopian  tubes  wore  red  and  turgid;  the  peritoneal  coat  of  one  ovary  was  per- 
forated by  a  small  circular  opening,  around  which  the  surface  of  the  ovary  was  ele- 
vated, and  of  a  bright  red  colour,  and  the  opening  sometimes  communicated  with  a 
cavity;  hut  the  distinctive  characters  of  the  corpus  luteum  were  wanting. 

IV.  Fecundation, — The  semen  might  be  supposed  to  eflfcet  fecunda- 
tion in  difl'ercnt  ways.  Its  immediate  action  might  be  on  the  organism 
of  the  female,  the  fecundation  of  tlie  ovum  being  a  secondary  and 
indirect  result  of  this  action;  or  it  might  be  exerted  directly  upon  the 
ovum  itself.  In  the  former  case,  the  semen  could  be  conceived  to  act 
as  a  stimulant  of  the  female  genitals,  producing  a  state  of  excitement 
of  which  fecundation  is  the  effect;  or  it  might  be  absorbed  into  the 
blood  of  the  female,  which  would  explain  not  only  the  changes  that 
take  place  in  the  ovary?  but  also  the  more  general  results  of  fecundation. 
There  have,  indeed,  been  writers  who,  resting  on  these  tlieorics,  have 
imagined  the  possibility  of  fecundation  being  elfected  in  other  than  the 
ordinary  way,  by  means  of  semen  infused  into  the  blood.  Observa- 
tions, however,  have  shown  that  the  fecundation,  following  union  of 
the  sexes,  results  from  the  direct  action  of  the  semen  upon  the  ovum. 
This  is  proved  partly  by  the  experiments  of  Haighton,  {Phil.  TVotia. 


PECUNBATION.  333 

1797,)  in  which  ligature  of  one  Fallopian  lube  before  copulation  pre- 
vented the  impregnation  of  the  ovary  of  that  side,  while  fecundation 
always  took  place  in  the  ovary  of  the  opposite  side  on  which  the  Fal- 
lopian tube  was  left  free;  and  partly  by  the  cases  in  which,  either  arti- 
ficially or  naturally,  impregnation  is  effected  quite  independently  of  the 
female  organs  of  generation. 

It  is  equally  certain  that  fecundation  does  not  depend  on  any  influence  of  the  entire 
male  organism,  but  on  the  semen  alone.  This,  indeed,  was  proved  long  since  by 
experiments  of  Spallanzani  and  Rossi,  >vho  found  that  semen  of  a  dog,  introduced  by 
means  of  a  syringe  into  the  generative  organs  of  a  hitch,  effected  impregnation. 
There  can,  therefore,  be  no  doubt  that  the  essential  cause  of  fecundation,  wherever 
it  takes  place,  is  not  any  influence  of  the  male  organism  upon  the  female,  but  the 
action  oi  the  semen  itself  upon  the  female  germ. 

Two  views  have  been  taken  of  the  mode  of  action  of  the  semen  on  the  ovum.  Some 
physiologists  have  believed  it  to  be  immediate,  while  others  have  supposed  it  to  take 
place  through  the  intervention  of  a  peculiar  emanation,  the  aura  seminalis.  The 
falsity  of  the  latter  opinion  is  sufficiently  proved  by  Spallanzani's  observations, 
already  referred  to,  which  show  the  necessity  of  absolute  contact  of  the  semen  with 
the  ova  of  frogs,  for  producing  fecundation.  Where  the  ova  were  suspended  above 
the  semen,  and  very  close  to  its  surface,  no  fecundation  took  place;  while  semen, 
diluted  in  the  proportion  of  three  grains  to  eighteen  ounces  of  water,  was  efficient 
for  impregnating  by  contact.  Spallanzani  found  a  drop  of  this  fluid  adequate  to  im- 
pregnate ova.  {See  Spallanzani,  Experiences  pour  servir  a  Pllistoire  dc  la  Gtn^ation, 
Geneve,  1786.) 

But  it  is  not  merely  in  Amphibia  and  fishes  that  the  contact  of  the 
semen  with  the  ova  is  thus  necessary  for  fecundation;  the  fact  of  the 
semen  being  conveyed  hi  Mammalia  from  the  uterus  along  the  Fallo- 
pian tubes,  even  to  the  ovary,  proves  that  the  same  condition  obtains 
in  all  animals.  The  semen  passes  into  the  uterus  either  soon  after  or 
during  the  act  of  copulation.  Leeuwenhoek,  on  several  occasions,  de- 
tected spermatozoa  in  the  uterus  of  mammiferous  animals,  which  had 
recently  had  sexual  union.  Prevost  and  Dumas  {jlnnaL  des  Sc,  Nat. 
tom.  iii.  p.  119,)  discovered  them  in  the  uterus  twenty-four  hours  after 
the  act  of  copulation,  atid  on  the  third  and  fourth  days  in  the  Fallopian 
tubes.  BischofTs  observations  ( fVa^ner^s  Physiologie,  p.  49,)  are  still 
more  conclusive.  In  a  bitch  which  had  had  coition  with  a  dog  nineteen 
hours  before,  and  again  half  an  hour  before  it  was  killed  and  examined, 
he  found  spermatic  animacules  upon  and  between  the  fimbrije  of  the 
tubes,  and  in  the  sac  or  peritoneal  capsule  round  the  ovary  and  even 
upon  this  organ  itself.  Wagner,  in  the  same  year,  (1838,)  relates  a 
similar  observation  made  by  himself  on  a  bitch,  in  which  the  examina- 
tion was  instituted  forty-eight  hours  after  coition  had  taken  place:  he 
detected  the  seminal  animalcules  not  merelv  in  the  uterus  and  Fallo- 
pian  tubes,  among  the  fimbriae,  and  close  to  the  ovary,  in  which  there 
were  three  Graafian  vesicles  ready  to  burst.  In  Mammalia,  therefore, 
as  well  as  in  other  animals,  it  is  an  ascertained  fact,  that  the  semen  and 
ovum  are  brought  into  immediate  contact.* 

*  Dr.  Barry's  observations  were  made  on  the  rabbit.  In  seventeen  out  of  nineteen 
instances  he  was  unable  to  discover  spermatozoa  in  the  fluid  collected  from  the  surface 
of  the  ovary.  On  one  occasion  he  found  a  single  spermatozoon,  which  was  dead, 
while  the  ova  had  escaped.  On  a  second  occasion  he  found,  twenty-four  hours  post 
eoittim,  several  spermatotoa  on  the  ovary.   Some  of  these  animalcules  were  alive  and 
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The  situation  in  which  the  impregnation  of  the  ovum  takes  place,  is 
very  different  in  different  animals.  We  have  already  seen  that  the 
ovum  may  be  separated  from  the  ovary  before  as  well  as  subsequent  to 
impregnation.  Hence  it  follows  that  impregnation  may  take  place  in 
three  situations. 

a.  Impregnation  external  to  the  body  of  the  female, — It  has  already  been 
mentiotied^  that  this  is  the  mode  of  unpregnation  in  most  Amphibia 
and  fishes. 

b.  Impregnation  of  the  ovum  while  still  in  the  ovary, — This  is  the  place 
of  impregnation,  at  all  events,  in  man  and  mammiferous  animals.  In 
all  cases  of  extra-uterine  pregnancy,  in  which  the  ovum  is  developed 
in  the  ovary  itself,  or  escaping  into  the  abdominal  cavity  is  developed 
there,  it  cannot  be  doubted  that  the  ovum  was  in  tliose  instances  im- 
pregnated in  the  ovary;  but  the  fact  of  Bischoff  and  Barry  having 
traced  the  spermatozoa  as  far  as  the  ovary,  proves  that  impregnation  is 
always  effected  in  that  situation  in  Mammalia.  The  mode  in  which 
the  semen  is  conducted  so  far  through  the  female  generative  organs,  is 
no  longer  a  problem  requiring  solution;  for  the  discovery  of  the  ciliary 
motion  affords  a  solution  of  it.  It  is  difficult,  however,  to  explain  the 
occurrence  of  fecundation  when  the  hymen  is  still  perfect,  or  when  the 
penis  is  very  short  or  affected  with  congenital  hypospadia.  How  fecunda- 
tion is  attained  in  these  cases,  which  are  rare,  is  quite  a  mystery.  {See 
the  remarks  on  cases  of  this  kind  in  Burdach^s  Physiology,  bd.  i.  528.) 
I  must,  however,  remark,  that  it  is  only  in  the  first  of  them, — that  of 
the  persistent  hymen, — that  the  possibility  of  fecundation  appears  to 
me  to  be  absolutely  certain.  In  other  cases,  all  the  conditions  for  abso- 
lute proof  cannot  possibly  be  fulfilled;  for,  that  the  impregnation  of  a 
female  was  effected  by  a  hypospadiac  and  not  by  another  man,  must 
always  be  a  mere  matter  of  faith. 

Of  the  intimate  changes  on  which  fecundation  depends,  we  are  yet 
wholly  ignorant;  and  up  to  the  present  time  it  was  the  less  possible  for 
us  to  become  acquainted  with  them,  since  we  were  uncertain  even  as  to 
the  situation  in  wliicii  the  process  took  place.  The  principal  question 
which  it  is  desirable  to  decide  with  rcaard  to  the  nature  of  the  fecun- 
dating  process  respects  the  part  which  the  spermatozoa  play  therein. 
Do  they  serve  merely  to  increase  the  sphere  of  action  of  the  fertilising 
matter,  as  insects,  carryinii?  abroad  the  pollen,  aid  in  the  fecundation  of 
plants,  or  do  they  themselves  contain  the  essential  fertilising  principle? 
The  observation  of  R.  Wagner,  that  the  spermatozoa  suffer  a  change 
of  form  in  hybrid  animals  is  in  favour  of  the  latter  view.  The 
spermatic  animalcules,  however,  certainly  bear  no  intimate  relation 
to  the  germinal  vesicle;  for  in  the  ova  of  oviparous  animals  the  germi- 
nal vesicle  disappears  at  the  time  of  their  discharge  from  the  ovary 
when  they  are  yet  unimpregnated.  Equally  certain  is  it  that  the 
spermatozoa  do  not  become  the  future  embryos.  For  the  germinal 
disk  appears  perfectly  unchanged  after  fecundation,  and  the  develop- 
ment of  the  embryo  by  the  growth  of  the  germinal  disk  to  form  the 

active,  though  not  in  locomotion;  others  were  dead.  There  was  no  enlargement  of 
the  Graafian  vesicles,  nor  a  high  decree  of  vascularity  of  any  of  the  parts.  Phil. 
Trans.  1839,  pt.  ii.  p.  315. 
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germinal  membrane,  and  the  subsequent  changes  of  organisation,  can 
he  accurately  traced.  Vegetable  physiology  has  gone  a  step  further 
tnan  animal  physiology  in  the  elucidation  of  the  act  of  fecundation; 
hence  it  is  important  for  us  to  examine  this  process  as  it  occurs  in  the 
vegetable  kingdom. 

The  parts  of  plants  which  have  hitherto  been  re^rded  as  the  male  sexual  orgrans, 
are  the  anthers.  The  pollen  grains  contained  within  the  anthers  enclose  a  semi-fluid 
matter,  the  fovilla,  composed  in  great  part  of  minute  globules,  the  nature  of  whose 
motions  is  yet  a  subject  of  disputation.    (See  Meyen,  op.  cit.) 

The  pistil  is  usually  regarded  as  the  female  part  of  the  flower;  its  upper  part  ie 
called  the  stigma;  and  its  lower  part  is  the  ovarium,  or  germen,  in  which  the  ovula 
are  formed  long  before  impregnation.  The  stigma  and  ovarium  are  united  by  the 
style.  The  style  is  formed  internally  of  cellular  tissue,  which  either  occupies  the 
whole  thickness  of  the  style  as  low  as  the  ovarium,  or  more  commonly  includes  a 
centra]  cavity,  which  extends  from  the  stigma  to  the  ovarium,  where  it  divides  into  as 
many  branches  as  there  are  ova.  The  ovulum  has  generally  two  coals,  or  integu- 
ments, the  primine  and  secundine,  which  enclose  the  cellular  nucleus  or  perisperm. 
Both  coats  of  the  ovulum  are  connected  with  the  ovarium  through  the  medium  of  the 
funiculus  which  transmits  the  vessels  that  terminate  in  the  primine  and  secundine. 
Both  these  coats  also  present  at  another  point  an  opening,  the  micropyle  or  foramen, 
which  leads  to  the  internal  portion  of  the  ovulum,  or  the  nucleus.  In  many  plants 
the  nucleus  projects  through  the  foramen  in  the  form  of  a  conical  prominence.  In  the 
interior  of  the  nucleus  is  a  cavity,  the  sac  of  the  embryo,  which  is  formed  by  a  single 
cell,  and  is  of  great  importance  in  the  process  of  fecundation. 

At  the  peri(^  of  fecundation  the  anthers  of  hermaphrodite  flowers  approach  the 
stigma,  and  shed  their  pollen  upon  it.  In  plants  of  which  the  sexes  are  distinct  the 
pollen  is  conveyed  to  the  female  ovaria,  often  from  a  considerable  distance,  either  by 
the  wind  or  by  insects.  The  intimate  steps  of  the  process  of  fecundation  have  been 
brought  to  light  by  modem  researches.  Amici  observed  that  the  pollen  grains,  when 
received  upon  the  stigma,  emitted  tubes.  Brogniart  traced  these  elongating  tubes  into 
the  tissue  of  the  stigma.  They  are  productions  of  the  inner  coat  of  the  pollen  grain, 
and  increase  in  length  by  true  vegetative  growth,  and  by  the  appropriation  of  nutri- 
tive matters  which  they  derive  from  the  stigma.  More  recently  the  pollen  tubes  have 
been  found  to  extend  through  the  canal  of  the  style,  or  its  cellular  tissue  to  the  ovulum, 
and  have  been  ascertained  to  enter  the  foramen  or  micropyle.  The  nature  of  the 
act  of  fecundation  has  thus,  by  the  observations  of  Robert  Brown,  Horkel,  Schleiden, 
and  Meyen,  been  fully  established  in  the  case  of  many  plants.  These  observations, 
however,  have  led  to  diflferences  of  opinion  respecting  the  sexes  of  plants.  Mirbel 
regarded  the  act  of  fecundation  as  the  engrafting  of  a  male  cell  upon  a  female  cell. 
According  to  Schleiden 's  observations,*  on  the  contrary,  the  pollen  tube  itself  becomes 
the  future  embryo.  He  describes  the  extremity  of  the  pollen  tube  as  entering  the 
foramen  of  the  ovulum,  as  pushing  theembryosac  before  it,  and  as  becoming  imbedded 
in  it.  The  part  thus  included  in  the  ovulum,  according  to  Schleiden,  becomes  sepa- 
rated by  a  constriction,  and  detached  from  the  rest  of  the  pollen  tube;  forms  the  rudi- 
meDt  of  the  future  embryo,  and  is  the  nidus  for  the  development  of  new  cells.  Ac- 
cording to  this  description,  which  is  based  on  numerous  observations,  the  doctrine  of 
tbe  sexes  of  plants  must  be  entirely  reformed,  and  the  parts  hitherto  regarded  as  the 
female  sexual  organs  must  be  viewed  merely  as  a  kind  of  uterus,  in  which  the  embryo 
is  nourished.  Other  writers,  and  especially  Treviranus  and  Meyen,  support  the  old 
theory  of  the  sexuality  of  plants. 

•  Wicgman's  Archiv.  1837,  t  i.  p.  291.    Nov.  Act  NuL  Cur.  t  xix.  p.  1. 
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CHAPTER  VI. 

THE  THEORY  OF  SEXUAL  GENERATION. 

a.  Casper  Fried,  JVolff'a  theory  of  the  fecmidalion  of  plants  and  animals. 

The  fundamental  notion  on  which  Wolff  bases  his  theory  of  concep- 
tion is,  that  in  fructification  the  vegetation  of  plants  attains  its  end,  and 
thai  as  soon  as  flowers  are  developed  at  the  extremity  of  the  axis  of  a 
plant,  that  part  becomes  incapable  of  prolonging  the  axis  by  the  fornoa- 
lion  of  leaf  buds.  He  then  shows  that  the  organs  of  fructification  are 
merely  modified  leaves.  The  calyx  of  the  sunflower,  he  says,  is  com- 
posed of  a  number  of  leaves  smaller  than  the  ordinary  leaves  of  the 
plant,  closely  aggregated  together.  The  petals,  again,  are  merely  leaves, 
as  is  evident  in  the  grasses.  The  corolla  of  grasses  is  not  distinguished 
from  the  calyx  (or  paleae),  and  difi'ers  from  the  ordinary  large  leaves  of 
the  grass  in  no  other  respect  than  the  calyx  difters  from  them.  The 
colour  of  flo  wers'is  not  essential  and  often  is  gradually  developed.  The 
flower  of  Statice  has  many  calyces,  of  which  the  most  inferior  is  pale 
and  devoid  of  colour,  the  next  succeeding  more  and  more  inclined  to 
red,  and  the  most  superior,  like  the  flower  itself,  of  the  deepest  red, 
although  its  figure  is  not  different  from  that  of  the  other  calyces.  The 
seed-vessels  are  evidently  modified  leaves,  for,  when  they  are  ripe  and 
dehisce,  each  valve  appears  as  a  true  leaf.  The  same  is  the  case  with 
the  seeds.  As  soon  as  they  are  put  into  the  ground,  their  lateral  halves, 
or  cotyledons,  become  transformed  into  leaves. 

Wolff  next  demonstrates  that  the  modification  which  leaves  undergo  in  the  forma- 
tion of  the  flowers  is  dependent  on  an  arrest  of  the  vegetative  process.  The  leaves 
ifvhich  constitute  the  calyx  of  the  sunflower,  are,  he  observes,  scarcely  one  eighth  part 
so  broad  as  ihe  ordinary  leaves  of  the  plant,  and  are  much  shorter.  The  leaves  forming 
the  calyx  (or  bracts)  and  flower  of  the  grasses  are  scarcely  one-fifth  part  so  long  as  the 
perfect  leaves.  He  adds,  that  the  proper  leaves  of  a  plant  gradually  become  imperfect 
as  they  are  nearer  to  the  organs  of  fructification,  and  remarks  that  this  is  so  much  the 
case  in  the  sunflower  and  many  other  plants,  that  it  is  impossible  to  say  where  the 
ordinary  leaves  cease  and  those  of  the  calyx  begin.  It  may  be  added,  that  the  inter- 
nodiaof  the  stem  are  shorter  and  shorter  in  proportion  as  they  are  nearer  to  the  flowers, 
and  that  in  the  position  of  the  sepals  composing  the  calyx  of  many  plants,  the  spiral 
arrangement  of  the  leaves  of  the  stem  can  still  be  distinctly  traced.  The  vegetative 
action,  therefore,  says  VVolfT,  evidently  becomes  more  imperfect  and  weaker  towards 
the  point  of  fructification;  and  it  must,  at  length,  entirely  cease.  This  perfect  arrest 
of  vegetation  takes  place  in  the  seeds.  The  want  of  nutritive  juices  is  the  cause  of 
the  arrest  of  vegetation,  as  is  shown  by  the  withering  and  fall  of  the  fruit.  If  a  plant 
which  is  known  to  put  forth  leaves  a  certain  number  of  times,  for  instance,  six  limes, 
before  developing  the  organs  of  fructification,  is  set  in  a  very  poor  soil,  not  only  will 
its  leaves  generally  become  very  small  and  imperfect,  but  it  will  scarcely  have  put 
forth  leaves  three  times  before  fructification  will  take  place.  If  this  same  plant  is 
placed,  not  in  poor,  but  in  moist  and  rich  soil,  its  leaves  will  become  larger  and  more 
perfectly  formed,  and  instead  of  developing  leaves  six  times,  it  will  put  them  forth 
nine  times  before  it  shows  the  organs  of  fructification.  Moreover,  if,  while  the  fructi- 
fication of  a  plant  is  thus  delayed  by  the  richness  of  the  soil,  it  is  transplanted  tea 
poor  soil,  flowers  will  immediately  appear.  Lastly,  if  a  plant  which  has  already 
developed  the  calyx  and  rudiments  of  the  corolla  and  anthers  in  poor  soil,  is  quickly 
transplanted  to  rich  soil,  the  anthers  can  be  seen  to  become  transformed  into  petais  in 
consequence  of  the  excess  of  nutriment. 
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In  the  next  place,  Wolff  remarks  that  the  first  parts  of  the  young  plant,  developed 
by  the  power  of  the  male  semen,  do  not  differ  from  the  ordinary  leaves  of  the  parent 
plant.  The  young  plumala,  is,  like  the  leaf  bud  of  the  parent  plant,  composed  of 
young  leaves.  Both,  therefore,  require  for  their  development  the  same  agency  or 
cause,  which  was  in  operation  in  the  old  plant  when  it  produced  its  ordinary  leaves. 
The  male  semen,  or  the  pollen,  must  be  this  cause  of  vegetation,  which  was  previously 
deficient;  or,  in  other  words,  it  must  be  nutriment  in  its  highest  perfection.  The 
afflux  of  the  ordinary  nutriment  of  the  plant  to  the  extremity  of  its  axis  by  the  ordinary 
passages,  ceases;  but  the  male  semen,  or  pollen,  is  a  kind  of  nutriment,  which,  instead 
of  being  conveyed  through  the  ordinary  channels,  is  supplied  from  without  to  the  parts 
of  the  plant  destined  to  undergo  vegetation. 

Wolff  explains  the  phenomenon  of  conception  in  animals  in  the  same 
way.  The  ovary  is  the  part  of  the  animal  organism.in  which  the  vege- 
tative action  is  arrested,  and  hence  it  may  be  compared  to  the  imper- 
fectly developed  terminal  bud  of  plants. 

b.  Critical  examination  of  WolJPs  theory. 

In  Wolff  *s  theory  of  conception  there  is  much  that  is  perfectly  correct,  but  its  main 
conclusion  is  erroneous  and  involves  a  false  view  of  the  nature  of  semen.  It  is  quite 
true  that  fructification  is  the  result  of  abortive  vegetation;  but  this  abortive  develop- 
ment is  of  an  extraordinary  kind,  and  cannot  be  removed  by  the  most  perfect  nutri- 
ment. A  deciduous  leaf-bud  is  also  abortive  in  its  vegetation,  and  was  so,  even  before 
its  separation  from  the  parent  plant;  there  are  leaf-buds,  as  we  have  seen«  which  con- 
sist merely  of  a  single  cell,  and  which,  therefore,  are  quite  as  simple  as  the  germ 
formed  in  fructification;  and,  nevertheless,  these  leaf-buds  in  their  internal  condition 
and  endowments  are  totally  different  from  the  germs  of  the  organs  of  fructification. 
All  that  the  deciduous  bud  requires  for  its  perfect  development  is,  that  new  nutriment 
should  be  supplied  to  it  from  without,  either  by  the  soil  or  by  another  vegetating 
organism,  on  which  it  is  engrafted.  The  semen  of  the  male,  on  the  contrary,  far  from 
merely  yielding  nutriment,  nowever  perfect,  to  the  unimpregnated  germ,  really  con- 
tains within  itself,  just  as  the  germ  of  the  female  does,  the  power  of  determining  the 
whole  form  of  the  species,  whether  plant  or  animal.  This  fact  is  evident  in  ordinary 
generation,  as  well  as  in  the  production  of  hybrids.  The  offspring  in  ordinary  gene- 
ration, possesses,  not  merely  the  properties  of  the  mother,  but  those  of  the  father  also 
in  an  equally  marked  degree.  This  is  matter  of  constant  observation,  in  the  genera- 
tion both  of  man  and  of  animals.  The  race,  form  of  body,  propensities,  passions  and 
talents  of  the  father,  as  well  as  of  the  mother,  are  manifested  in  the  progeny;  and 
since  these  peculiarities  are  communicated  to  the  germ  by  the  semen,  they  must  be  con- 
tained in  it,  just  as  those  of  the  female  parent  are  contained  in  the  germ.  The  same 
evidence  is  afforded  by  the  intermediate  forms  resulting  from  the  intermixture  of  dif- 
ferent species.  The  mule  partakes  of  the  characters  of  both  the  horse  and  the  ass; 
and  the  hybridising  of  plants  as  frequently  gives  rise  to  intermediate  forms  distinct 
from  either  parent  plant,  and  not  to  be  regarded  as  merely  aborted  individuals  of  either, 
species.  Hence,  if  the  semen  be  denominated  nutriment,  it  must  be  regarded  as  a  - 
kind  of  nutriment  in  which,  no  less  than  in  the  germ,  are  involved  the  specific  form 
of  the  animal  or  vegetable,  and  all  its  individual  peculiarities. 

In  the  same  way  we  may  refute  the  theory  of  those  physiologists, 
who  regard  the  semen  not  as  nutriment,  but,  on  the  contrary,  as  an 
agent  which  arrests  the  vegetation  of  the  germ  and  the  growth  of  the 
axis  of  the  plant.  For  this  arrest  of  vegetation  occurs  in  plants  where 
there  are  merely  female  flowers,  and  where  no  influence  of  the  fecun- 
dating principle  could  be  exerted.  Moreover,  since  this  fecundating 
principle  has  the  power  of  determining  the  form  of  the  male  individual, 
it  can  be  neither  a  mere  stimulus  nor  an  agent  which  simply  arrests 
vegetation. 

c.  Of  the  nature  of  the  ovum  and  eemen^  and  of  the  process  of  conception. 
The  unimpregnated  vegetable  germ  and  the  leaf-bud  agree  in  both 
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possessing  "  potentially"  the  specific  form  of  the  plant.  They  differ, 
however,  from  each  other,  in  the  flower-bud  which  contains  the  unim- 
pregnated  germ  being  unable,  of  itself,  to  put  forth  new  buds;  while 
the  leaf-bud  not  only  can  develop  itself  to  a  new  individual,  but  may 
become  the  stock  from  which  an  infinite  number  of  new  individuals  are 
developed.  The  unimpregnated  germ,  therefore,  though  involving  «in 
potentii"  the  form  of  the  species,  yet  is,  in  consequence  of  a  peculiar 
impediment  to  its  organising  action,  unable  to  develop  this  form  ^'  in 
actu;"  but  the  leaf-bud  is  free  from  such  impediment.  The  organising 
aciion  of  a  leaf-bud  is  certainly  impeded  when  the  nutriment  necessary 
for  vegetation  is  not  supplied  to  it,  as  may  happen  to  a  deciduous  leaf- 
bud.  But  the  impediment  to  the  organisation  of  the  unimpregnated 
germ  is  much  more  intimately  connected  with  its  own  constitution:  for 
the  germ  does  not  undergo  development  even  when  it  is  supplied  with 
the  necessary  nutriment.  What,  then,  is  the  nature  of  this  cause  which 
prevents  the  organising  action  of  the  germ  from  being  exerted?  Since 
it  is  not  merely  want  of  nutriment,  it  most  probably  consists  in  the  germ 
having  defects  in  its  constitution  from  which  the  leaf-bud  is  free,  and 
•which  render  the  development  of  the  germ  in  the  pre-ordained  form 
impossible.  The  semen  or  fecundating  matter  contains  that  which  gives 
integrity  to  the  germ.  The  semen,  also,  is  capable  of  determining  the 
specific  and  individual  form  of  the  new  animal  or  plant,  but  it  likewise 
is  the  subject  of  a  defect  which  renders  it  incapable  of  actually  develop- 
ing that  form,  until  it  has  united  with  the  female  germ.  The  defects, 
however,  of  the  ovum,  or  germ,  and  of  the  semen,  are  not  identical  in 
nature,  since  each  contains  that  in  which  the  other  is  deficient.  The 
ovum  and  semen  are  not  similar  halves  of  one  whole.  The  ovum,  at 
least  that  of  animals,  contains  the  part  destined  to  germinate,  and  is,  in 
fact,  the  primary  cell,  or  contains  the  primary  cells,  which  form  the  basis 
of  the  new  organism,  and  maintain,  unbroken,  the  chain  of  organisa- 
tion. The  semen,  on  the  contrary,  does  not  itself  germinate,  but  is  a 
fluid  excitor  of  germination,  endowed,  at  the  same  time,  with  the  power 
of  determining  the  form  not  only  of  the  species  but  of  the  individual 
•organism  which  produced  it. 

It  may  here  be  well  to  frlance  at  the  mode  of  vegetation  of  cells  within  developed 
organisms.  The  cells  of  vegetables  have  ihe  power  of  transforming  the  nutriment 
brought  into  contact  with  them  into  a  fluid  productive  matter,  within  which  new  cells 
are  developed.  The  formation  of  the  new  cells  in  this  plastic  matter,  the  *'cyiobla»- 
tema"  of  Schlciden  is  determined  by  the  influence  of  a  pre-existing  cell,  and  is  eflfected 
by  a  deflnitP  process;  nuclei  being  first  formed,  around  which  the  young  cells  are  de- 
veloped. Schwann's  researches  have  shown  that  the  cells  of  the  animal  organism 
grow  in  the  same  way.  The  germ,  therefore,  which  is  really  a  cell,  may  be  regarded 
as  a  primary  cell  endowed  wiih  the  power  of  producing  the  specific  form  of  the  plant, 
but  defective  in  the  respect  of  being  incapable  of  producing  the  "  cytoblaslema."  The 
semen  or  fecundating  matter,  on  the  contrary,  though  capable  of  determining  the  power 
of  the  new  organic  being,  contains  no  primary  cells,  but  resembles,  more  nearly,  a 
**cytoblastema,"  endowed  with  the  property  of  producing  a  definite  form,  but  inca- 
pable of  vegetating  except  under  the  influence  of  a  primary  cell  already  formed.  We 
may  imagine,  that  when  the  primary  cell  of  the  germ,  and  the  **  cy toblastema''  of  the 
semen  are  brought  together,  the  vegetation  of  the  primary  cell  will  commence;  while, 
in  consequence  of  both  the  primary  cell  of  the  germ  and  the  plastic  matter  of  the  semea 
exerting  an  influence  on  the  product.^  of  this  vegetation,  the  new  individual  must  pre- 
sent a  mixture  of  the  forms  which  the  germ  and  semen  had  respectively  a  tendency  to 
give,  and  will  resemble  both  the  male  and  the  female  parent. 


BOOK  IX. 

OF   DEVELOPMENT. 


SECTION  I. 

OP  THE  DEVELOPMENT  OP  THE  OVUM  AND  EMBRYO. 

I.  The  development  of  the  embryo  of  vertebrate  animals  is  presented 
to  us  in  its  most  simple  form  in  fishes  and  the  Amphibia. 

In  all  animals  some  changes  in  the  entire  mass  of  the  yolk  seem  to 
precede  even  the  first  modelling  of  the  embryo.  The  extent  of  these 
changes,  however,  is  very  different  in  the  different  classes.  They  are 
least  considerable  in  birds,  and  most  so  in  Amphibia,  fishes,  and  many 
invertebrate  animals;  in  which  they  produce  the  phenomenon  of  the 
regular  division  and  subdivision  of  the  whole  yolk. 

The  yolk  has  the  most  essential  share  in  the  development  of  the 
embryo.  In  some  cases  it  is  the  portion  of  the  yolk  called  the  germinal 
membrane,  which  more  especially  contributes  to  the  production  of  the 
new  animal;  in  other  cases,  as  in  the  frog,  the  entire  mass  of  the  yolk 
has  this  function.  Rusconi  was  perfectly  correct  when  he  remarked 
that  the  embryo  of  the  frog  was  formed  from  the  whole  yolk.  The  dis- 
coveries of  Schleiden  and  Schwann  respecting  the  growth  of  cells  throw 
an  unexpected  light  upon  this  subject. 

Schwann  has  shown  that  the  ovum  of  animals  is  a  cell;  that  the  mem- 
brane of  the  yolk  sac  represents  the  cell  membrane,  or  wall  of  the  cell; 
the  germinal  vesicle,  the  nucleus;  and  the  yolk,  the  contents  of  the  cell. 
He  has  further  shown  that  the  cells  of  the  yolk  are  produced,  in  a  man- 
ner conformable  with  the  law  regulating  the  development  of  all  cells^ 
"within  their  parent  cell,  the  ovum;  and  that  the  substance  of  the  embryo 
itself  is  at  first  composed  of  cells.  Schwann  has  likewise  remarked  that 
the  yolk  must  be  regarded  not  as  mere  nutritive  matter,  but  in  the  light 
of  a  body  having  life;  since  th^  cells  composing  it  take  an  essential  part 
in  the  formation  of  the  embryo.  These  cells  effect  a  chemical  change 
in  their  contents  during  the  process  of  development,  in  consequence  of 
which  the  yolk  loses  its  coagulable  property.  Schwann,  therefore,  com- 
pares the  yolk  in  respect  of  the  share  which  it  has  in  nutrition  to  the 
albumen  of  the  embryo  of  plants.  The  proper  albumen  or  white  of  the 
bird's  egg  entirely  disappears  during  incubation,  being  absorbed  as 
nutriment  for  the  chick. 

The  further  changes  which  the  cells  of  the  yolk  undergo  have  been 
observed  by  Bischoff,  Barry,  and  Reichert.  Professor  Bischoff  and  Dr. 
Barry  recognised  the  development  of  cells  within  the  yolk  of  the  ovulum 
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of  Mammalia.  Riechert  has  discovered  that  the  formation  of  young 
cells  witliin  the  previously  existing  cells  composing  the  entire  mass  of 
the  yolk  is  a  process  which  continues  during  the  whole  period  of  de- 
velopment in  frogs,  where  the  entire  yolk  is  employed  in  the  building 
up  of  the  embryo.  In  birds,  according  to  the  same  observer,  this  pro- 
cess does  not  take  place;  the  formation  of  young  cells  being  there  limited 
to  that  part  of  the  yolk  which  more  immediately  contributes  to  the  for- 
mation of  the  embryo. 


CHAPTER  I. 

DEVELOPMENT  OF  MAMMIFEROUS  ANIMALS  AND  MAN. 

I,  Development  of  the  ovum  of  Mammalia. — The  transit  of  the 
ovum  from  the  ovary  into  the  Fallopian  tube  sometimes  takes  place 
within  a  few  hours  after  the  act  of  sexual  union:  thus,  Dr.  Barry  found 
that  the  ovulum  of  the  rabbit  left  the  ovary  within  nine  or  ten  hours 
after  the  coitus.  In  other  cases  the  process  occupies  twenty-four  hours^ 
or  even  several  days. 

De  Gmtif  (Opera  Omnia^^.  215.)  observed,  that  the  ovula  of  rabbits 
had  been  discharged  from  the  ovary  three  days  after  the  coitus.  Cruik- 
shank  [PhiL  Transact.  1797,)  found  them  in  the  Fallopian  tube  on  the 
third  day,  and  on  the  fourth  day  in  the  uterus.  Coste  found  ova  of 
rabbits  in  the  uterus  twenty-four  hours  after  sexual  union.  Wharton 
Jones  detected  the  ova  of  a  rabbit  in  the  Fallopian  tube,  two  days  after 
impregnation;  while  in  a  rabbit  which  he  examined  forty-one  hours 
after  its  connection  with  the  male,  no  ova  could  yet  be  discovered  either 
in  the  tubes  or  in  the  uterus.  Prevost  and  Dumas,  instituting  an  ex- 
amination of  two  bitches  eight  days  after  impregnation,  found  ova  in 
the  uterus;  and  in  one  of  the  two  a  single  ovum  was  also  discovered  in 
the  Fallopian  tube. 

According  to  the  researches  of  Bischoff,  made  on  bitches,  the  period 
of  the  escape  of  the  ova  from  the  ovary  is  very  different  in  different 
cases.  The  earliest  time  at  which  he  detected  ova  external  to  the 
ovary  was  thirty-six  hours.  In  one  bitch,  the  ova  had  not  left  the 
Graafian  vesicles  nineteen  hours  after  the  act  of  sexual  union.  In 
another  bitch,  which  fourteen  days  previously  had  ceased  to  have 
coitus  with  the  dog,  the  ova  had  reached  only  the  middle  of  the  Fal- 
lopian tubes.  A  third  bitch  had  refused  the  dog  eleven  days,  and  yet 
the  ova  had  only  just  entered  the  uterus,  and  were  very  backward  in 
their  development.  A  remarkable  fact,  which  seems  quite  unique,  has 
been  observed  in  the  case  of  the  ovum  of  the  roe-deer.  A  very  long 
period  intervenes  between  the  act  of  impregnation  and  the  separation 
of  the  ovum  from  the  ovary.  The  time  of  sexual  union  is  August, 
while,  according  to  the  numerous  observations  of  Pockels,  ( ffleg- 
mann's  Archiv.  1835,  195.  Midler^ s  Archiv.  1836,  183,)  the  ovum 
does  not  leave  the  Graafian  vesicle  and  enter  the  Fallopian  tube  before 
December.    The  period  of  heat  lasts  from  the  end  of  July  to  the  end  of 
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August.    The  ovum  therefore  remains  about  four  months  after  its  im- 
pregnation before  its  development  commences. 

The  primitive  changes  which  the  ovum  undergoes  in  the  Fallopian 
tubes,  and  in  the  uterus,  have  been  described  by  Cruikshank,  Prevost 
and  Dumas,  Von  Baer,  Coste,  Wagner,  Wharton,  Jones,  Bischoff,  and 
Barry. 

Dr.  Barry*  has  made  some  remarkable  observations  relative  to  the  changes  which 
take  place  in  the  ovum  immediately  after  impregnation, — observations  which  seem  to 
bring  us  much  nearer  to  a  perfect  acquaintance  with  that  process.  In  immature  ova, 
according  to  Dr.  Barry,  the  germinal  vesicle  is  situated  at  the  centre  of  the  yolk;  bat 
subsequently  it  passes  to  the  surface.  The  ovum  itself  lies  at  first  in  the  centre  of 
the  Graafian  vesicle;  but  previously  to  impregnation  is  conveyed  to  that  part  of  its 
surface  which  is  nearest  to  the  exterior  of  the  ovary,  and  is  held  there  by  the  **retina- 
cula,"  described  at  page  1470.  The  germinal  spot  is  at  the  same  period  placed  at  the 
surface  of  the  germinal  vesicle.  Such  is  the  condition  of  the  mature  ovum,  ante 
eoitum;  that  is  to  say,  its  essential  parts  lie  as  near  as  possible  to  the  surface  of  the 
ovum  and  Graafian  vesicle.  Post  eoitum^  but  before  the  discharge  of  the  ovum  from 
the  ovary,  the  germinal  spot  passes  to  the  centre  of  the  germinal  vesicle,  and  the 
germinal  vesicle  to  the  centre  of  the  yolk.  The  nature  of  these  changes  in  the  con- 
dition of  the  ovum,  taking  place  after  coitus,  and  the  fact  of  spermatic  animalcules 
having  been  traced  to  the  ovary  itself,  render  it  exceedingly  probable  that  these 
changes  are  produced  by  the  contact  of  the  seminal  fluid.  In  further,  and  more  minute 
researches, f  directed  to  discover  the  state  of  the  ovum  at  the  moment  of  fecundation, 
as  well  as  immediately  before  and  after  that  event,  Dr.  Barry  has  made  the  following 
important  observations: — He  finds  that  the  germinal  vesicle  is  really  the  essential  por^ 
tion  of  the  ovum,  and  that  it  is  the  seat  of  the  most  important  changes  which  imme- 
diately follow  impregnation.  **  It  is  known  that  the  germinal  spot  presents,  in  some 
instances,  a  dark  point  in  its  centre.  The  author  finds  that  such  a  point  is  invariably 
present  at  a  certain  period;  that  it  enlarges,  and  is  then  found  to  contain  a  cavity  fill^ 
with  fluid,  which  is  exceedingly  pellucid.  The  outer  portion  of  the  spot  resolves  itself 
into  cells;  and  the  foundations  of  other  cells  come  into  view  in  its  interior,  arranged  in 
layers  around  the  central  cavity;  the  outer  layers  being  pushed  forth  by  the  con- 
tinual origin  of  new  cells  in  the  interior.  The  latter  commence  as  dark  globules  in 
the  pellucid  fluid  of  the  central  cavity."  '*The  germinal  vesicle,  enlarged  and 
flattened,  becomes  filled  with  the  obiects  arising  from  the  changes  in  its  spot,  and 
the  interior  of  each  of  the  objects  filling  it,  into  which  the  eye  can  penetrate,  pre- 
sents a  repetition  of  the  process  above  described.  The  central  portion  of  the  altered 
spot,  with  its  pellucid  cavity,  remains  at  that  part  of  the  germinal  vesicle  which  is 
directed  towards  the  surface  of  the  ovum,  and  towards  the  surface  of  the  ovary.  M 
the  eorrtsponding  part,  the  thiek  transpartnt  membrane  of  the  ovum,  in  some  instances^ 
appears  to  have  become  attenuated,  in  others  also  cleft.  Subsequently  the  central  portion 
of  the  altered  spot  passes  to  the  centre  of  the  germinal  vesicle;  the  germinal  vesicle, 
refining  its  spherical  form,  returns  to  the  centre  of  the  ovum,  and  a  fissure  in  the 
thick  transparent  membrane  is  no  longer  seen.  From  these  successive  changes  it  may 
be  inferred  that  fecundation  has  taken  place;  and  this  by  the  introduction  of  some  sqIh 
stance  into  the  germinal  vesicle  from  the  exterior  of  the  ovary.  It  may  also  be  inferred, 
that  the  central  portion  of  the  altered  germinal  spot  is  the  point  of  fecundation.  In 
farther  proof  that  such  really  is  the  case,  there  arise  at  this  point  two  cells,  which 
constitute  the  foundation  of  the  new  being.  These  two  cells  enlarge,  and  imbibe  the 
fluid  of  those  around  them,  which  are,  at  first,  pushed  further  out  by  the  two  central 
cells,  and  subsequently  disappear  by  liquefaction.  The  contents  of  the  germinal 
vesicle  thus  enter  into  the  formation  of  the  two  cells.  The  membrane  of  the  germinal 
Tesicle  then  disappears  by  liquefaction.'* 

The  further  changes  which  Dr.  Barry  has  found  the  essential  parts  of  the  ovum  to 
undergo,  up  to  the  formation  of  the  embryo,  are  as  follows:-»Each  of  the  twin  cells 

*  Researches  in  Embryology,  second  series,  Pbilos.  Transact.  1839,  pt  ii.  pp.  312  to  316. 
t  Reraarches  in  Embryology,  third  scries,  read  at  the  Royal  Society,  May  7,  1840; 
London  and  Edinb.  PhiL  Mag.  June,  1840,  and  PhiL  Transact  1840,  pt  ii.  p.  529. 
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gifot  origria  to  two  others,  makinff  four  each  of  these  foar  in  tarn  gives  origin  to  tirot 
by  which  the  number  is  increased  to  eight;  and  this  mode  of  aag[mentation  contiBiMS 
until  the  germ  consists  of  a  mal berry-like  object,  the  cells  of  which  are  so  nomeront 
as  not  to  admit  of  being  counted.  Together  with  a  doubling  of  the  number  of  the 
eells,  there  occurs  a  dimmution  of  their  size.  Every  cell,  whatever  its  minateness,  is 
found  filled  with  the  foundations  of  new  cells  into  which  its  nucleus  has  been  resolved. 
These  foundations  of  new  cells  are  arranged  in  concentric  layers  around  a  pellndd 
point.  Each  cell  in  fact  eihibits  ^the  same  process  of  cellular  development  as  the 
original  parent  cell— the  germinal  vesicle.  The  foregoing  changes  usually  take  place 
In  the  ovum  during  its  passage  through  the  Fallopian  tube.  When  it  has  enterra  the 
uterus,  a  layer  of  cells  of  the  same  kind  as  those  forming  the  mulberry-like  body  makes 
its  appearance  on  the  whole  of  the  inner  surface  of  the  membrane  which  invests  the 
yolk.  t*he  mulberry-like  structure  then  passes  from  the  centre  of  the  yolk  to  a  certain 
part  of  that  layer;  the  vesicles  of  the  latter  coalesce  with  those  of  the  former,  whera 
the  two  sets  are  in  contact,  to  form  a  membrane — ^the  future  amnion;  and  the  interior 
of  the  mulberry-like  structure  is  now  seen  to  be  occupied  by  a  lar^  vesicle  contain- 
ing a  fluid  and  dark  granules.  In  the  centre  of  the  fluid  of  this  vesicle  is  a  spherical 
body,  composed  of  a  substance  having  a  finely  granular  appearance,  and  containing  a 
eavity  filleid  with  a  colourless  and  pellucid  fluid.  This  hollow  spherical  body  seems 
to  be  the  true  germ.  The  vesicle  containing  it  disappears,  and  in  its  place  is  seen  an 
aUiptical  depression  filled  with  a  pellucid  fluid.  In  the  centre  of  this  depreesion 
(which  appears  to  correspond  to  the  area  pelluctda  of  the  bird's  egg)  is  the  germ  still 
piesenting  the  appearance  of  a  hollow  sphere. 

From  uie  germ  the  embryo  now  begins  to  be  formed.  The  germ  separates  into  a 
oentral  and  a  peripheral  poruon,  both  of  wliich,  at  first  appearing  granular,  are  snbse- 
oaently  found  to  consist  of  vesicles.  The  central  portion  occupies  the  situation  of  the 
nitnre  brain,  and  soon  presents  a  pointed  process.  This  process  becomes  a  hollow 
tube,  eihibitin^  an  enlargement  at  its  caudal  eitremity,  which  indicates  the  situation 
di  the  future  sinus  rhomboidalis.  Up  to  a  certain  period  new  layers  of  Tesicles  or 
ImUs  come  into  view  in  the  interior  of  the  central  portion  of  the  germ,  parts  previously 
being  pushed  further  out.  • 


According  to  Dr.  Barry,  there  is  no  structure  in  the  mammireroos 
o?ani  entitled  to  be  denominated  the  <<  germinal  membrane."  The 
^amnion"  is  formed,  as  has  already  been  mentioned,  from  an  epithe- 
lium-like layer  of  celts  which  tines  the  investing  membrane  of  the  OYum, 
and  from  the  outer  cells  of  the  mulberry-like  body,  which  together  con- 
stitute a  layer  corresponding  to  the  « lamina  serosa"  of  authors.  The 
**vascu]ar  lamina"  of  the  umbilical  vesicle  arises  as  a  hollow  process 
originating  from  the  germ  and  extending  beneath  the  amnion  so  as  to 
include  the  yolk.* 

The  "yolk-sac"  of  the  mammiferous  ovum  communicates  with  the 
intestine  of  the  embryo,  at  first  by  a  wide  opening,  and  afterwards  by 
a  duct  or  hollow  pedicle,  the  «  ductus  omphalo-mesentericus,"  which  is 
accompanied  by  the  same  vessels  as  in  the  bird,  the  "vasa  omphalo- 
xnesenterica."  This  yolk-sac  of  Mammalia  is  commonly  called  the 
"umbilical  vesicle,  or  vesicula  umbilicalis."  According  to  Von  Baer'a 
researches,  it  has  an  external  vascular  layer,  and  an  internal  mucous 
layer,  from  which  villous  prolongations  project  into  the  yolk.  These 
villi  or  folds,  which  are  similar  to  those  found  in  the  yolk-eacs  of 
exist  likewise  in  the  umbilical  vesicle  of  the  human  ovuiik  Tbo  **] 
nion"  was  observed  by  Von  Baer  to  hold  the 
abdominal  plates  of  the  embryo,  as  in  the  bii 
developed  in  the  same  manner.    The  "alls^' 

*  This  notice  of  Dr.  Barry's  obaervr 
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the  same  process  as  in  birds;  its  formation  has  been  ehicidated,  more 
especially  by  the  researches  of  Von  Baer  and  Cosle.  Its  blood-vessels 
are  the  "vasa  umbiiicalia." 

Before  the  formation  of  the  urinary  bladder,  the  allantois  comrannicates  with  the 
common  reservoir,  into  which  the  excretory  ducts  of  the  Wolffian  bodies,  the  ureters, 
and  the  organs  of  generation  open,  which  is  called  the  *^  sinus  urogenitaiis/'  The 
urinary  bladder  is  developed  from  the  apex  of  this  cavity;  and  for  a  certain  period  it 
is  continued  into  the  pedicle  of  the  allantois  or  the  urachus.  The  amnion  passing  off 
from  the  margin  of  the  umbilicus,  and  forming  a  bladder-like  investment  for  the 
foetus,  encloses,  as  a  sheath,  all  the  parts  which  issue  from  the  umbilicus;  namely* 
the  pedicle  of  the  umbilical  vesicle  or  yolk-sac,  the  vas.i  omphalo-meseraica,  the 
pedicle  of  the  allantois,  and  its  blood-vessels,  the  vasa  umbilicalia.  These  parts  are 
thus  united  into  a  common  cord,  the  ^^  funiculus  umbilicalis;*'  and  the  sheath  of  this 
cord  the  *^  vagina  funiculi  umbilicalis,**  is  consequently  formed  by  the  amnion. 
Through  the  medium  of  the  vessels  of  the  allantois,  the  vascular  system  of  the  fcetas 
reaches  the  *^  chorion,"  in  the  substance  of  which,  and  in  its  villi,  the  allantoid  or 
umbilical  vessels  ramify. 

While  the  ovum  is  undergoing  the  first  changes  of  development  in 
the  uterus,  it  lies  quite  free  in  the  Qavity  of  that  organ.  But  subse- 
quently an  exudation  is  poured  out  upon  the  inner  surface  of  the  uterus 
which  is  composed  of  cells,  and  constitutes  the  thin  "  membrana  de- 
cidua"  of  the  mammiferous  ovum.  Into-this  membranous  uterine  pro- 
duction, which  is  especially  distinct  in  .carnivorous  animals,  (Bojanvs, 
loc.  cit.)  the  villi,  growing  from  the  chorion  of  the  ovum,  become  inserted. 
At  a  still  later  period,  the  ovum  enters  into  another  kind  of  union  with 
Ihe  uterus,  by  means  of  the  placenta,  the  structure  of  which  will  be 
described  hereafter, 

2.  Development  of  the  human  ovum. — The  human  ovum,  in  all 
probability,  does  not  reach  the  uterus  before  the  lapse  of  a  week  after 
impregnation.  On  the  eighth  day.  Von  Baer  could  detect  no  ovum 
either  in  the  uterus  or  in  the  Fallopian  tube.  Home  and  Bauer  state^ 
that  they  found  an  ovum  on  the  seventh  day;  but  some  doubt  attaches 
to  their  observation.  The  ovum  observed  by  E.  H.  and  E.  Weber  was 
of  the  date  of  a  week  after  impregnation.  The  earliest  ova  examined 
by  Velpeau,  belonged  to  a  period  between  the  tenth  and  twelfth  days; 
they  were  already  beset  with  villi,  but  presented  no  embryo.  In  an 
ovum  of  fourteen  days  Von  Baer  saw  the  embryo. 

Before  the  ovum  reaches  the  uterus,  the  formation  of  a  new  structure, 
the  "  membrana  decidua,"  upon  the  inner  surface  of  that  organ,  and 
corresponding,  therefore,  to  its  inner  surface  in  form,  has  commenced. 
Ed.  Weber  observed  it  on  the  seventh  day  after  coitus  had  taken  place. 
It  then  resembled  a  layer  of  lymph,  effused  from  the  inner  surface  of 
the  uterus,  upon  and  between  the  enlarged  vascular  villi  of  that  surface.* 
This  membrane  exists  in  animals  also;  but  in  a  less  highly  developed 
form.  It  is  sometimes  formed  in  the  uterus  of  the  human  female,  in 
cam  of  extra-nterine  foetation,  though  not  always;  and  in  a  case  of 
^^Jf^ig^ni  of  the  ovam  in  the  Fallopian  tube,  the  membrana  decidua 

red  both  in  the  uterus  and  in  the  tube.    The  membrana 

of  a  whitish  grey,  moist,  and  soft  mass,  similar  to 

Uid  entirely  formed  of  nucleated  cells.t    The  vessels 

rionim  pael1«,  vii.  a  conceptione  die  defuncts. 

to,  on  the  cell  alar  structure  of  the  djecidua  in  Schwano'e 
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of  (he  uterus  are  prolongecl  into  this  product.  The  thickness  of  the 
membrane  somelimes  equals  from  one  to  three  lines.  Its  outer  surface 
is  intimately  connected  with  the  uterus,  and  when  artificially  detached^ 
or  separated  spontaneously,  is  rough,  while  its  inner  surface  is  smooth. 
The  relation  which  the  decidua  bears  to  the  openings  of  the  uterus  is 
not  always  the  same;  it  is  sometimes  closed  at  the  lower  orifices  of  the 
Fallopian  tubes,  and  at  the  upper  entrance  of  the  cervix  uteri;  some- 
times it  is  open  at  all  these  points  or  at  one  or  other  of  them.  R.  Wagner 
(MfckePs  Jirchiv.  1S30,  and  Physiologie,  p.  114-117,)  is  quite  correct 
in  staling  that  all  these  varieties  may  occur.  The  ajrvix  uteri  is  occu- 
pied by  a  mere  gelatinous  mucus. 

When  iho  ovum  enters  the  uterus,  it  becomes  imbedded  in  (he  eiructore  of  the 
decidua  which  is  jet  quite  Bofl.  The  earlifst  ova  which  have  been  observed  in 
oonneciion  wiih  the  decidua,  were  not  cnniained  free  in  its  raviij,  but  appeared 
to  be  implanted  in  it  or  pressed  into  il  from  without;  the  decidua,  al  ihe  point  of 
entrance  of  tlie  ovum,  being  protruded  inwards,  end  the  ovum  coninined  in  a  hollow 
of  ii3  entemal  BurfHre.  (See  Both,  de  Memhrand  decidua.  Bonns,  IB31.)  During  the 
farlhcr  growth  of  ihe  ovum,  the  decidua  becomps  more  and  more  inverted  at  this  point, 
the  inverted  part  beini;  received  into  the  cavity  of  Ihe  rest  of  the  membrane.  Thia 
inverted  porlion  is  called  (he  decidua  reHexe,  while  the  oihpr  pari  of  the  membrane  is 
called  the  decidua  vera.  The  decidua  vera  and  the  decidua  reflexa  have  the  aame 
•Ituclure,  which  difTera  totally  from  lliat  of  the  mucous  membrane  of  the  uterus.  They 
are,  in  fact,  new  products.  Il  musi  not  be  imasined  that  the  process  by  whicti  iba 
decidua  rcliexa  is  formed,  is  a  mechanical  one,  that  the  ovum,  as  il  enters  the  utertis. 
Bushes  ihe  membrane  before  it;  for,  like  all  processes  of  the  same  kind,  which  occur 
in  the  animal  organism,  this  one  is  eSected  Ly  the  vital  vegetative  action  exerted  in  ■ 
determinate  direction.  The  cavity  of  ihe  decidua  between  ihe  decidua  vera  and  the 
decidua  rellexa,  contains  an  albuminous  fluid,  the  "hydroperione"  ofBreschet.  At  the 
part  where  the  uterine  expansion  of  the  decidua  is  interrupted  by  the  reflexion  inwards 
of  the  decidua  reflexa,  and  where  the  ovum  entered,  the  place  of  the  former  membrane 
M  supplied  by  another  mass  similar  to  it,  and  connected  at  its  margfns  with  it,  the 
•'decidua  serotina."  When  young  ova  are  examined  in  the  uterus  both  the  decidua 
Tere  and  the  decidua  reflexa  are  generally  found;  but  in  aborted  ova  this  is  seldom  the 
case,  a  part  of  the  decidua  being  roost  frequently  retained  in  the  uterus.  As  the  ovum 
increases  in  eize,  the  decidua  vera  and  the  decidua  reflexa  Ejadualiy  come  into  contact, 
and  in  the  third  month  of  pregnancy  the  cavity  between  them  has  quite  disappeared. 
Henreforih  it  is  very  diflicuil,  or  even  cjuile  impossible  10  disiinnuish  the  two  layers. 
During  the  further  viowih  of  the  ovum  the  decidua  becomes  still  thinner,  but  is  not 
entirely  lost.  At  birlii  a  part  of  it  remains  behind  in  the  uterus,  while  a  pari  comes 
away,  forming  a  tliin  membranous  covering  of  the  ovum.* 

The  first  connection  which  subsists  between  the  ovum  and  the  de- 
cidua, consists  in  the  ramified  villi  of  the  chorion  becomiti|r  imbedded 
in  the  hollow  canals  which  traverse  ihe  decidua.  The  villi  extend 
through  these  canals  in  tlie  manner  of  roots,  and  thus  draw  nourish- 
ment Ircin  a  niatcrna!  slrttclure  wiihotit  having  any  organic  cotmectiou 
therewith. 

According  to  the  recent  researches  of  E.  II.  'Weber  commutiicatcd  to 
me  in  inanuscripl,  the  decidna  is  composed  in  greater  part  of  the  tubular 
follicles,  which  lie  very  closely  arranged  at  the  inner  surface  of  the 
Uterus,  and  of  numerous  blood-vessels  ramifying  upon,  and  between 
them.  Ill  atiimals,  the  long  tubular  follicles,  here  and  there  bifurcated, 
lie  in  the  substance  of  the  uterus  iiself.and  open  upon  iis  iimcr  surface 

ler,  Physiologie, 
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by  numerous  orifices.*  In  the  human  subject  they  form  the  decidaa.t 
When  the  inner  surface  of  the  decidua  is  examined,  numerous  filaments 
can  be  seen  in  its  substance;  tolerably  regularly  disposed,  and  directed 
towards  the  surface.  These  filaments  resemble  closely  set  villi,  except 
that  ihey  do  not  lie  free;  the  interspaces  between  them  being  filled  with 
the  substance  of  the  decidua.  If  the  cut  surface  of  a  divided  uterus  is 
examined  in  the  bright  sunliglit,  with  a  lens,  these  supposed  villi  are 
seen  to  be  long  and  thin  cylindrical  tubuli,  which  become  somewhat 
narrowed  where  they  reach  the  free  surface  of  the  decidua,  while  at  the 
attached  or  uterine  surface  of  that  membrane  they  become  wider,  are 
much  convoluted,  and  appear  to  commence  by  closed  extremities.  If 
the  substance  of  a  pregnant  uterus  is  compressed,  a  thick  whitish  fluid 
exudes  upon  the  surface  of  the  decidua,  similar  to  the  secretion  which 
may  be  expressed  from  the  uterine  glands  of  animals.  The  decidua 
presents  at  its  inner  surfaces  numerous  orifices,  which  have  been  long 
known,  and  which  appear  to  be  the  mopths  by  which  two  or  more  of 
the  tubuli  open.  Besides  these,  however,  there  must  be  many  orifices 
of  single  tubuli  which  are  not  visible.  The  tubuli  are  almost  a  quarter 
of  an  inch  in  length,  and  here  and  there  bifurcate;  the  branches  being 
as  wide  as  the  trunk  of  the  follicle.  This  character  completely  distin- 
guishes them  from  the  blood-vessels  which  run  in  contact  with  them; 
for  the  blood-vessels  form  a  net-work  or  loops,  or  at  all  events  ramify, 
diminishing  in  diameter  at  each  division.  The  diameter  of  the  follicles 
is  about  A  of  a  Paris  line;  that  of  the  capillaries  lii  of  a  Paris  line.J 

Connection  of  the  foetus  with  the  uterus  in  Mammalia  and  Man.^ 
The  ovum  appears  to  have  a  firm  connection  with  the  uterus  in  all 
Mammalia,  with  the  exception  of  the  Marsupialia  and  Monotremata. 
The  means  of  attachment  are  always  either  vascular  villi  or  folds  of  the 
chorion,  and  the  chorion  receives  its  blood-vessels  from  the  vasa  umbili- 
calia  of  the  fcBtus,  which  are  distributed  upon  the  allantois,  and  by  it  are 
conducted  to  the  chorion.  The  villi  are  sometimes  distributed  over  the 
whole  surface  of  the  chorion,  as  in  the  Hog  family,  the  Solidungula,  the 
Camel  family,  and  the  Cetacea;  sometimes  they  form  a  zone  around  the 
ovum,  as  in  Carnivora;  at  other  times  they  are  collected  into  several 
masses  scattered  over  the  chorion,  the  cotyledons,  as  in  most  Rumi- 
nantia;  and  lastly,  in  man  and  some  other  animals  they  form  a  single 
placenta  upon  one  side  of  the  chorion.    The  double  placenta  sometimes 

*  See  E.  H.  Weber,  in  his  Edition  of  Hildebrandt^s  Anatom.  Bd.  iv,  p.  505* 
Barckhardt,  Obs.  Anat  de  uteri  vaccini  fabrica.  Basil.  1834.  £.  H.  Weber,  Anoot. 
Anat.  186. 

t  Engraved  representations  of  the  Decidua  will  be  fonnd  in  Dr.  Hunter's  Gravid 
Uterus,  Plates  33  and  34;  in  Velpeau's  Embryologie,  Paris,  1833;  in  Seiller's  Gebi^ 
mutter  und  das  Ei  des  Menschen  in  den  ersten  Schwanprerschaftsmonaten.  Dresden^ 
1833;  in  Kilian*s  Gehurtshulfl.  Atlas.  Tab.  zxiv.;  and  m  C.  Mayer's  Icones  Selects* 
Bonn,  1831,  Tab.  ▼.  Figs.  6,  7,  and  8. 

:|;  Dr.  Sbarpey  has  been  for  some  time  engaged  in  investigating  the  structure  and 
fbnetionB  of  the  membrana  decidua  and  the  uterine  slands. 

)  Writings  on  the  subject.  Von  Baer,  Untersuchungen  iiber  die  Gefassverbindung 
iwitehen  Mutter  and  Frucht  in  den  Saugethieren.  Leipz.  1838.  E.  H.  Weber  in 
Hi]debraiidt*8  Anatomie,  Bd.  iv.  p.  496,  in  Froriep's  Notiz.  1835,  Bd.  46,  p.  90.  and 
b  WaoMi*!  Pfay^oloffie,  p.  134.    Eschrich t,  de  organis,  que  reBpirationi  et  nutritioni 

HHiaaimaliamiBserTiimt.    Haihis.  1837. 
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obtenred  in  the  Rodentia  appioaches  dosdy  to  the  last  fbnn.  Coi^ 
lespoDdiog  to  the  vascular  villi  of  the  foetal  chorion  and  placenta  there 
are  depressions  npon  the  inner  surface  of  the  uterus  in  which  the  villi 
are  imbedded  like  roots  in  the  soil.  When  the  villi  are  aggregated  to- 
gether at  particular  points  of  the  chorion  so  as  to  form  cotyledons,  the 
uterus  has  at  corresponding  points  maternal  cotyledons, — projecting 
cop-like  bodies,  pierced  by  innumerable  tubular  cavities,  which  receive 
the  villi  of  the  foBtal  cotyledons.  In  the  human  subject  the  placenta 
nterina  is  a  growth  of  the  decidua  uterina,  which  at  the  part  correspond- 
ing to  the  fcBtal  placenta  undergoes  an  excessive  development,  and  pene- 
trates the  substance  of  the  festal  placenta,  passing  between  the  tufts  of 
Tilli  even  as  far  as  the  chorion.  In  all  cases,  whether  the  villi  are  scat- 
tered over  a  wide  surface,  or  aggregated  into  masses,  the  object  attained 
is  a  great  increase  of  the  surface  of  contact  between  the  chorion  and  the 
uterus.  Two  principal  modifications  of  the  form  in  which  this  increase 
of  surface  is  given  are  to  be  observed,  namely,  the  development  of 
lamified  villi  imbedded  in  the  uterus,  and  the  formation  of  folds  on  both 
chorion  and  uterus,  which  are  interposed  between  each  other. 

l%e  PbeenUu-^The  haman  plaeeata  it  throaghoat  composed  of  two  elements,  the 
parts  of  the  placenta  fcetalts  and  those  of  the  placenta  oterina  intenningled.    The 
mtal  plaeeota  consists  entirel?  of  dense  tufts  of  branched  Tascalar  riUi,  whUst  the 
aterine  placenta  is  formcNl  of  the  substance  of  the  decidua,  which  penetrates  between 
the  Tilli  of  the  foBtal  placenta  CTcn  to  the  surface  of  the  chorion,  and  completely  ea- 
<^oses  them.    The  exact  relation  which  the  two  parts  bear  to  each  other  is,  howerert 
aeeording  to  Professor  E.  H.  Weber,  Tory  different  in  man  and  in  Mammalia.    la 
MammaUa  the  vascular  villi  of  the  foetus  are  received  into  the  vascular  sheaths  of  the 
vterine  placenta,  bo  that  the  capillaries  of  the  fcetal  and  those  of  the  maternal  system 
'eorne  into  contact  with  each  other,  and  suffer  an  interchange  of  the  matters  which  they 
eootain.    In  the  human  subject,  on  the  contrary,  the  vascular  villi  of  the  fcetus  dip  into 
wld^  blood-vessels,  which  arise  from  the  uterine  system,  and  which  permeate  the 
whole  uterine  portion  of  the  placenta;  the  looped  capillaries  of  the  foBtus  being  thus 
sorrounded  and  bathed,  as  it  were,  in  the  maternal  blood.    The  ends  of  the  villi  aie 
ibrmed  by  the  inosculating  loops  of  the  minute  arteries  and  veins  of  the  fcetus;  which, 
however,  have  the  distinguishing  character  that  the  same  vessel  makes  several  turns 
from  one  loop  into  another  before  it  enters  the  nearest  venous  trunk.    The  vessels 
belonging  to  the  maternal  system,  which  penetrate  the  uterine  portion  of  the  decidua 
and  in  all  parts  contain  villi  of  the  foetal  portion,  may  be  readily  filled  with  injection 
from  the  arteries  of  the  uterus.     Eschricht  inclines  to  ihe  opinion,  that  in  man  as  in 
Mammalia,  only  the  capillaries  of  the  decidua  come  into  contact  with  the  looped  ves- 
sels of  the  villi.     Weber,  on  the  contrary,  maintains  that  the  uterine  arteries  and  veins 
on  entering  the   spongy  substance  of  the  placenta,  no  longer  ramify  and  give  off 
branches  and  twigs,  but  take  the  form  of  a  net-work,  the  canals  of  which  are  much 
larger  than  the  ordinary  capillaries.     The  extremely  thin  parietes  of  these  canals, 
according  to  Weber,  apply  themselves  to  all  the  branches  and  capillary  loops  of  the 
vessels  which  form  the  foetal  villi,  so  that  even  here  the  structure  consists  essentially 
in  two  sets  of  vessels  being  brought  into  the  closest  possible  contact.*     The  recent 
observations  of  Dr.  J.  Reid  (Edinb.  Med.  and  Surg.  Journ.  No.  146,)  agree  in  the 
most  important  points  with  those  of  Weber,  but  yel  differ  from  them  in  some  partico- 
lars.    According  to  Dr.  Reid,  tho  blood  sent  from  the  mother  to  the  placenta  is  poured 
by  the  curling  arteries  of  the  uterus  *^into  a  large  sac  formed  by  the  inner  coat  of  the 
vascular  system  of  the  mother;  which  is  intersected  in  many  thousand  different  direc- 
tions by  the  placental  tufts  projecting  into  it  like  fringes,  and  pushing  its  thin  wall 
before  them  m  the  form  of  sheaths,  which  closely  envelope  both  the  trunk  and  each 
individual  branch  composing  these  trunks.    From  this  sac  the  maternal  blood  is 

*  See  (he  account  of  Webcr^s  more  recent  researches  in  connection  with  this  subject  in 
Wogncr*s  Pliysioiogio,  p.  124. 
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fehirned  by  the  utero-placental  veins  without  having  been  extraTasated,  or  without 
having  loft  her  own  system  of  vessels.'*  The  uterine  vessels,  according  to  Dr.  Reid, 
do  not  form  a  network  in  the  substance  of  the  placenta  as  described  by  Weber. 
Further,  Dr.'Reid  has  observed,  that  the  tufts  of  the  placental  vessels  are  prolongred 
into  some  of  the  uterine  sinuses,  a  fact  not  noticed  by  Weber.  Dr.  Reid  states  also, 
that  in  the  placental  tufts  each  branch  of  the  umbilical  artery  is  bound  up  with  a  branch 
of  one  of  the  umbilical  veins,  and  that  both  of  them  divide  and  subdivide  exactly  in 
the  same  manner,  and  terminate  by  inosculation  with  each  other  at  the  blunt  exti'emi- 
ties  of  the  branched  tufts.  It  appears,  however,  that  this  description  of  the  structure 
of  the  placental  tufts  is  erroneous.  In  a  paper  on  the  structure  of  the  placenta,  recently  ' 
sent  in  to  the  Royal  Medico-chirurgical  Society  by  Mr.  Dalrymple,  most  satisfactory 
confirmation  is  given  to  Weber*s  account  of  the  mode  of  termination  of  the  foetal  ves- 
sels in  the  placental  tufts.  Several  drawings,  made  by  Mr.  Dalrymple  before  he  had 
seen  the  figures  given  by  Weber  in  Wagner's  Icones,  bear  the  most  remarkable 
resemblance  to  those  figures.  The  minute  arteries  and  veins  are  not  bound  up  toge- 
ther,  two  and  two;  but  the  same  capillary  tuhe,  arising  from  an  arterial  trunk,  makes 
several  convolutions  and  forms  several  loops  before  it  terminates  in  a  vein. 

In  the  human  subject,  as  in  Mammalia,  there  is  no  passage  of  blood 
from  the  vessels  of  the  mother  into  those  of  the  foetus,  and  vice  versd. 
When  the  placenta  is  injected  from  the  vessels  of  the  mother,  as  can  be 
readily  done,  only  the  vessels  of  the  maternal  portion  of  the  placenta 
are  filled.  And,  on  the  other  hand,  the  passage  of  injected  matters 
from  the  umbilical  arteries,  or  vein,  of  the  fetus  into  the  vessels  of  the 
uterus,  by  no  means  proves  the  existence  of  a  communication  between 
the  two  sets  of  vessels;  for  the  injected  mass  becoming  extravasated 
from  the  vascular  loops  of  the  foetal  placenta,  must  pass  directly  into 
maternal  vessels,  and  if  forced  onwards  necessarily  filis  the  veins  of  the 
uterus. 

The  placenta  fcetalis  and  the  placenta  uterina  can  be  separated  in 
some  animals  with  great  ease,  and  without  injury  to  either;  but  in 
other  animals  and  man  they  cannot  be  detached  from  each  other  with- 
out laceration.  Von  Baer  remarks  that  the  foBtal  cotyledons  of  the 
Ruminanlia,  when  they  are  only  slightly  developed,  adhere  so  firmly 
to  the  maternal  cotyledons  which  form  sheaths  for  the  villi,  that  it  is 
impossible  in  their  fresh  state  to  withdraw  them  uninjured.  But  after 
a  short  period  has  elapsed  they  are  easily  separable,  and  then,  accord- 
ing to  Von  Baer,  there  is  always  found  between  the  embryonic  and  the 
maternal  part  of  the  cotyledon  a  mass  of  thickish  consistetice,  the  origin 
of  which  is  a  matter  of  doubt.  It  may  be  derived  either  from  the 
sheaths  of  the  maternal  cotyledon,  or  from  the  villi  of  tlie  foetal  cotyle- 
don, or  from  both.  It  has  probably  formed  a  layer  of  active  organic 
cells,  which  played  an  important  part  between  the  two  systems  of  ves- 
sels. When  the  cotyledons  of  the  rutninants  separate  at  the  time  of 
birth,  the  vascular  tufts  of  the  villi  remain  uninjured.  The  Mammalia 
present  great  varieties  in  the  process  of  the  separation  of  the  placenta. 
E.  H.  Weber  divides  these  varieties  into  two  classes.  To  the  first  class 
belong  those  cases  in  which  the  two  placenta  (the  foetal  and  the  ute- 
rine) are  so  loosely  connected  that  they  separate  without  either  receiv- 
ing any  injury.  The  uterus  here  suffers  no  lesion,  and  the  uterine 
placenta:  remain  after  birth,  and  merely  diminish  in  size:  this  is  the 
process  in  the  ruminants,  horses,  and  hogs.  The  second  class  includes 
those  instances  where  the  two  portions  of  the  placentae  are  so  inti- 
mately united  that  the  uterine  portion  is  torn  away,  together  with  the 
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fetal  portion,  at  the  time  of  birth.  Here  the  utenu  reoeires  a  wonnd* 
and  the  placentse  are  deciduoas  organs,  which  must  be  renewed  at 
each  gestation.  This  class  is  exemplified  in  man,  the  Camivora  and 
the  Rodentia.  {See  Froriqp^a  Noiiz.  46  Bd.  p.  90.  Compare  EscArieht, 
ioe.  cit.) 

Nutrition  qf  the  Fos/u^.-^-There  is  a  period  in  the  growth  of  the 
ovum  which  precedes  the  development  of  blood-vessels.    Since  the 
chorion  and  its  villi  are  composed  of  nucleated  cells,  similar  to  thoee 
which  are  the  active  agents  in  the  growth  and  vegetative  changes  of 
the  primitive  structures  of  the  embryo,  previous  to  the  formation  of 
vessels  and  the  circulation  of  blood,  the  growth  of  the  villi  of  the 
chorion  long  before  the  development  of  the  blood-vessels  is  an  intelli- 
gible phenomenon.    These  vilK  then  attract  matters  from  the  surround- 
ing fluids,  and,  like  the  cellular  structures  of  plants,  convey  them 
onwards,  transmitting  them  from  one  cell  to  another,  until  they  aoccu 
mulate  in  the  interior  of  the  ovum.    This  is  the  essential  process  in  all 
organic  absorption,  even  when  blood-vessels  and  lymphatics  exist;  for 
even  in  the  intestines  the  vascular  villi  are  invested  by  a  sheath  formed 
of  nucleated  cells,  which  exert  the  same  action  as  the  cortical  cells  of 
the  spongiola  of  the  roots  in  plants.    When  the  blood-vessels  of  the 
embryo  have  reached  the  chorion  and  its  villi,  these  blood-vessels 
which  have  beeil  developed  from  cells,  and  participate  in  the  active 
properties  of  cells,  absorb  the  nutriment.    The  nutritive  matters  thus 
absorbed  are  supplied  either  by  the  blood  of  the  mother  in  which  the 
villi  float,  as  in  the  human  placenta,  or  as  in  Mammalia  by  the  white 
•ecretion  of  the  uterine  glands.  The  absorbed  nutriment  enters  directly 
into  the  blood  of  the  foetus.    The  process  thus  maintained  between  the 
fetal  and  the  maternal  blood  supplies  the  process  of  respiration  to  the 
fetus,  or  an  equivalent  for  that  process. 

There  is  no  other  mode  of  nutrition  to  which  great  importance  can 
be  ascribed.  It  is  true,  the  amnion  may,  by  the  organic  action  of  its 
cells,  absorb  fluids  from  the  chorion,  and  deposit  nutriment  in  the  form 
of  a  small  quantity  of  albumen  in  the  liquor  amnii.  The  liquor  amnii 
enters  the  mouth  of  the  foetus,  and  certainly  reaches  the  intestinal 
canal  as  well  as  the  trachea.  For  in  the  stomach  of  the  foetus  of  the 
human  subject,  as  well  as  of  mammiferou^  animals,  there  have  been 
found  hairs  derived  from  the  lanugo  or  first  hair  of  the  foetus,  which 
falls  out  and  becomes  mixed  with  the  liquor  amnii.  But  this  mode  of 
nutrition  by  means  of  the  liquor  amnii  can  at  most  be  of  very  trifling 
and  very  inadequate  amount. 


SECTION  11. 

OP  BIRTH  AND  THE  CHANGES  OF  DEVELOPMENT  WHICH  TAKE  PLACE 

AFTER  BIRTH. 

CHAPTER  I. 

Of  Birth. 
a.  The  process  of  birth. — In  nine  solar  or  ten  lunar  months  the  de- 
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▼elopment  of  the  human  embryo  is  completed.  During  this  period  the 
uterus  serves  as  the  medium  of  communication  between  the  maternal 
system  and  the  foetus,  and  itself  undergoes  -an  increase  of  substance,  by 
the  constant  development  of  new  muscular  fi  bres  of  organic  life.  These 
muscular  fibres  are  developed  by  the  same  process  as  that ,  by  which 
muscles  are  originally  formed  in  the  embryo;  hence  at  this  period  all 
the  stages  in  the  development  of  this  tissue  may  be  observed  simulta- 
neously in  the  uterus.*  The  muscular  power  of  the  uterus,  however, 
remains  in  a  latent  state.  When  the  process  of  development  is  com- 
plete, the  child  becomes  independent  of  the  maternal  system,  and  is  as 
it  were  a  foreign  body  in  the  uterus,  which  reacts  against  it  by  muscular 
contractions.  These  contractions  of  the  uterus  are  the  cause  of  birth. 
Similar  contractions  of  the  uterus,  however,  occur  even  when  the  foetus 
is  not  contained  in  its  cavity,  (in  graviditas  extra-uterina,)  at  the  time 
of  the  interruption  of  the  physiological  connection  between  the  mother 
and  the  child.  The  contractions  of  the  uterus  being  attended  with  the 
violent  compression  of  living  structures,  are  generally  productive  of 
pain,  and  hence  are  called  "pains/'  They  recur  at  regular  periods, but 
even  in  the  intervals  of  the  "pains'*  the  uterus  is  not  relaxed  but  con- 
tinues to  embrace  its  contents.  After  birth  the  contractions  of  the  uterus 
are  still  repeated  for  a  certain  length  of  time,  and  are  then  called  "after- 
pains.'*  In  women  who  have  died  before  giving  birth  to  their  child, 
contractions  of  the  uterus  have  frequently  taken  place  after  death,  and 
have  caused  the  expulsion  of  the  foetus  when  the  mother  has  been  no 
longer  living.  The  uterine  contractions  appear  to  commence  at  the  os 
uteri,  to  be  propagated  towards  the  fundus,  and  again  to  return  thence 
towards  the  mouth  of  the  uterus.  By  this  succession  of  muscular  con- 
tractions the  fcetus  is  first  raised  and  then  propelled  downwards  towards 
the  OS  uteri,  when  the  lips  or  sphincter  of  the  latter  part  become  thinned 
and  dilated.  These  movements,  like  those  for  the  expulsion  of  the 
urine  or  faeces,  when  energetic,  are  aided  by  the  muscles  of  the  abdomi- 
nal parietes  and  the  diaphragm,  which  diminish  the  cavity  of  the  abdo- 
minal capacity  from  above,  from  the  front,  and  from  the  sides.  The 
action  of  these  voluntary  muscles  under  these  circumstances  is  involun- 
tary and  regulated  by  the  law  of  the  consentaneous  movements  as  well 
as  by  that  of  the  reflected  movements;  for  the  uterus  is  the  seat  both  of 
violent  movements  and  of  intense  impressions  on  sensitive,  or  centripetal 
nerves.  At  the  same  time  many  of  the  muscles  of  the  trunk  exhibit  a 
tendency  to  consentaneous  effort;  the  extremities  seek  points  of  resist- 
ance; the  breath  is  held;  and  the  arms  seize  anything  which  is  capable 
of  giving  support  during  the  contraction  of  the  abdominal  cavity.  In 
the  last  month  of  pregnancy  the  uterus  sinks  lower  in  the  pelvis. 
Towards  the  termination  of  the  period  of  utero-gestation,  also,  the  posi- 
tion of  the  foetus  is  such  that  its  long  axis  corresponds  to  the  long  axis 
of  the  uterus,  and  that  some  part,  generally  the  head,  applies  itself  to 

'*  Not  less  remarkable  is  the  development  which  the  nerves  of  the  uteros  undergo 
during  pregnancy.  These  nerves  have  been  dissected  with  great  labour  both  in  the 
impre|rnnted  and  in  the  unimpregnated  uterus  by  Dr.  R.  Lee,  and  will  be  described  by 
him  in  the  forthcoming  volume  of  the  Philosophical  Transactions.— 7Van«/a/or. 
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the  08  Uteri  or  ^presents''  itself.  The  knees  of  the  child  are  drawn  am 
the  arms  folded  across  the  breast^  and  the  head  pressed  down  towards 
the  sternum.  In  the  process  of  birth  the  part  of  the  child,  passing 
through  the  pelvis,  adapt  their  longest  diameter  to  the  longest  diameter 
of  each  region  of  that  cavity,  and  hence  they  make  a  spiral  turn.  la 
the  most  frequent  cases,  those  in  which  the  head  presents,  the  process 
is  generally  as  follows.  The  antero-posterior  diameter  of  the  inlet  of 
the  pelvis  will  not  allow  the  passage  either  of  the  greatest  (antero- 
posterior) diameter  of  the  head  or  of  the  breadth  of  the  hips  of  the 
•  child,  but  the  head  of  the  child  can  pass  with  its  long  diameter  either  in 
the  transverse  or  in  the  diagonal  or  oblique  diameter  of  the  pelvis.  Birth 
begins  by  the  long  diameter  of  the  head  of  the  child  being  placed  in  the 
oblique  diameter  of  the  inlet  of  the  pelvis.  As  the  successive  pains 
oause  the  head  to  descend  lower,  its  long  diameter  comes  to  correspond 
with  the  antero-posterior  diameter  of  the  cavity  of  the  pelvis,  so  that  in 
the  most  common  variety  of  head  presentations  the  vertex  and  occiput 
are  now  placed  under  the  pubes,  while  the  face  looks  towards  the  hol- 
low of  the  sacrum.  In  consequence  of  the  curvature  of  the  canal  of  the 
pelvis,  the  part  of  the  child  which  descends  along  the  anterior  wall  of 
the  cavity  travels  through  a  very  small  space,  while  the  part  descending 
along  the  posterior  wall  describes  a  large  arc  of  a  circle. 

The  process  of  birth  is  asually  divided  into  several  sts|ne8.  The  first  comprehends 
the  period  extending  from  the  commencement  of  the  ^  puns"  t6  the  epenior  of  the  os 
ttten;  the  second  reaches  to  the  rapture  of  the  membranes  of  the  OTom.  This  takes 
pkoe  when,  the  os  oteri  having  opened,  a  part  of  the  membranes  containing  the  liquor 
amnii  are  protmded  throaf;h  it  in  the  form  of  a  poach;  this  poach  bursts  and  the 
**  waters**  escape.  The  third  stage  extends  from  the  raptare  or  the  membranes  to  tbs 
presentation  of  the  head  at  the  oatlet  of  the  pelvis.  Doring  this  stage  the  head  de- 
scends through  the  dilated  os  oteri  into  the  vagina.  In  the  fourth  stage  the  oceipol 
sseapes  from  the  ezKemal  parts  of  generation,  wherenpon  the  other  parts  of  the  cbiU 
f<^ow,  theshonlders  entering  the  pelvis  in  the  oblique  diameter  of  its  inlet,  and  leaving 
it  in  the  antero-posterior  diameter  of  its  cavity.  Daring  the  last  stage  of  birth,  the 
"after-birth/*  consisting  of  the  placenta  and  the  membranes  of  the  ovum,  is  expelled. 
For  after  the  birth  of  the  child  the  contractions  of  the  uterus  continue;  and  in  conse- 
quence of  the  part  to  which  the  placenta  was  attached  becoming  very  much  contracted, 
that  organ  is  separated,  an  etfusion  of  blood  takinjir  place  from  the  torn  vessels.  The 
separation  and  expulsion  of  the  placenta  occur  in  from  half  an  hour  to  an  hour  after  the 
birth  of  the  child;  so  that  all  the  stages  of  delivery  are  completed  in  the  space  of  six 
or  twelve  hours.  When  the  after-birth  is  expelled,  the  uterus  contracts  still  mors 
closely.* 

In  animals  the  process  of  birth  is  in  general  attended  with  less  difficulty  than  in  the 
human  snecies,  both  on  account  of  the  wedge-like  form  of  the  head  of  the  foetus,  which 
is  preceded  in  its  passage  through  the  pelvis  by  the  fore-feet,  and  on  account  of  the 
greater  mobility  of  the  os  coccygis.f  In  the  vampires  the  birth  of  the  young  is  facili- 
^  tated  by  the  pubic  bones  not  being  united  in  the  middle  line  in  these  animals,  and  in 
Cavia  aperea  and  other  animals  by  the  symphysis  pubis  being  capable  of  dilatation. 

b.  The  mother  and  child  after  birth. — The  child  breathes  immedi- 
ately, and  cries  as  soon  as  its  respiratory  organs  are  relieved  from  the 

*  See  F.  C.  Naegele,  Ueber  den  Mechanismus  der  Geburt,  in  Mockers  Archiv.  t. 
T.  1819,  p.  483.  Hueter,  im  Encycloped.  Worterb.  d.  Med.  Wise.  xiv.  p.  44.  Those 
readers  who  desire  more  full  information  respecting  the  process  of  birth  and  its  raria- 
tions,  should  consult  the  above  treatises  and  special  works  on  midwifery, — such  as 
those  of  Carus,  Stein,  Busch,  Kilian,  Ritgen,  and  H.  F.  Naegele. 

t  See  Stein,  Unterschied  zwischen  Mensch  and  Thier  im  Uebaren.   Bonn,  1820. 
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pressure  to  which  they  were  subjected  during  birth.  The  umbilical 
cord  is  tied  and  divided  by  the  persons  assisting  at  the  labour.  In 
brutes  the  umbilical  cord  generally  becomes  ruptured  spontaneously 
during  birth  at  a  soft  spot  not  far  distant  from  the  navel;  in  some  cases 
it  is  bitten  asunder  by  the  mother.  The  umbilical  vessels  soon  contract, 
so  that  their  cavity  is  quite  obliterated.  During  the  first  two  or  three 
weeks  after  birth,  also,  the  foramen  ovale  in  the  septum  auriculorum, 
and  the  ductus  arteriosus  Botalli  become  closed;  and  hence  from  this 
period  all  the  blood  sent  to  the  body  must  pass  through  the  lungs,  and 
vice  versd;  the  pulmonary  circulation  now  becoming  a  part  of  the 
general  circuit  which  the  whole  mass  of  blood  performs,  whilst  before 
merely  a  fraction  of  the  blood  in  the  general  circulation  traversed  the 
lungs. 

The  newborn  mammiferous  animals  instinctively  seek  the  teals  of 
the  mother,  and  the  newborn  child  also  exhibits  a  constant  impulse  to 
suck  every  object  which  is  offered  to  it. 

In  the  maternal  organism,  during  the  first  days  of  the  puerperal  state, 
the  secretion  of  milk,  which  had  shown  itself  in  a  slight  degree  during 
pregnancy,  becomes  suddenly  increased,  and  the  organic  activity  which 
was  previously  expended  in  the  uterus  is  now  transferred  to  the  breasts; 
while  all  the  maternal  feelings  at  first  expressed  in  the  mother's  joy  at 
the  birth  of  her  living  but  helpless  offspring,  are  concentrated  in  the 
fond  office  of  nourishing  and  protecting  the  child.  A  bloody  discharge 
in  moderate  quantity,  the  "  lochia,"  flows  from  the  female  organs  during 
some  days  after  birth,  and  then  is  succeeded  by  a  serous  discharge  which 
gradually,  as  the  inner  surface  of  the  uterus  regains  its  state  of  integrity, 
becomes  a  mere  mucous  secretion.  The  secretion  of  milk  is  excited  in 
increased  quantity  by  the  mechanical  irritation  of  the  nipples  during  the 
^ct  of  sucking,  and  by  all  ideas  of  the  mother  relating  to  the  nourishing 
and  presence  of  the  child.  When  once  in  existence,  this  secretion  may 
often  be  maintained  for  a  very  long  and  indefinite  period,  as  is  observed 
in  brutes,  and  sometimes  also  in  the  human  female.  Usually,  however, 
it  diminishes  in  quantity  when  the  menstrual  flux  reappears  about  the 
ninth  month.  In  women  who  do  not  suckle  their  children,  the  men- 
strual flux  is  generally  restored  at  an  earlier  period,  about  the  sixth 
week  after  birth. 

The  milk  of  pregnant  women,  and  of  puerperal  women,  immediately  after  birth,  is 
called  the  **  colostrum."  According  to  the  obsenrations  of  M.  Donne,  it  contains,  be- 
sides the  ordinary  milk  or  fat  globules,  peculiar  granulated  corpuscules  which  may  be 
detected  in  it  until  about  the  twentieth  day  after  birth.  The  proper  milk  globules 
which  give  the  milk  its  white  colour  consist  principally  of  fatty  matter;  but  they 
seem  to  bo  invested  by  a  layer  of  some  other  substance,  since  they  are  not  very  readily 
dissolved  by  alcohol  and  ether.  When  milk  is  left  at  rest,  the  fat  globules  collect, 
for  the  most  part,  at  the  surface  of  the  fluid  and  form  the  cream,  which  consists  of  the 
fat  of  milk  or  butter.  When  milk  is  subjected  to  continued  agitation,  the  fat  globules 
coalesce  and  form  butter;  and  when  this  is  removed,  merely  tne  fluid  part  of  the  milk 
remains.  This  fluid  holds  in  solution  the  other  components  of  milk,— namely  the 
casein,  the  sugar  of  milk,  and  the  salts.  The  fattj  matter  of  milk  is  one  of  those 
fats  which  are  destitute  of  nitrogen,  and  convertible  into  soap. 

The  casein  is  soluble  both  in  warm  and  in  cold  water,  and  is  not  coagulated  bv 
boiling.  It  is  precipitated  by  alcohol,  corrosive  sublimate,  alum,  and  acetate  of  lead; 
the  precipitate  in  every  case  being  redissolved  by  water  after  the  reagent  has  been  le- 
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moted  bj  wuhingr.  Adds  in  tniaH  qoantitiet  preeipitate  the  casein;  bot  wben  sddad 
in  eicesSt  the^  ladiBSolve  the  precipitate.  Pepsin  and  the  rennet  containinjf  it  exert 
m  pecaliar  action  on  casein;  they  precipitate  it  and  at  the  same  time  render  it  inaolable 
in  water.  The  ferro-cyanoret  of  potassiom  renders  the  solotion  of  casein  in  acids 
tnrbid,  or  precipitates  the  casein.  In  respect  of  its  elementary  ccnnposition,  casein, 
and  consequently  milk,  are  to  be  ranlced  amongst  the  natritive  substances  which 
sbonnd  in  nitrogen.  According  to  Mulder's  snalysis,  it  contains,  in  addition  to  s 
small  proportion  of  sulphur  (namely  0.41)— 

Carbon 55.10 

Hydrogen  .       •  .  6^7 

Nitrogen 15.95 

Oxygen SI. 63 

Both  the  other  principal  ingredienta  of  milk,  the  fatty  matter,  and  the  sugar  of  millc, 
are  destitute  of  nitrogen.  After  the  separation  of  the  hotter  and  the  casein  from  milk, 
the  sugar  remains  in  solution.  The  sugar  of  milk  crvstalllaes  readily:  when  pore  it 
is  not  susceptible  of  fermentation:  but,  under  the  influence  of  the  asotiaed  casein,  it 
appears  to  become  changed  into  sugar  of  mucus.  The  composition  of  the  sugar  of 
milk,  according  to  the  analyses  of  Gay-Lussac,  Thenard,  Prout,  and  Benelius,  is  ss 
follows:— 

Carbon 40.46 

Hydrogen         .        •       •        .      6.60 
Oxygen 5^3 

Fresh  milk  of  the  human  female  is  slightly  alkaline;  cow*s  milk,  sTen  when  fresh.  Is 
sometimes  feebly  acid;  but,  when  allowed  to  stand  for  somj  time,  and  especially  when 
the  atmosphere  is  in  a  state  of  electric  tension,  all  milk  becomea  acid  owinff  to  the 
transformation  of  some  of  its  components,  probsbly  of  the  sugar.  The  acid  of  sov 
milk  is  lactic  acid. 

The  milk  of  different  animals  is  not  identical  in  all  respects.  Simon  found  that  the 
casein  of  the  milk  of  the  human  female  was  not  precipitated  by  acids.  This  was 
probably  owing  to  the  amall  quantity  of  the  casein  contained  in  the  milk,  and  tin 
large  quantity  of  add  added.  For  a  diluted  solution  of  casein  is  not  precipitated  except 
by  the  smallest  quantity  of  add.    A  alight  excess  of  acid  redissolves  the  casein* 

The  milk  of  the  human  female  is,  amwding  to  Payen,  of  the  following  compoal* 
tion:— 

Batter         •              ,           .           .           .  .  5.18  .   5.16  or   5.90 

Caedn                             .           .           .           .       .  0.24  .   0.16  or   '0J25 

Solid  residue  of  the  evaporated  floid  of  the  milk  .  7.86  .   7.63  or    7.93 

Water         .               .           .           .            .  .  85.80  .  8G.00  or  85.50 

Cow^s  milk,  from  which  the  cream  had  been  removed,  was  found  by  Berzelius  to 
contain:— 

Of  casein,  will)  a  portion  of  the  fatty  matter  .  .  2.600 

Sugar  of  milk  .......  3^00 

Alcoholic  cxtroct,  lactic  acid  and  its  salts      ....  0.600 

Chloride  of  potasiiium  .  .  .  .  .  .0.170 

Alkaline  phosphate     .......  0.0525 

Phosphate  of  lime,  free  lime  combined  with  cascine,  magnesia,  and 

traces  of  oiyde  of  iron       ......  0ii30 

Water  ........  92.875 

The  specific  weight  of  human  milk,  is  from  1.020  to  1.025;  that  of  cow's  milk, 
1.03.» 

•  See  Donn^,  Do  lait  et  en  particulier  de  celui  des  Nourriccs.  Paris,  1837.  Muller*! 
Archiv.  1839,  p.  182.  Henie,  Froriep's  Notiz.  1839.  p.  223.  Simon,  die  Fraucniuilch.  BerL 
1838.    Marchand  in  Encydop.  Wortcrb.  d.  Med.  Wisaensch.  23  Bd.  p.  309. 
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CHAPTER  II. 

OF  THE  DIFFERENT  AGES  OR  PERIODS  OF  LIFE. 

Processes  of  development  continue  to  be  in  operation  after  birth 
through  a  great  part  of  life,  although  they  are  of  a  less  important 
nature  than  those  perfected  in  the  foetal  state.  It  is  only  in  a  few  classes 
and  orders  of  animals  which  undergo  metamorphoses,  (as  the  Insecta, 
some  Crustacea,  the  Cirrhopoda,  the  Hydrachinda  amongst  spiders,  and 
the  Amphibia  amongst  Vertebrate  classes),  that  fundamental  changes 
of  form,  and  the  new  development  of  organs  and  groups  of  organs,  are 
observed  after  the  termination  of  embryonic  life.  The  changes  of  de- 
velopment which  occur  in  the  higher  animals  and  man  after  birth  are 
limited  to  certain  modifications  of  form,  &c.,  which  mark  the  different 
ages  or  period  of  life.  Adopting  that  division  of  the  life  of  a  human 
being  which  is  defined  by  the  most  remarkable  processes  of  develop- 
ment or  by  their  completion,  we  may  distinguish  the  following  ages  or 
periods  of  life. 

1.  The  period  of  embryonic  l\fe. — During  this  period  the  processes 
of  formation  and  growth  are  in  their  greatest  activity.  The  organs 
which  are  being  formed  present  none  of  their  functional  phenomena,  or 
only  the  gradual  commencement  of  them.  In  the  Amphibia  there  is 
DO  distinction  of  sex  during  embryonic  life;  in  fact,  the  organs  of 
generation  are  not  formed.  These  organs  are  developed  in  the  larva  a 
considerable  time  after  its  escape  from  the  ovum.  In  the  rest  of  the 
Vertebrata,  however,  the  distinguishing  marks  of  the  sexes  become  ma- 
nifest during  embryonic  life.  The  causes  which  determine  the  sex  of  the 
embryo  are  unknown,  although  it  appears  that  the  relative  age  of  the 
parents  has  some  influence  over  the  sex  of  the  offspring.*  In  animals 
which  bring  forth  many  young  at  a  birth,  one  act  of  coitus  produces 
both  males  and  females,  and  in  those  animals  in  which  the  impreg- 
nation of  the  ova  is  effected  out  of  the  body,  the  same  seminal  fluid 
fecundates  ova  which  yield  young  of  both  sexes.  But  how  different 
soever  the  proportion  of  the  sexes  in  different  families,  in  larger  num- 
bers they  always  bear  an  equal  proportion.  The  law  which  effects 
this  equalisation  of  the  numbers  of  the  sexes  is  in  operation  in  each 
individual  of  the  species.  The  equalisation  of  particular  deviations 
from  the  general  proportion  is  the  result  of  an  original  provision,  just 
as  is  the  balance  of  the  gain  and  loss,  or  of  the  "even"  and  "odd"  in 
lotteries  or  any  game  of  chance  which  is  governed  by  a  general  law. 

2.  The  period  of  immaturity. — This  period  extends  from  birth  to 
puberty.  It  is  marked  by  growth,  by  the  development  of  the  forms  of 
the  different  parts  of  the  body,  and  by  the  gradual  perception  and  ana- 
lysis, by  the  mind,  of  the  different  phenomena  of  the  senses.     Several 

*  See  Giroa  de  Bouzareingoes,  Ann.  d.  Sc.  Nat.  t.  xi.  pp.  115,  314;  t.  xiii.  p.  134. 
Hofacker,  De  qnalitat.  parent,  in  sobol.  transeant.  Diss,  prass.  Tubing.  1827;   and 
Heasinger,  Zeitschrift  for  org.  Physiol,  t.  ii.  p.  446. 
12 


^ 


S4  PERIOD  OF  MATURITT. 


local  phases  of  development  occur  in  this  period;  for  example,  in  the 
human  subject  the  first  irruption  of  the  teeth,  beginning   about  the 
middle  of  the  first  year  after  birth,  and  the  displacement  of  the  tem- 
porary teeth  by  the  permanent  set,  which  commences  in  the  sixth  year. 
The  changes  of  development  afford  a  basis  for  the  establishment  of  a 
period  of  childhood,  extending  to  the  sixth  year,  and  a  period  of  boy- 
hood, reaching  to  the  fourteenth  or  fifteenth  year.    In  the  former  of 
these  periods  the  necessity  for  nourishment  is  greatest,  the  changes  of 
material  which  the  organs  suffer  is  more  rapid  and  greater  in  degree, 
and  the  quality  of  the  food  is  consequently  now  of  the  greatest  impor- 
tance.    Hence,  in  childhood,  the  organs  frequently  become   affected 
with  various  defects  of  material  composition,  or  defects   which   are 
maintained  by  improper  food  being  given.     Such  are   the  diseases 
called  mollities  ossium,  scrofula.     When  the  period  of  boyhood  com- 
mences, the  mind  has  acquired  the  capacity  and  strength  required  for 
the  accumulation  of  knowledge  and  for  its  own  cultivation;  the  pro- 
cess of  growth  now  progresses  less  rapidly;  and  the  organs  of  the  body 
receive  their  permanent  material  composition.   This  is  the  age  occupied 
by  education  and  mental  culture,  when  the  foundation  is  laid  in  which 
all  the  future  operations  of  the  mind  have  their  root. 

3.  The  period  of  maturity  begins  at  puberty  and  ends  at  the  period 
when  the  generative  power  is  lost,  which  in  woman  occurs  about  the 
forty-fifth  or  fiftieth  year.  The  period  of  maturity  may  be  subdivided 
into  the  ages  of  youth,  and  manhood  or  womanhood.  While  the 
changes  of  development  more  especially  characterising  puberty,  and 
already  described,  take  place,  the  organs  of  respiration  and  voice  (as 
has  been  mentioned  in  the  section  on  the  voice)  undergo  a  further  ae- 
vel6pmeut,  and  the  external  form  of  the  different  parts  of  the  body  is 
perfected;  the  features  at  this  period  frequently  undergoing  a  very 
rapid  change  and  taking  that  character  which  they  afterwards  retain 
throughout  life.  The  previously  boyish  countenance  now  serves  to 
express  more  violent  passions;  the  leading  influence  of  others  ceases 
and  is  no  longer  tolerated;  the  tricks  of  the  child  are  cast  off,  and  the 
errors  of  the  youth  who  has  become  independent,  who  trusts  to  his 
own  experience  and  feels  himself  free,  begin  to  manifest  themselves. 
The  corresponding  changes  take  place  earlier  and  more  rapidly  in  the 
female  organism,  and  hence  the  girl  deserts  the  games  still  followed  by 
boys  of  equal  age,  upon  whom  she  looks  down  with  contempt,  though 
when  they  also  have  passed  the  period  of  puberty  she  is  timid  and 
bashful  in  their  presence.  In  both  sexes  the  imagination  is  now  most 
active;  this  is  the  period  when  the  mind  is  most  under  the  influence  of 
a  poetical  fancy,  when  it  is  devoid  of  envy,  avarice,  and  jealousy,  and 
is  filled  with  open  disinterested  friendship.  A  boundless  field  of  action 
and  meditation  is  in  prospect.  The  limits  to  his  capabilities  of  which 
the  serious,  cold  man  becomes  conscious,  are  yet  unknown.  Love  is 
the  centre  of  the  most  noble  feelings.  The  vegetative  development,  as 
far  as  it  regards  the  individual,  is  now  complete,  and  the  increase  of  the 
organic  force  is  applied  to  the  new  products  of  the  generative  function. 
Those  individuals  in  whom  the  formative  and  equalising  power  was  at 
first  unstable  and  the  material  composition  of  the  organism  defective, 
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alread7  manifest  an  inability  to  resist  the  action  of  external  stimuli, 

f)articiilarly  when  these  are  applied  to  such  important  organs  as  the 
ungs;  for  the  lungs  at  this  period,  on  account  of  the  increased  develop- 
ment which  they  are  undergoing,  possess  an  extraordinary  degree  of 
irritability.  Hence  when  the  system  has  undergone  the  changes  of 
puberty,  there  frequently  appears  a  predisposition  to  pulmonary  disease, 
which  had  previously  remained  latent  during  the  active  growth  and 
development  of  the  different  parts  of  the  body,  just  as  hectic  frequently 
ceases  during  pregnancy. 

tVhile  the  body  continues  to  grow,  the  epiphyses  of  the  bones  remain 
separated  from  the  diaphyses  by  sutures;  the  elongation  of  the  bones 
taking  place  at  these  points.  When  the  individual  has  attained  his  full 
stature,  the  epiphyses  become  united  to  the  diaphyses  by  ossification. 

In  the  age  of  manhood  the  slim  forms  of  youth  frequently  give  place 
to  greater  bulkiness  and  obesity  of  figure,  which  manifests  a  failing  in-  . 
fluence  of  the  formative  power  over  the  masses  of  the  body.  At  this 
period  of  life  also  the  mind  has  attained  its  maturity,  has  laid  aside  the 
exuberance  of  the  feelings,  and  is  conscious  of  efforts  made,  of  endea- 
vours miscarried,  of  the  fimits  of  its  faculties  and  of  the  feeling  of  pos- 
session; life  has  become  more  tranquil;  the  views  of  the  individuals 
are  more  clear  and  more  serious;  he  still  has  his  passions,  but  they  are 
active  in  another  direction,  in  the  acquisition  of  possessions  and  in 
self-defence. 

Within  the  age  of  manhood  there  is  no  predominant  disposition  to 
diseases  of  particular  organs.  Yet  in  advanced  manhood  the  morbid 
changes  by  degrees  manifest  a  preference  for  those  organs  which  are 
chiefly  engaged  in  impressing  chemical  changes  on  the  matters  sub- 
mitted to  their  influence,  for  example  in  the  large  glandular  viscera; 
and  the  weakened  vegetative  power  is  the  less  able  to  resist  obnoxious 
agencies  the  more  frequently  they  are  excited.  It  is  not  the  lungs  which 
now  suSer;  after  the  excitement  which  they  experience  in  youth  those 
organs  gradually  regain  a  state  of  repose.  The  organs  of  the  abdomen 
are  now  especially  subject  to  the  abnormal  changes;  whilst  the  effects 
of  foregone  disturbances  of  the  nervous  system  are  more  percepti- 
ble and  more  enduring  than  in  youth  when  the  foundation  for  them 
possibly  was  laid.  The  age  of  manhood  is  moreover  particularly  prone 
to  mental  diseases  owing  to  the  intensity  of  the  shocks  to  which  the 
mind  at  this  period  of  life  is  subject. 

4.  The  last  great  period  of  life  may  be  designated  the  period  rf  iteriliti/.  It  extends 
from  the  cessation  of  the  fruitful  exercise  of  the  generative  function  to  extreme  old  age. 
The  form  of  the  body  now  loses  its  plumpness  and  **  turgor.'*  The  growth  of  the  hair 
which  began  on  the  head,  and,  subsequently,  in  the  periods  of  youth  and  manhood« 
extended  to  the  face,  ceases  also  first  on  the  bead  and  continues  to  extreme  age  only 
in  the  beard.  In  old  age  also  ihere  is  manifested  a  tendency  to  the  deposition  of 
calcareous  salts  in  the  cartilages  and  coats  of  the  blood-vessels.  The  teeth  or  their 
remains  lose  their  firm  attachment  to  the  jaw-bones,  and  after  they  have  fallen  out,  the 
alreoli  disappear.  Hence  the  jaw-bones  in  old  age  become  shortened.  In  this  period 
of  life,  when  all  the  derelopment  is  at  an  end,  there  is  a  more  or  less  uniform  diminu- 
tion in  the  energy  of  the  different  vital  functions,  while  the  intensity  of  the  propensi- 
ties, inclinations,  and  sympathies,  the  acuteness  of  the  senses,  the  liveliness  of  the 
fancy,  and  the  spirit  of  self-defence  and  resistance  fail.  Very  few  individuals  reaoh 
an  age  in  which  this  diminution  of  the  facalties  leads  imperceptibly  to  the  close  of 
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natural  life.    TnmoBt  perunslhe  foundation  of  prsmaluTe 

Bui  even  independentl;  of  ihia  circumstance  the  organii 
procesBpa  of  doTelopmeDt  are  completed,  bears  a  etrongc 
aclilicLnl  mechaniani  than  does  the  primary  form  of  bei 
chaniam  of  the  bodj  out  of  its  own  maaa,  and  therefote 
whil^h  it  niiT  suffer.  In  old  age  a  Blight  disturbance  pri 
ia  capable  vt  arresting  the  wbole  mechaniim.* 


C0NCLITDIH6  REMARKS  ON  THE  VARIETIES  OF 

From  ihis  review  of  the  process  of  developi 
aniinal  organism,  we  are  brought  back  again  l 
the  general  forms  to  which  the  iiidividiials  belong 
or  genera;  and  ihus  the  conclusion  of  the  "Spt 
necis  itself  with  these  considerations  which  were 
legameiiaon  General  Physiology."  The  races 
suffer  modifications  under  the  various  conditioni 
posed  it)  iheir  distribution  over  tlie  surface  of  the 
cations  do  not  exceed  the  limits  marked  out  by  i 
theyare  perpetuated  as  types  of  "varieties"  of  tl 
cessive  gcuerations.  It  is  to  these  phenomena  i 
now  be  directed. 

It  is  important  in  this  inquiry  to  attach  defii 
"species"  and  "variety."  The  species  is  a  livin 
individiia.  beings,  which  reappears  in  the  prod 
certain  invariable  characters  and  is  constantly  re 
rative  act  of  similar  individuals.  The  latter  cha 
species  from  hybrid  forms.  It  is  not  an  exclnsivf 
form  which  we  denominate  species,  that  one  fori 
tion  is  capable  of  productive  union  with  anoiht 
racier  is  inadequate  to  mark  liie  two  individuG 
belonging  to  otic  species.  For  individuals  beic 
species  of  one  genus  are  Ukewise  in  some  instai 
gating  wiih  each  other,  as  in  (he  cases  of  the  < 
horse  and  ass,  wliere  mules  or  hybrids  are  produ 
genus,  represented  by  different  species  and  ind 
pable  of  Iruiirul  union  with  individuals  of  specie 
genus.  Hilt  hybrids,  the  production  of  which  is 
the  naiurDJ  repugnance  of  the  individuals  of  diffe 
live  unioti,  cannot  propagate  their  distinguishing 
lion.  The  sexual  union  of  hybrids  is  generally 
fruitful,  as  in  ihe  case  of  the  union  of  a  hybrid 
one  of  the  species  which  had  co-operated  lo  fori 
duct  relapses  into  the  type  of  one  of  the  original 
reproduction  of  Ihe  same  form  by  the  sexual 
viduals  is  therefore  an  invariable  and  essentia 
species.t 

"  Varieties"  are  forms  represented  by  individm 


•  The    iiihjfcl  of  Ihn    difTcrenl  aget  of  niBti'B  life   ia  Irestc 
lume  of  litrdicli's  PhyBiotugie. 

t  Conauli  on  Ihis  subject  Rudolph!,  Beitrage  lur  Antbi 
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the  definition  of  the  species.  The  individuals  constituting  one  variety 
are  capable  of  fruitful  union  not  only  with  each  other  but  also  with 
indiviciuals  belonging  to  other  «<  varieties"  of  the  same  species.  Indi- 
viduals belonging  to  different  genera  are  not  capable  of  fruitful  union; 
and  individuals  of  different  species  can  propagate  with  each  other,  but 
their  products  cannot  reproduce  their  peculiar  form  by  generation; 
varieties  have  both  these  faculties.  The  mixed  race  produced  by  the 
union  of  two  races  is  capable  of  propagation  by  union  with  similar  indi- 
viduals; but  the  union  of  the  mixed  race  with  the  original  race  which 
had  concurred  in  its  production  yields  an  offspring  which  in  successive 
generations  approaches  more  and  more  nearly  to  the  type  of  the  un- 
mixed races.  These  characters  suflSciently  distinguish  the  "variety"  of 
a  species,  which,  when  permanent,  is  a  "race."  The  variety  may 
however  be  otherwise  defined  and  distinguished  from  the  species.  The 
different  species  always  remain  distinct.  The  races  composing  them 
present  no  stages  of  transition  of  one  species  into  another.  Where  dif- 
ferent forms  of  animals  exhibit  this  gradual  transition  of  the  one  into 
the  other,  they  cannot  be  regarded  by  the  zoologist  as  distinct  species. 
With  the  "  variety"  the  case  is  otherwise.  There  is  a  remote  possibility 
that  the  similar  productive  individuals  of  one  variety  of  a  species,  or  a 
race,  inasmuch  as  they  contain  within  themselves  the  essential  proper- 
ties of  the  species,  might  produce  all  the  other  varieties  of  the  species, 
provided  the  internal  and  external  conditions  necessary  thereto  were  in 
action  during  a  long  series  of  generations.  But  there  is  no  remote  possi- 
bility of  one  species  being  produced  from  another.  All  the  phenomena 
at  present  observed  in  the  animal  kingdom  seem  to  prove  that  the 
species  were  originally  created  distinct  and  independent  of  each  other. 
While  the  different  varieties  of  each  species  may  be  accounted  for  by 
supposing  the  original  existence  of  a  pair  of  individuals  of  opposite 
sexes  belonging  to  the  same  species,  and  the  constant  action  of  different 
external  modifying  agencies,  such  as  that  of  climate,  upon  several  or 
many  successive  generations. 

The  causes  which  give  rise  to  the  varieties  of  species  are  partly 
seated  in  the  organisms  of  the  animals  themselves,  and  partly  external 
conditions, — such  as  the  food,  the  elevation  above  the  sea,  and  the 
climate.  Each  species  of  plants  and  animals  possesses  within  itself  a 
power  of  variation  within  a  certain  limit,  quite  independently  of  any 
external  influences.  To  this  cause  are  to  be  referred  the  varieties  of 
form  which  may  present  themselves  in  the  offspring  of  one  act  of  gene- 
ration. In  each  individual  of  a  species  there  is  an  innate  capability  of 
producing  such  varieties  as  these,  since  each  individual  of  a  species  does 
not  produce  by  generation  the  mere  repetition  of  itself,  but  generates 
the  new  beings  in  accordance  with  laws  which  regulate  the  whole 
species.  Thus  from  the  same  parents  there  may  be  produced  individuals 
with  fair  and  others  with  dark  hair;  some  of  spare  and  slender  figure, 
and  others  of  plump  and  stout  robust  form;  individuals  of  different  tem- 
peraments, and  with  different  features,  eyes,  mouth,  and  nose,  with  hair 

Natur-geschichte.  Berlin,  1812.  Prichard,  Naturgeschichte  des  Menschen-geschlecbts. 
Leipz.  1840,  p.  174.  Physical  History  of  Man,  London,  translated  into  German  by 
Radolph  Wagner;  and  also  the  notes  of  Wagner  in  the  same  work,  p.  439. 
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in  some  instances  curly,  and  in  others  straight.  The  most  common 
.  varieties  arising  in  this  way  from  internal  causes,  are  the  fair  and  the 
dark  haired.  Fair  persons  are  occasionally  met  with  amongst  races  for 
the  most  part  characterised  by  black  hair, — for  example,  amongst  the 
Mongolians:  and  Dr.  Prichard  adduces  several  examples  of  fair-com- 
plexioned  negroes  who  were  not  albinos. 

It  is  true  that  these  varieties  are  chiefly  due  to  the  parents  being  individuals  of  dif- 
ferent complexions,  and  to  the  characteristics  sometimes  of  one  and  sometimes  of  the 
other  being  predominant  in  the  offspring.  But  even  when  the  parents  have  the  same 
complexion,  a  certain  variety  of  forms  and  internal  properties  may  present  itself  in  the 
offspring.  In  consequence  of  the  mingling  of  these  different  varieties  in  marriage, 
their  peculiarities  are  not  preserved,  and  are  not  propagated  as  constant  fixed  types. 
It  is  easy  to  conceive  the  conditions  which  must  be  combined  in  order,  independently 
of  climate,  food,  and  locality,  to  convert  these  accidental  varieties  into  persistent  types* 
The  longer  individuals  of  the  same  stock  continue  to  unite  in  marriage,  without  foreign 
admixture,  the  longer  will  the  type  to  which  they  belong  be  preserved.  In  this  way, 
and  independently  of  all  external  influences,  a  race  will  be  formed.  Sometimes  when 
the  type  has  become  fixed  through  a  series  of  generations  in  the  members  of  a  family, 
even  the  admixture  of  a  foreign  type  is  not  sufficient  to  efface  the  fixed  characters  of 
the  family,  and  the  foreign  element  becomes  lost  in  the  older  fixed  type.  Hence  we 
see  in  many  royal  families  that  in  spite  of  their  union  by  marriage  with  other  houses, 
the  type  of  the  family  features  is  in  a  remarkable  way  preserved  and  transmitted  from 
generation  to  generation, — as,  for  example,  in  the  Bourbon  family,  and  equally  in  many 

I  princely  houses  in  Germany.  It  was  previously  shown  how  one  family,  being  iso- 
ated  by  the  intermarrying  of  its  members  exclusively  with  each  other,  might  produce 
a  nation  or  tribe  with  general  distinguishing  characters.  History  teaches  us  how  the 
national  type  once  formed  is  preserved  in  spite  of  individual  variations  through  thou- 
sands of  years,  and  that,  except  when  modified  by  admixture  with  other  types,  it  is 
maintained  unchanged,  as  in  the  case  of  the  Jews,  even  in  the  most  varied  climates 
which  produce  their  peculiar  modifications  of  form  and  complexion. 

The  propagation  of  like  with  like  is,  however,  capable  ot  perpetuating,  not  merely 
a  physical  type  forming  one  of  the  varieties  of  a  species,  but  also  the  faculty  which 
individuals  acquire  by  education.  The  peculiar  properties  of  the  hound,  the  shep- 
herd's dog,  and  the  watch-dog,  for  example,  are  all  comprehended  in  the  general  notion 
of  the  species;  and  it  is  probable  that  in  the  brood  of  a  single  wild  dog,  or  in  the  gene- 
rations descended  from  tins  brood,  through  the  inherent  tendency  of  the  species  to  the 
production  of  varieties,  individuals  occur  which,  when  tamed,  discover  very  different 
talents, — the  one  being  more  adapted  for  the  chase,  another  for  lending  of  sheep,  and 
a  third  for  keeping  watch  or  guarding  property.  But  the  education  and  rearing  of  the 
dogs  with  the  requisite  endowments  for  the  purposes  mentioned,  cause  the  faculties  thus 
improved  or  acquired  to  be  transmitted  to  succeeding  generations,  when  this  object  is 
provided  for  by  the  pairing  of  males  and  females  with  similar  endowments. 

Varieties  of  species  are  also  produced  by  external  influences;  and  the  longer  the 
action  of  these  causes  is  continued,  the  more  constant  does  the  particular  variety 
become,  and  the  more  does  it  acquire  the  character  of  a  type.  To  these  external 
causes  belong  the  climates  or  zones  in  which  the  animals  live.  The  warmth  or  cold- 
ness of  the  climate  has  an  especial  influence  on  the  fur  or  hairy  coat  of  animals. 
Most  animals,  as  is  well  known,  have  two  kinds  of  hair  in  their  coat, — namely,  long 
and  stiff  hairs,  and  between  these  a  shorter,  curly,  woolly  hair.  Now,  the  further  a 
sheep  is  carried  towards  the  north,  the  more  equal  does  the  proportion  of  the  two  kinds 
of  hair  in  the  coat  become;  while  in  sheep  living  in  southern  countries  the  woolly  hair 
increases  in  quantity  at  the  expense  of  the  stiffer,  longer  hair.  This  is  exemplified  in 
the  merino  sheep  inhabiting  the  mountains  of  Spam.  Climate  modifies  also  the 
'*  habitus*'  and  size  of  animals.  Cattle  transported  from  the  temperate  zones  of 
Europe, — for  example,  from  Holland  or  England  to  the  East  Indies, — are  said  to 
become  considerably  smaller  in  their  succeeding  generations.*  On  the  other  hand, 
the  skin  of  the  cattle  carried  to  South  America  has  in  a  series  of  generations  gradually 
become  so  much  changed  in  its  properties,  that  the  Brazilian  hides  now  supply  the 

*  Sco  Sturm,  Ubcr  Racen,  Kreuzung,  und  Vcredlung  der  landwirthschufllicheD  Hausthiera 
Elberleiii,  1B25,  p.  54. 
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best  leather.  The  guinea-pig,  Cavia  aperea,  which  in  its  native  coantry  is  of  a  grey 
colour,  since  itb  introduction  into  Europe  has  become  changed  into  a  variety  marked 
with  brown,  black,  and  white  spots.  The  elevation  of  the  locality  above  the  sea  also, 
independently  of  the  degree  of  latitude,  has  an  influence  over  the  forms  of  animals. 
According  to  Stnf'm,  the  hog  in  low  countries  or  districts,— as  in  East  Friesland,— 
attains  the  greatest  size  of  trunk,  with  long  and  deep  flanks,  but  with  short  legs. 
While  in  proportion  as  the  country  the  hog  inhabits  is  elevated  above  the  level  of  the 
sea,  the  smaller  and  more  compressed  becomes  its  body,  the  less  tapering  and  shorter 
its  head;  the  shorter  and  thicker  its  neck,  and  the  more  rounded  its  hind  quarters.  But 
the  food  also  modifies  the  form  and  nutrition  of  animals;  hence  in  the  low  countries  of 
Holland,  East  Friesland,  and  Holstein,  the  cattle  are  remarkable  for  their  large  size, 
and  for  the  abundant  supply  of  milk  which  they  yield,  while  they  are  defective  in 
both  these  qualities  in  barren  Iceland. 

The  concurrence  of  different  conditions  of  internal  as  well  as  external 
nature,  which  cannot  be  severally  defined,  has  produced  the  existing 
races  or  fixed  varieties  of  different  species  of  animals;  the  most  re- 
markable of  which  varieties  are  to  be  met  with  in  those  species  which 
are  susceptible  of  the  most  extended  distribution  over  the  surface  of 
the  earth. 

The  principal  modifications,  in  addition  to  those  of  external  form, 
are  to  be  found  in  the  skin,  in  the  coat,  the  horns,  and  the  adipose 
deposits.  Sometimes  the  ears  are  lengthened  and  become  pendulous, 
— as  in  the  Kirghisic  sheep,  and  some  varieties  of  the  dog;  sometimes 
the  horns  are  wanting, — as  in  the  English  sheep,  or  are  spirally  twisted, 
— as  in  the  Hungarian  sheep;  sometimes  the  adipose  tissue  is  accumu- 
lated in  the  form  of  a  hump  on  the  back, — as  in  the  little  zeburind,  or 
in  the  tail,— as  in  the  sheep  of  Thibet  and  the  bucharei;  sometimes  the 
hair  of  the  coat  is  curled,  as  in  the  poodle-dog,  or  forms  a  very  thick 
wool,  as  in  the  merino  sheep.  In  the  human  species  also  prolongations 
of  the  skin,  varieties  in  its  appendages,  and  local  accumulations  of  fat 
occur  in  different  races;  for  example,  the  elongation  of  the  nymphas 
and  their  commissures  in  the  Hottentot  females  and  the  females  of  the 
Bosjesman  or  Bushman  race;  the  straight  hair  which  may  be  abundant 
or  scanty,  the  curly  hair  and  the  woolly  crisp  hair,  and  the  accumulation 
of  fat  about  the  buttocks  and  sacrum  of  the  Hottentot  and  Bosjesman 
females. 

The  modifications  in  the  form  of  the  species  produced  by  the  influ- 
ence of  climate  are  seldom  so  deeply  rooted,  that  they  are  not  gradually 
lost  when  the  climate  is  changed,  and  then  they  may  be  replaced  by  the 
peculiarities  produced  by  the  new  climate.  Thus  the  wool  of  merino 
sheep,  imported  by  Englishmen  into  some  of  the  South  Sea  Islands, 
has  soon  become  changed  into  straight  hair.  The  wool  of  the  same 
variety  of  sheep,  when  they  are  transported  to  Peru  and  Chili,  very 
soon  gives  place  to  straight  stiff  hair.  {Sturm^  op.cit.  p.  42  and  50.) 
A  German  gardener  repeatedly  imported  the  seeds  of  the  white  cabbage 
from  Germany  into  Naples  in  order  to  rear  heads  of  cabbage  which  at 
the  latter  place  were  still  unknown;  but  he  always  failed,  for  he  could 
raise  only  leafy  cabbage,  or  the  cauliflower  variety.  According  to 
Sturm  also,  the  Siberian  naked  barley,  Hordeum  cssleste,  when  grown 
on  the  Rhine  frequently  degenerates  into  common  barley. 

There  are,  however,  examples  of  typical  varieties  produced  by  influ- 
ences connected  with  climate,  which  have  not  lost  their  peculiarities  in 
successive  generations  wiien  transplanted  to  a  different  climate,  provid- 
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ed  the  preservation  of  the  type  has  been  favoured  by  the  individuals  of 
the  variety  constantly  propagating  with  each  other.  The  different  races 
of  mankind  afford  the  most  striking  examples  of  this  fact. 

The  races  of  the  human  species  answer  to  the  general  notion  of  a 
«  race;"  they  are  different  forms  of  one  species  which  are  capable  of 
fruitful  union,  and  are  propagated  by  generation:  they  are  not  different 
species  of  one  genus;  for  were  that  the  case  their  hybrids  would  be  un- 
fruitful.    Here,  as  in  the  case  of  other  animals,  all  the  varieties  are  to 
be  regarded  as  aberrations  from  one  type,  caused  partly  by  differences 
in  the  progeny  of  the  same  parents  maintained  by  repeated  propagation 
of  similar  forms  with  one  another,  and  partly  by  the  external  influences 
connected  with  climate.     Whether  the  first  individuals  of  the  species 
were  originally  placed  in  different  parts  of  the  globe  at  the  same  time, 
or  whether  they  existed  originally  in  one  spot,  and  have  spread  them- 
selves thence  over  other  parts,  is  a  question  not  affeciing'this  statement 
Some  of  the  extreme  forms  of  the  races  of  mankind  are  certainly  varie- 
ties which  are  no  longer  produced  anew  with  all  their  distinguishing 
peculiarities,  either  by  internal  causes,  or  by  the  influences  of  climate, 
and  which  lose  their  characters  in  no  cUmate,  but  propagate  them  in  all 
their  purity  when  foreign  admixture  is  avoided.     For  negroes  in  the 
temperate  and  colder  climates  remain  black,  and  retain  all  the  charac- 
ters of  negroes,  and  also  by  generative  union  with  each  other  produce 
only  negroes;  whilst  Europeans  in  hot  climates,  except  that  the  colour 
of  their  skin  becomes  somewhat  darker,  retain  the  characters  of  the 
European  race.   Under  the  same  degrees  of  latitude  negroes,  Europeans, 
and  the  copper-coloured  American  Indians  retain  their  respective  forms 
and  colours;  and  on  many  of  the  Australian  islands  there  are  found 
natives  with  all  the  characters  of  the  Malay  race,  and  with  them  black 
men  of  the  negro  variety.     Yet  even  these  races  are  liot  so  absolutely 
distinct  that  the  innate  tendency  to  variation  does  not  determine  in  one 
race  individual  cases  of  approximation  to  another,  and  that  the  same  does 
not  happen  from  the  influences  of  climate.    Individuals  of  the  European 
'    race  sometimes  have  hair  nearly  as  crisp  and  woolly  as  that  of  negroes. 
The  negro  form  of  the  face  and  head  likewise  occurs  in  individual  cases 
amongst  the  Europeans.    Weber  states,  that  besides  the  ordinary  oval 
form  of  the  skull,  there  may  be  found  amongst  Europeans  skulls  of  the 
elongated  and  quadrangular  forms  which  are  to  be  regarded  as  instances 
of  sporadic  approximation  to  the  negro  and  mongolian  types.    The  dif- 
ferences in  the  form  of  the  pelvis  in  different  races  have  been  much 
elucidated  by  Vrolik.  The  form  of  the  pelvis  is  sometimes  very  different 
from  the  ordinary  European  type,  and  particularly  in  the  negroes  and 
Bosjesmans,  in  whom  the  vertical  position  of  the  iliac  and  other  charac- 
ters indicate -an   approach  to  the  form  of  this  part  of  the  skeleton  in 
brutes.     But  in  the  form  of  the  pelvis  also  the  different  races  present 
aberrations  from  their  proper  type.     According  to  Weber's  researches 
there  are  in  every  race  examples  of  pelves  with  the  inlet  of  the  oval, 
the  round,  the  quadrilateral,  and  the  wedge-like  form.     In  the  negro 
race  there  are  many  aberrations  from   the  general  type,  such  as  the 
brown-black  colour  of  the  Hottentots  and  Bosjesmans,  the  only  half- 
woolly  hair  of  the  Papuan  negroes  of  Australia,  the  coalescence  of  the 
<»ssa  nasi  into  one  bone,  which  sometimes  occurs  among  the  Hottentots 
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and  Bosjesmans^  and  the  elongated  nynaphae  of  those  tribes.  Moreover^ 
although  the  action  of  light  and  the  temperature  of  different  climates 
on  the  skin  is  extremely  various  in  different  races  and  nations,  yet  their 
influence  is  to  a  certain  extent  evident  in  all  races;  in  all  the  skin  is 
more  or  less  darkened  by  residence  in  hot  climates.  This  susceptibility 
to  the  action  of  light  and  heat  is  greatest  in  the  negroes;  so  that  the 
child,  which  during  its  embryonic  existence  was  white,  becomes  colour- 
ed by  exposure  to  the  light  after  birth.  In  Europeans  of  fair  complexion 
the  skin  does  not  become  darkened  from  exposure  to  the  light,  which  it 
does  in  Europeans  Xvith  dark  hair. 

The  question  whether  the  different  races  of  mankind  all  derive  their 
origin  from  one  parent  stock  or  from  several  stocks,  can  never  be  deter- 
mined by  practical  observation.  But  this  question  is  not  so  important 
in  reference  to  the  theoretical  explanation  of  the  races,  as  some  physio- 
logists have  supposed.  For  whether  many  or  few  individuals  of  an 
animal  or  plant  were  created  at  the  same  time,  still  the  conditions 
which  give  rise  to  the  varieties  would  exert  their  influence  on  indi- 
viduals. The  history  of  the  races  of  animals  and  plants  conducts  us 
inevitably  to  the  conclusion  that  all  the  true  varieties  of  one  species 
may  be  produced  by  the  action  of  internal  and  external  causes  through 
a  sufficiently  long  period  of  time  on  individuals  of  the  species. 

It  is  impossible  to  make  a  strict  division  and  classification  of  the 
races  of  mankind.  For  the  various  forms  do  not  possess  equally 
marked  peculiarities,  and  there  is  no  such  sure,  scientific,  intrinsic 
principle  to  guide  lis  in  defining  their  limits,  as  there  is  in  the  case  of 
the  species.  The  object  of  a  physical  history  of  man  is  to  describe  all 
the  peculiarities  of  the  nations  which  maintain  themselves  distinct  by 
the  successive  generations  of  each  not  mingling  with  those  of  the 
others;  but  the  contemplation  of  mankind  in  this  extended  manner 
does  not  come  within  the  scope  of  this  work.  All  that  is  here  practi- 
cable is  to  enumerate  the  most  conspicuous  of  the  races  of  mankind 
according  to  the  arrangement  proposed  by  Blumenbach,  which  is  still 
preferable  to  all  others,  because  it  is  the  most  convenient. 

The  races  distinguished  by  Blumenbach  are: — 

1.  The  Caucasian  race. — In  this  race  the  colour  of  the  skin  is  more 
or  less  white,  passing  into  flesh  colour;  more  rarely  it  is  of  a  light 
brownish  colour.  The  hair  is  more  or  less  wavy,  and  of  a  light  or  dark 
tint.     The  forehead  is  high  and  arched;  the  face  oval;  the  facial  angle* 

*  By  the  facial  angle  is  understood  the  angle  included  between  the  facial  line  and 
a  horizontal  line  drawn  from  the  base  of  the  cranium.  The  former  of  these  lines 
touches  the  glabella  or  space  between  the  eye-brows  and  the  most  prominent  part  of 
the  superior  maxilla  beneath  the  nose;  the  latter  line  is  the  middle  line  of  a  plane 
passing.through  the  anterior  nasal  spine  of  the  superior  maxilla  and  the  meatus  audi- 
torius  externus.  This  angle  is  always  larger  in  children  than  in  adults.  In  the  same 
way  it  is  proportionally  large  in  young  apes  as  in  the  young  ourang,  white  in  full 
grown  apes  it  is  much  smaller,  and  the  face  has  consequently  a  much  more  brutish 
character,  llie  size  of  the  facial  angle  is  determined  by  the  proportion  borne  by  the 
cranial  portion  of  the  head  to  the  parts  occupied  by  the  senses  and  those  engaged  in 
mastication  and  the  taking  of  food.  In  the  antique  sculptures  this  angle  is  enlarged 
to  the  extent  of  a  right  angle,  and  still  further,  in  order  to  give  a  more  noble  expres* 
sion  to  the  head,  and  hence  in  this  point  the  form  of  the  child  is  transferred  to  the 
adult.  According  to  the  researches  .of  Tiedemann  the  capacity  of  the  cerebral  cavity 
of  the  cranium  is  the  same  in  different  races  of  men,  how  different  soever  the  eztemil 
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large,  nRmeljr,  from  80°  to  85".  The  nose  ia 
aruied  or  prominent;  the  teeth  perpendicular; 
iliickness;  the  chin  prominent;  the  beard  abiini 
of  the  growtli  of  the  hair  of  the  surface  genera 
tnenbach  assigns  the  Europeans  (with  the  ezcep 
and  Finns)  I  he  inhabitants  of  Western  Asia,! 
Ganges,  and  the  Caspian  Sea,  and  also  the  Nort 

S.  The  Mongolian  race The  characteristics  o\ 

are  a  yellow  complexion;  biacic,  straight,  scai 
face,  which  is  widest  where  the  cheek  bones  pi 
glabella  (the  space  between  the  eye-brows);  a 
toned  nose;  narrow  and  oblique  openings  of 
placed  wide  apart 

To  this  race  Btiimenbach  refers  all  the  Asiati 
Caucasian  variety,  except  the  Malays;  the  La 
Europe;  the  inhabitants  of  the  most  northern 
Esquimaux  aud  Greanlanders. 

3.  The  Antrican  race  has  a  brownish  coppe 
straight,  scanty  hair;  a  beard  more  or  less  fei 
more  or  less  prominent.  All  the  other  characte 
are  neither  constant  nor  striking. 

This  race  comprehends  all  the  Americans  not 
iiig  variety. 

4.  The  Ethiopian  race. — The  characters  are 
black  cobiplexion;  black,  generally  coarse,  shi 
hsir;  a  narrow  and  long  skull;  a  retiring  forehe 
jaw  with  a  retiring  chin,  and  teeth  projecti 
tiimed-up  nose,  compressed  above;  thick  lip^ 
only  70  to  75". 

All  the  inhabitants  of  Africa,  except  those  belt 
variety,  namely,  the  African  negroes,  and  the  n 
and  the  Indian  Archipelago,  or  the  Papuas,  con 

5.  The  Malay  race. — The  skin  is  black;  the 
and  abundant;  the  cranium  moderately  narrov 
tlie  upper  jaw  moderately  prominent:  the  nose  a 
liiick,  and  the  mouth  wide. 

To  the  Malay  race  belong  the  brown  islandei 
inhabiiatils  of  the  Sunda  Isles,  the  Moluccas,  th 
arine  Isles  and  the  true  Malays  of  Malacca. 

It  would,  doubtless,  be  more  consonant  with 
races  as  constant  and  extreme  forms  of  the  vai 
to  endeavour  to  make  them  include  all  the  natii 
which  is  impracticable  and  which  science  does 
formed.  The  attempt  to  effect  such  an  arrange 
of  mankind  under  one  or  other  of  these  classe 
arbitrary  classilicalion.  The  position  of  the  Te 
in  relation  to  the  Mongolian  and  Caucasian  i 
and  they  ca[)not  be  referred  to  either  ezclusivelj 

fonni  of  the  skulli  may  be.  See  Tiedemuin,  Di*  Hin 
Earopur*  voA  Orang-ntvi*  Tei|[lBioheD.    Haidelbsrg,  18 
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trary  decision.  The  same  remark  applies  to  the  Papuas  and  Alfouros 
in  regard  to  their  classification  with  the  Malays  or  with  the  negroes. 
Amongst  the  islanders  of  the  Pacific  both  black  and  brown  and  even 
white  men  may  be  distinguished;  at  all  events,  in  the  Society  Isles  there 
are  white  natives  as  well  as  those  of  a  yellowish-brown  complexion. 
In  this  case  the  whites  cannot  be  referred  to  the  Caucasian  race,  any 
more  than  the  idea  can  be  entertained  of  classing  the  Guyacus  of  Ame- 
rica with  the  Caucasian  race  on  account  of  their  light  complexion.  On 
the  contrary,  these  varieties  seem  to  have  arisen  among  these  nations  in 
the  same  way  as  the  fair  and  dark  complexioned  varieties  have  been 
produced  among  Europeans.  But  it  further  admits  of  inquiry  whether 
the  Papuas  and  Alfouros  should  not  be  regarded  as  distinct  from  the 
African  negroes  in  their  origin,  and  whether  these  black  races  of  the 
Indian  Archipelago  are  not,  on  the  contrary,  much  more  nearly  related 
to  the  brown  Malay  race,  in  which  case  these  blacks  and  the  brown 
Malays  might  be  supposed  to  stand  in  the  same  relation  to  each  other  " 
as  the  true  negroes  and  the  dark-brown  inhabitants  of  Southern  Africa. 
No  necessity  exists  for  deriving  alt  the  black  people  on  the  globe,  or  all 
the  brown,  or  all  the  white  races  from  the  same  root;  on  the  contrary, 
since  we  have  seen  that  varieties  may  arise  among  the  progeny  of  one 
stock,  it  is  easy  to  conceive  how  it  is.  possible  for  nature  to  produce  simi- 
lar forms  in  nations  which  are  far  removed  from  each  other,  and,  ac- 
cording to  the  records  of  history,  have  never  mingled. 

Similarity  or  difference  of  language  may  sometimes  aid  us  in  deter- 
mining the  relation  borne  by  a  particular  people  to  the  principal  races 
of  mankind,  but  even  this  criterion  is  not  always  trustworthy.  For  not 
unfrequently  languages  sprung  from  very  different  roots  are  met  with 
amongst  the  people  of  one  race.  Languages,  like  races  of  men,  perish, 
and  are  displaced  by  others. 

With  respect  to  the  original  roots  of  languages  there  may  be  distin- 
guished upon  the  great  continent  of  Europe  and  Asia: 

1.  The  nations  whose  languages  are  derived  from  the  Indo-European 
root;  these  languages  are  the  Sanscrit,  the  Persic,  the  Greek,  and  Latin, 
the  German  Celtic,  and  the  Sclavonic  Celtic. 

2.  The  nations  speaking  the  Semitic  tongues,  namely,  the  Aramaeic, 
Phoenician,  Hebrew,  Arabic,  to  which  must  be  added  the  Aethiopic  or 
Geezic  in  the  Northern  and  North  Eastern  parts  of  Africa. 

These  are  the  nations  of  which  the  most  perfect  history  has  been  pre- 
served, and  who  have  in  the  greatest  degree  been  susceptible  of  civili- 
sation. The  same  nations  are  comprehended  under  the  name  of  the 
Caucasian  race. 

3.  The  nations  using  the  Tschudic  tongues,  to  which  are  referred 
the  languages  of  the  Hungarians,  Finns,  Laplanders,  Samoyedes,  Es- 
thonians,  Livonians,  Permieqs,  Wogules,  Ostiakes,  Cheremisses,  Mord- 
wines,  Koriakes,  Tchuktches,  and  Kuriles,  and,  by  some  writers,  the 
languages  of  the  nations  of  the  Caucasus,  as  the  Georgians  and  the 
Circassians. 

4.  The  nations  speaking  the  Tartar  or  Mongolian  tongues,  as  the 
Mantchoo  in  China,  the  Turkish,  and  the  dialects  of  the  Uzbecks, 
Bucharians,  Bashkires,  Yakutes,  Kirghises,  Galmucks,  Tungooses,  &c. 

5.  The  nations  having  monosyllabic  tongues,  partly  languages  o£ 


864  ROOTS  OT  LASOUAQKa  OF  DirFEREB 

symbols,  as  those  of  China,  Tonkin  and  Cochin  I 
Willi  syllabic  alphabets,  as  those/)f  Thibei,  Sii 
laiisua^^es  have  no  infections,  and  express  the 
means  oS  intonation. 

Ausirntasia  is  inhabited  partly  by  brown 
browdish-biack  Papuas  and  Alfouros.  The  Al 
parls  nf  most  of  the  Moluccas,  and  Philippin 
and  New  Guinea,  also  in  the  North  of  New  ( 
New  Ireland,  Loiiisiade,  Boiika,  Santa  Crnz, 
are  scattered  through  the  interior  of  New  HoIIb 
as  the  original  inhabitants.  M.  Lesson  descrik 
legs,  prominent  teeth,  rough,  thick,  straight  ha 
dirty  brown  or  black  complexion.  The  Papu 
variety  and  live  on  the  coasts,  call  the  AltV 
Papuas,  who  live  on  the  coasts  of  many  isia 
appear  10  be  a  mixed  variety  between  the  Mai 
Inie  Papuas,  and  resemble  the  inhabitants  of  IV 
is  moderately  woolly,  thick,  and  long;  their  1 
dilated  transversely,  the  forehead  high,  the  bea 
a  deep  black-brown. 

The  Malays  have  spread  themselves  from  S 
sula  of  Malacca;  and  here  also  are  found  the  t 
(he  motinlainous  districts,  namely,  beside  the  tr 
tribes:,  woolly-haired  Negritos. 

Malay  dialects,  nearly  allied  to  each  other,  ai 
pine  and  Sunda  Isles  and  in  Madagascar.  Of 
■  composed  of  similar  words  are  the  languages  s| 
Tahiti,  ilie  Sandwich  Islands  and  Tonga. 

Africa  is  inhabited  by  two  races.  In  thi 
Easiern  parts  dwell  the  Abyssinians,  Nubians, 
naiioiLs  allied  to  the  ludo-Eiiropeans.  All  the  r 
by  Negroes.  The  number  of  languages  spok 
same  is  the  case  in  America,  all  the  inhnbita 
except,  perhaps,  the  (Mongolian)  tribes  of  tl 
appear  to  he  allied  to  each  other,  notwillista 
tiuctionsof  Peruvians,  Gunraniatis,  Araucanian 
cudos,  Moluchas,  Pulagonians,  Fnegians,  Mej 
diaiis,  and  Californiaiis.* 

■  Tim  works  treaiirgBpeciallj  of  the  Natural  Hisior 
De  cfneris  humanl  T^rieiate  naliva,  Gott.  ml.  iii.  IT'JS; 
leclionii  cranioriim,  OoH.  1790;  P.  Camper,  Uber  den 
GeaichtBtLi^e  in  Menschen  vpiBcliieilenen  GegfnJ^n  und 
IT92i  Viny,  Hist.  Nal.  du  genre  humain,  Paris,  Ifiii; 
races  hamaincB,  Paris,  1^26;  Borj  de  St.  Vincent,  Drr 
Vrolik,  Considerations  sur  la  diversite  des  bassins  de  ctif 
sterd.  last!;  J.  M.  Weber.  Die  I.ebrs  von  den  Ur-und  I 
Becken  iei  Menschen,  Diisseldorr,  t830;  H.  Wagner,  Na 
Kempten.  1831;  Van  der  Hoeven,  in  Tijdsehrift  voor  nai 
die  Menschenracen  in  det  Deutschen  Vierteljahra-Bch 
geschichle  des  Menschengeschlechis  (Phjaical  History 
■und  Zusatlien  Ton  R.  Wagner.  Leipi.  1840;  Bertbold,  > 
Wurtetb.  <1,  Med.  Wiasensch.  B.  ixiii.  p.  44.  Mr.Lawrc 
Morion's  Cnnjt  Aoiericvii,  Philadelphia,  t839. 
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SECTION  I. 
CHAPTER  II.* 

The  AUantoiSt  ITmhilical  Veaiele  and  Umhilical  Cord — Development  of  the  Embryo  in  the 

VteruB, 

Some  additional  particulars  on  Embryologfy  will  be  ^ivcn  in  this  chapter. 

The  allantoia  in  the  chick  is  formed  from  the  lower  intestine,  making  its  appearance 
on  the  third  day  as  a  pyriforni  vesicle,  which  grows  rapidly,  conbisting  originally  of  the 
mucous  layer  above,  but  receiving  a  covering  from  the  vascular  layer  at  a  later  period,  and 
then  presenting  a  thick  networkof  blood-vessels,  which  consists  of  two  umbilical  arteries  and 
an  umbilical  vein.  Thus  constituted  the  allantois  shoots  into  tlie  space  between  the  amnion, 
and  the  serous  investment,  grows  quickly  around  the  embryo  as  a  flattened  bag  or  bladder, 
lying  all  the  while  close  to  the  membrane  of  tlic  shell,  and  coalescing  by  its  two  contingent 
surfaces,  it  finally  forms  a  membrane  that  envelopes  the  ovum  or  embryo  completely,  and  Is 
now  known  by  the  name  of  chorion.  {Wagner,  Elements  of  Physiology,  WiUia*9  Tranelation, 
p.  196.) 

The  allantoia  is,  according  to  Von  Baer,  composed  of  two  layers,  of  which  the  internal 
one  is  a  prolongation  of  the  mucous  membrane  of  the  embryo,  and  the  other,  the  external 
vascular  layer  in  which  the  vasa  umbilicalia  ramify.  In  carnivorous  animals  this  sac  bears  a 
close  resemblance  to  the  same  part  in  birds;  it  extends  entirely  nround  the  embryo,  and 
invests  the  whole  inner  surface  of  the  chorion,  except  at  the  part  where  the  umbilical  vesicle 
lies.  That  portion  of  the  sac  which  lies  in  contact  with  the  amnion,  and  which  contains  but 
few  vessels,  is  tlie  membrana  media  of  curlier  writers,  and  the  **  endochorion**  of  Dutroehct 
The  external  portion  of  the  sac,  which  is  in  relation  with  the  chorion,  is  very  vascular.  The 
proper  office  of  the  allantois  seems  to  be  the  conducting  of  the  vessels  of  the  embryo  to  the 
exterior  envelope  of  the  ovum,  in  which  they  ramify.  So  soon  as  the  vessels  of  the  allantois 
have  reached  the  chorion,  they  send  minute  branches  into  the  villi  of  that  membrane.  Thus 
are  formed  the  roots  which  henceforth  extend  from  the  surface  of  the  ovum  into  the  parietes 
of  the  uterus,  and  from  which  the  placenta  is  aAcrwards  developed. 

Both  the  chorion  and  the  amnion,  according  to  the  researches  of  Breschot,  Giage,  and 
Barry,  are  composed  of  nucleated  cells. 

The  fluid  of  the  allantois  contains  the  secretion  of  tlie  primordial  kidneys  or  Wolf&an 
bodies,  and  of  the  true  kidneys.  Allantoin  exists  in  it;  and  in  that  of  birds  Jacobson  has 
discovered  uric  ucid.f 

The  umbilical  veaiele.— li  is  now,  says  Wagner,  {op.  cit.)  satisfactorily  demonstrated,  that 
the  umbilical  vesicle  is  constantly  present  as  a  normal  formation  in  the  earlier  months  of 
pregnancy,  and  that  it  is  connected  witli  the  intestinal  canaL    Repeated  observation  has 

*  This  chapter  ought  to  have  come  in  at  pace  81S. 

t  The  best  ficnires  of  the  ova  of  mammiferous  BDtmals  will  be  fnend  In  the  works  of  Ton  Baer  and  Cofte, 
and  in  Gurlt's  Anatum.  Abblld.  der  Haus  s&ugelhiere.  The  authors  to  be  consulted  on  the  subject  of  the 
development  of  this  doss  are,  Oken  and  Kleser.  Beitruge  Zur  vergleichcnde  Anatomie  and  Physiolo^Ie, 
180G.  Dulrochet,  in  the  Mdm.  du  Mua.  d'HisL  Nat.  T.  iii.  p.  82.  G.  Cuvier,  ibid.  p.  OS.  Bojanus,  Nov. 
Act.  Nat.  Cur.  x.  p.  1.  C.  Mayer,  Ibid.  xvii.  2.  Ci>8te,  Recherches  sur  la  G6n6ratJon  des  Mammiferes, 
Paris,  183^1,  et  Embryogenio,  Paris,  1^^.  Von  Baer  Entwickclungs-geschlchte  der  Thiers  3ie  Thlel.  Bur. 
dach,  Fhyslologle,  Bd.  11.  Valentin,  Entwlckelunss-geschlchte.  B.  Wagner,  Pbystolegie  and  Icones  Pby- 
Biologies. 


866f  EMBRTOLOOT. 

•hown  that  the  umbiUcal  vesicle  is  relatively  very  large  in  the  yonngrest  embryos,  that  it 
immediately  upon  the  intestine,  and  communicates  with  its  cavity,  having  at  thlB  time  a 
rounded  or  oval  fornL  At  a  very  early  period,  however,  it  becomes  pedancolated;  its  neck  is 
produced  into  a  canal,  which  is  hollow  at  first,  so  that  its  contents  can  be  pressed  backwards 
and  forwards  into  the  bowel.  It  does  not  remain  long  pervious;  at  the  end  of  the  first 
month  it  is  already  filiform— with  the  increase  of  the  amnion,  the  umbilical  vesicle  is  fimiid 
as  a  pyriform  body  between  this  membrane  and  the  chorion;  it  collapses  more  and  more;  the 
pedicle  is  obliterated  in  the  second  month,  and  becomes  an  extremely  fine  thread,  which, 
however,  may  be  traced  to  the  end  of  the  noose  of  intestine  contained  within  the  amhilioal 
cord.  Such  continues  to  be  the  condition  of  the  umbilical  vesicle  to  the  end  of  pregnancy, 
when  it  may  still  be  demonstrated  in  the  membranes;  the  shrunk  vesicle  itself  may  be  dis- 
covered between  the  amnion  and  chorion,  and  its  filiform  appendage  traced  from  it  into  the 
umbilical  cord. 

When  the  human  embryo  by  means  of  its  vessels  has  gained  a  vascular  connection  with  the 
chorion,  the  allantois  can  no  longer  be  discovered,  the  urachus  of  the  urinary  bladder,— a 
filament  extending  into  the  umbilical  cord, — being  its  only  remains. 

The  successive  changes  which  the  ovum  undergoes  may  be  referred  to  the  feOowiog 
stages:— The  first  stage  extends  to  the  appearance  of  the  embryo,  elevating  itself  above  the 
surface  of  the  yolk-sac.  The  changes  which  occur  during  this  period  are  the  least  known; 
but  the  villi  of  the  chorion  are  at  this  time  developed.  This  stage  is  illustrated  by  an  obser- 
vation of  Mr.  Wharton  Jones.*  The  ovum  which  he  describes  had  the  size  of  a  pea,  snd 
was  stated  to  be  aborted  in  the  third  or  fourth  week  aAer  impregnation,  but  may  have 
become  detached  at  a  much  earlier  period.  It  lay  imbedded  in  one  side  of  the  oteriiie 
deoidua.  One  side  of  its  external  surface  was  smooth,  the  other  beset  with  villi.  The  whole 
cavity  of  the  chorion  was  filled  with  a  gelatinous  tissue,  in  which  towards  one  end  of  the 
ovum  a  small  round  body, — the  vesicular  germinal  membrane, — ^was  imbedded.  The  embiyo 
was  not  yet  visible. 

In  the  second  period  the  embryo  becomes  separated  by  a  constriction  from  the  yolk-sac^ 
and  the  amnion  and  allantois  are  developed;  but  the  embryo  is  not  yet  attached  to  the  chorioQ 
by  means  of  the  latter  membrane.  Two  ova,  observed  by  Dr.  Allen  Thomson,  (JBtftaterfi 
Med,  and  Surg,  Journal^  No.  140,  figs.  1  and  2,)  belong  to  this  period.  Both  these  ova  were 
beset  with  villi  of  the  chorion.  Ono  measured  one  quarter  of  an  inch,  the  other  one-half  of 
an  inch  in  diameter.  A  third  stage  of  development  extends  from  the  period  of  the  attach- 
ment of  the  ovum  to  the  ciioroid  by  means  of  the  allantoiSf  to  the  complete  formation  of  the 
umbilical  cord.  The  amnion,  however,  has  not  yet  formed  a  sheath  to  the  umbilical  cord 
enclosing  all  the  parts  which  issue  from  the  abdomen  of  the  embryo.  This  stage  also  is 
illustrated  by  an  observation  of  Dr.  Allen  Thomson. 

When  the  amnion  and  chorion  have  come  into  close  relation  with  each  other,  the  ovum 
undergoes  very  little  further  change,  except  that  the  villi  of  the  chorion  become  accumulated 
at  one  spot  in  order  to  the  formation  of  the  ** placenta,"  and  that  the  vessels  of  the  chorion 
extend  at  this  spot  only  into  those  branched  processes  or  villi  with  clubbed  extremities 
which,  like  the  rest  of  the  membrane,  are  composed  of  nucleated  cells.  The  villi,  however, 
do  not  disappear  from  the  other  parts  of  the  chorion,  but  merely  the  interspaces  between 
them  become  greater  in  consequence  of  the  growth  of  the  entire  ovum.  Even  in  ova  of  the 
full  period  these  villi  are  still  found  upon  the  chorion. 

During  the  development  of  the  embryo  the  umbilical  cord  undergoes  a  constant  increase 
in  length. 

In  the  fully  formed  ovum  the  following  membranes  are  found  iU'  passing  from  without 
inwards,  closely  applied  to  each  other;  first  the  decidua,  next  the  chorion,  and  last  the  am- 

*  Phllos.  Transact.  1837,  p.  339.    See  also  an  account  of  an  early  ovum  observed  by  Volkmann  in  Mai- 
ler's Archiv.  1839,  p.  348. 
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nioD;  the  amnion  being  reflected  upon  the  inner  sur&ce  of  the  chorion  at  the  point  of  inaer- 
tion  of  the  umbilical  cord,  of  which  it  forms  the  sheath,  while  at  the  umbilicus  it  becomes 
continuous  with  the  integument  of  the  embryo.  The  cord  invested  by  this  tubular  sheath  of 
the  amnion,  contains  the  following  parts: 

1.  The  remains  of  the  ductus  omphalo-entericus,  or  pedicle  of  the  umbilical  vesicle;  ac- 
companied by 

2.  The  vasa  omphalo-meseraica,  branches  of  the  mesenteric  vessels  of  the  fcetus; 

3.  The  urachus;  and, 

4.  The  vasa  umbilicali,  which  in  the  latter  period  of  uterine  gestation  constitute  the  prin- 
cipal part  of  the  umbilical  cord.  In  mammifcrous  animals  there  are  generally  two  umbilical 
veins  as  well  as  two  arteries;  but  in  the  human  subject  there  is  but  one  umbilical  vein  and 
two  umbilical  arteries.  The  umbilical  arteries  are  the  main  branches  of  the  arteries  hypo- 
gastrice.  They  convey  the  blood  of  the  fistus  into  the  placenta,  or  rather  into  the  vessels  of 
the  aggregated  villi  of  the  chorion,  which  form  the  greater  part  of  the  placenta.  In  these 
Tilli  which  are  imbedded  in  the  decidua  of  the  uterus  or  the  uterine  placenta,  the  blood  of 
the  umbilical  arteries  passes  throbgh  loop-shaped  capillaries  into  small  veins,  which  by  their 
union  form  the  vena  umbilicalis.  The  vena  umbilicalis,  of  which  the  persistent  vena  abdo- 
minalis  of  reptiles  and  amphibia  is  the  analogue,  pours  its  blood  partly  into  the  vena  ports 
and  partly  through  the  ductus  venosus  Arantii  into  the  vena  cava. 

The  liquor  amnii  of  the  human  ovum  contains,  according  to  the  analysis  of  C.  Vogt, 
{MiUler^B  Archiv,  1837,  p.  69,)  an  alcoholic  extract  with  kctate  of  soda,  chloride  of  sodium, 
albumen,  and  sulphate  and  phosphate  of  lime.  The  liquor  amnii  of  an  ovum  of  3^  months* 
gestation  had  a  specific  gravity  of  1.0182;  that  of  an  ovum  of  6  months,  a  specific  gravity  of 
1.0092.  In  the  former  1000  parts  contained  10.77  parts  of  albumen;  in  the  latter  only  6.67 
parts.* 

Development  of  the  «m6r^.— The  process  of  development  of  the  embryo  itself  may 
be  briefly  described  as  follows:  At  the  eommeneement  of  the  eeeond  tnotUh  the  length 
of  the  embryo  extends  to  a  few  lines,  or  half  an  inch.  The  extremities  are  then  visible 
in  the  form  of  leaf-like  appendages,  and  the  cavity  of  the  mouth  exists  and  is  wide  open; 
the  anus  is  developed  somewhat  later;  the  coccyx  is  very  prominent  The  branchial 
clefts  have  not  yet  disappeared,  though  they  soon  afterwards  become  closed;  the  head 
acquires  a  considerable  size;  the  eyes,  which  are  at  first  placed  laterally,  assume  a  more 
anterior  position,  and  the  nasal  cavities  soon  become  developed.  The  attachment  of  the 
umbilical  cord  is  yet  very  near  to  the  posterior  extremity  of  the  trunk;  but  in  the  pro- 
gross  of  development  it  moves  more  forwards,  and  at  length  occupies  the  middle  point  of 
the  abdomen.  During  the  iecond  month  the  sheath  of  the  umbilical  cord  is  formed;  the 
intestine,  at  first  a  straight  canal,  receives  an  angular  bend  with  the  apex  of  which  the 
umbilical  vesicle  is  connected,  and  this  bent  or  loop-Iike  part  of  the  intestine  is  at  this  period 
received  into  the  commencement  of  the  vagina  funiculi  umbilicalis.  Toward*  the  end  of  the 
second  month  ossification  also  commences  at  several  points,  and  the  rudiments  of  the  mus- 
cular system  are  formed.  The  heart  is  covered  in,  and  the  septum  begins  to  be  developed; 
the  aortic  arches  are  reduced  in  number  to  two,  which  unite  posteriorly  to  form  the  aorta 
descendens,  and  one  of  which  subsequently  becomes  the  pulmonary  artery.  The  glandular 
viscera,  the  lungs,  liver,  and  the  Wolflian  bodies  exist  The  formation  of  the  last  named 
organs  is  soon  followed  by  the  development  of  the  rudimentary  kidneys,  and  the  testes  or 
ovaries.    The  external  organs  of  generation  make  their  appearance  in  the  form  of  a  wart- 

*  For  representations  of  ova  belonging  to  the  difRnent  periods  of  utaro-gestation  I  refer  to  the  works  of 
Soemmering,  Leiler,  Velpeau,  and  R.  Wagner. 

The  writings  which  treat  on  the  same  subject  are  those  of  Kleser,  Pockels,  Bnrdach,  Leiler,  Telpsaa, 
Bischoff,  Valentin,  Mayer,  Coste,  Yon  Baer,  Wagner  and  Thomson,  which  have  been  already  referred  to; 
also  Wrisberg's  DescripUo  Anatom.  Embryonis,  G5tt  1764;  Autanreith*s  Sappl.  ad  Hist  Embryon.  Hum. 
Tub.  1797,  and  the  paper  by  the  author  in  Meckel's  Archiv.  1830,  p.  411. 
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like  prominence  in  (hmt  of  the  cleft  which  leads  to  the  tinue  oroi^italis.    The  nriiurj 
bledder  ii  formed  at  a  later  period  by  a  part  of  the  ainQa  just  named,  loading  in  the  direcUoi 
of  the  nrachus,  being  separated  from  the  rest  by  a  constriction.    At  this  time  the  oral  and 
nasal  cavities  are  not  separated;  the  eyelids  and  external  ear,  howorer,  are  beginning'  to  be 
formed;  the  different  parts  of  the  extremities  become  perceptible,  and  the  hands  and  fed 
present  marks  of  the  division  into  the  digits.    The  embryo  is  now  aboot  one  inch  in  length. 
Jn  the  emirte  i>f  (Ac  third  mtntk  the  fotus  acquires  the  length  of  two  and  a  half  or  three 
inches;  tn  ikefourikt  dm*ing  which  the  sex  becomes  distingnishablc,  it  reachee  to  four  inches; 
and  in  the  fifih  to  twelve  inches.    At  this  period  occur  the  formation  of  the  &t,  and  the 
further  development  of  the  rudimentary  homy  structures,  the  nails  and  the  down,  lanugo, 
which  appears  over  the  whole  surface,  and  tlie  eyelids  coalesce.    In  the  fifth  month,  also, 
the  movements  of  the  embryo  are  felt  by  the  mother.    A  fcetus  bom  during  the  9UBth  mumih 
breathes,  but  does  not  continue  to  live.    In  the  teventA  luiun  momh  the  embryo  aoqnires  the 
length  of  16  inches  or  more,  and  if  expelled  from  the  uterui  is  sometimes  capaUe  of  Uvmg; 
its  skin  is  red.    In  the  eighth  lunar  mfmth  its  length  is  16}  inches;  the  testes  at  this  period 
descend  from  the  abdominal  cavity  through  the  inguinal  ring  into  the  scrotum,  which  bad 
hitherto  the  form  of  empty  folds  of  skin,  and  the  eyelids  beoome  free.    In  the  ntiKik  wmnih 
the  hair  appears  on  the  head,  and  the  embryo  measures  17  inches  in  length.    In  the  tenth 
lunar  wumth  its  length  reaches  18  or  20  inches.    At  this  period,  or  even  during  the  eighth 
or  ninth  month,  the  membrana  popillaris  disappears;  and  the  skin,  no  koger  ao  red,  ii 
covered  by  an  unctuous  matter,  the  **  vernix  caseosa,**  which,  according  to  R.  Wagner,  coo- 
sists  of  the  desquamated  scales  of  epidermis.    In  other  animals  the  skin  seems  to  throw  off 
the  epidermis  in  the  form  of  a  continuous  membrane,  and  hence  the  body  of  the  embryo  hu 
been  frequently  seen  enveloped  in  this  free  epidermal  membrane,  whilst  the  haire  which  had 
been  formed  subsequently  were  growing  beneath  it 
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lacteals,  do  openings  exist  in  them?  270. 

do  not  exist  in  bones  or  in  the  eye,  246. 

glands,  slracture  of,  273. 
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proofs  that  lacteals  perform  absorption,  245- 
277. 

changes  produced  by  them  on  their  con- 
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performed  by  blood* vessels,  246. 

by  capillaries,  249. 

influence  of  heart's  action  on,  257. 
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73 


Adipose  tissue, 

cells  of,  no. 

Age,  influence  of  on  the  production 
heat,  76. 

its  influence  on  composition  of  t 
161. 

its  influence  on  the  heart's  action, 

old,  its  characteristics,  855. 
Ages  of  life, 

characteristics  of  the  different,  I 
Life, 
Air,  volume  of  respired,  269. 

changes  produced  in  it  by  respira 

effects  of  its  injection  into  the  veil 
Air-tubes,  muscular  contraction  of  U 
Albumen, 

its  properties,  101. 
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Antagonistic  movements,  669. 

in  cases  of  iiemiplegia,  ib. 

in  opposite  groups  of  muscles,  ib. 

importance  of  puthology  of,  in  distortions,  ib. 
Appetite,  335. 
Area  or  zona  pellucida,  round  the  embryo,  20, 

170,  8-23. 
Area  vasculosa,  formation  of,  170. 

capillary  circulation  in,  239. 

first  motion  of  blood  in,  229. 
Arterial  plexus,  242. 
Arteries,  structure  of,  206. 

not  muscular,  210. 

vital  contractility  or  tonicity  of,  213. 

pulse  arterial,  how  produced,  207. 

motion  of  blood  in,  209. 

force  and  rale  of  motion  of  blood  in,  214. 

effect  of  contractions  of  heart  upon  them, 
ili. 

influence  of  respiration  on  motion  of  blood 
in,  216. 

effect  of  anastomosis  on  blood's  motion,  ib. 

why  empty  after  death,  214. 

the  minute,  mode  of  their  termination,  221. 
Asphyxia, 

how  produced,  163. 


Asphyxia, 

recovery  from  in  lower  animaU,  40. 
Assimilation, 

organic,  284. 

laws  regulating  it,  285. 

fundamental  principle  of,  471. 

differs  from  inflammation,  473. 

agents  diminishing  its  activity,  ib. 

agents  modifying  its  actions,  474. 

organs  of,  52. 
Ass6ciate  or  consensual  movements,  533,  670. 

explanation  of,  583. 

of  the  eyes,  584,  671. 

of  the  iris,  584. 
Atmosphere,  composition  of  the,  286. 

impurities  in  the,  ib. 
Atrophy,  general,  order  in  which  the  tissaes 

are  absorbed,  261. 
Attention,  distinguished  from  sensation,  422. 

influences  the  sensations,  and  distinctness  of 
vision,  622. 
Auditory  nerve, 

ultimate  distribution  of,  493,  752. 

actions  of  the,  768- 

sympathies  of  the,  770. 
Auricles, 

contraction  of  both,  simultaneoas,  184. 

influence  of  their  contraction  on  the  great 
veins,  239. 
Automatic  movements,  defined,  664. 

dependent  on  the  sympathetic,  ib. 

influence  of  irritation  on,  ib. 

hypothetic  explanation  of  their  periodicity, 
665. 

dependent  on  the  brain  and  spinal  cord,  666. 

respiratory  movements,  ib. 

cause  of  respiratory  movements,  667. 

rhythm  of  respiratory  movements,  668. 

persistent,  of  the  sphincters,  ib. 

periodic  and  persistent,  in  disease,  ib. 

Bile, 
not  merely  cxcremcntitiel,  174. 
is  secreted  in  the  foetus,  175. 

during  hybernation,  ib. 

a  secretion  occurring  in  most  animals,  367. 
is  it  secreted  from  venous  or  arterial  blood? 

368. 
its  quantity,  properties,  chemical   charac- 
ters, 369. 
discharfre   of,  from  the   gall-bladder,  372, 

453. 
influence  of,  on  the  chyme,  399. 
stimulates  the  intestines,  402. 
duct,  effects  of  ligature  of,  401. 
Biliary  matter  in  bile,  370. 
Birth,  cause  of,  849. 

mechanism  of,  in  the  human  females,  850. 
mechanism  of,  in  animals,  ib. 
Blastoderma; 

See  Germinal  Disk  and  Germinal  Mem* 
brane. 
Blind,  perception  of  colours  by  touch  not  pos- 
sible, 588. 
Blindness,   following   injury   of   the    frontal 
nerve,  cause  of,  584. 
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Blood, 
definition  of,  141. 
quantity  of,  in  animal  body,  140. 
coagulation  of,  142. 
cause  of  its  coagulation,  1 43. 
circumstances  preventing  coagulation,  142. 
composition  of,  141,  144. 
specific  gravity  of,  142. 
physical  and  chemical  examination  of  the, 

144. 
red  particles  of,  ib. 
lymph  globules  in  the,  146. 
colouring  matter  of,  150. 
state  in  which  iron  exists  in,  153. 
iron  causing  red  colour  of,  ib. 
inflammatory,  coagulation  of,  157. 
bufly  coat,  cause  of  the,  158. 
serum  of  the,  159. 
in  different  sexes,  ages,  and  temperaments, 

161. 
albumen  dissolved  in,  101. 
fatty  matter  in,  161. 
electric  properties  of  the,  162. 
colourless  in  many  invertebrate  animals, 

141. 
materials  for  its  formation,  ib.  168. 
temperature  of  the,  74. 
vivifying  influence  of,  163. 

dependent  on  red  particles,  ib. 
arterialisation  of,  ib. 
transfusion  of,  164. 
injection  of  air  and  gases  into,  165. 
evidences  of  life  in  iJie,  166-7. 
motion  of,  during  coagulation,  167. 
immersion   in,  restores   vitality   of  parts, 

164. 
formation  of  the,  in  the  ovum,  170. 
influence  of  respiration  in  the  fof  mation  of, 

171. 
excretions  in  the  formation  of,  172. 
existence  of  urea  in,  173. 
circulation  of  the,  176. 
rate  of  motion  of  the,  195. 
self-propelling  power  of,  229. 
contains  oxygen  and  free  carbonic  acid, 

313. 
nature  of  the  change  produced  by  respira. 

tion,  302. 
arterial   and  venous,  difference    between, 

ib. 
temperature  of,  ib. 
analysis  of,  303. 
causes  of  its  changes  of  colour,  304. 
Blood  corpuscules; 
See  Red  Particles, 
aolomatie^movements  of,  166. 
Blood-vessels,  vital  turgescence  of,  232. 

proofs  of  absorption  by  the,  246. 
Body, 
mechanism  of,  its  organs  of  motion,  679. 
arranged  exclusively  for  a  vertical  or  upright 

position,  681. 
mode  of  transmission  of  its  weight,  683. 
influence  of  its  different  states  npon  the 

mind,  791. 
ioflueneo  of  the  mind  opoii«  793. 


Bones, 
animal  matter  or  cartilage  of,  117. 
reproduction  of,  123. 
structure  of,  678. 
chemical  composition  of,  679. 
reunion  of,  124. 
formation  of  callusi,  ib. 
not  formed  by  the  periosteum,  125. 
as  organs  of  support,  679. 
regeneration  of,  after  necrosis,  137. 
researches  into  reproduction  of,  138. 
sympathies  of,  575. 

sympathies  of,  with  the  periosteum,  579. 
Boyhood,  characteristics  of,  854. 
Brain, 
comparative  anatomy  of,  612. 
foetal,  of  higher  vertehrata,  analogous  to 

brain  of  lower  vcrtcbrata,  613. 
relative  size  of  in  difiercnt  animals  and  in 

man,  ib. 
developed  in  the  ratio  of  the  intellectual 

faculties,  ib. 
fibres  of  the,  489. 
termination  of  fibres  of  the,  493. 
structure  of  grey  substance  of,  ib. 
is  the  terminus  of  all  the  primitive  fibrei 

of  the  nerves,  606. 
effects  of  lesion  of,  614. 
sole  organ  of  the  mind,  ib. 
its  functions  not  destroyed  by  lesion  of  one 

hemisphere,  615. 
relation  of  its  functions  to  the  viscera,  ib. 
mental  principle  not  confined  to  it,  616. 
only,  not  the  mind,  affected  in  idiocy,  in- 
sanity, Slc  618. 
ventricles  of,  ciliary  motion  in,  64.5. 
its  influence  on  the  heart's  action,  201. 
vomiting  caused  by  affection  of,  359. 
reproduction  of,  132. 
its  capillaries,  218. 
See  Cerebrum  and  Cerebellum. 
Brain  and  Spinal  Cord, 
reproduction  of,  132. 
laws  of  action  of,  632. 
motor  apparatus  of,  633. 
decussating  action  of,  833. 
varieties  of  paralysis  and  convulsion  from 

disease  or  injury  of,  634. 
movements  of  rotation  caused  by  eortain 

lesions  of,  638. 
dependence  of  the  nerves  on,  512. 
every  part  of,  influences  the  heart's  aetion, 

663. 
See  Spinal  Cord. 
Branchias,  structure  of,  189. 
compared  with  lungs,  291. 
arrangement  of,  vessels  in,  219. 
Bronchi,  muscular  contractions  of,  319. 

first  appearance  of  their  plates,  393« 
Brunonian  Theory, 
account  of,  65. 

division  of  diseases  by  Brown,  ib. 
modified  by  Rasori  and  the 
lists,  ib. 
Buds  or  Gemms, 
proccM  of  their  formatioii,  818L 
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Bads  or  Gemme, 

diilineiiiahed  from  the  o?ain,  818. 

their  ionirh^n  in  plantt,  ib. 

differqacd  of  flower  and  leaf  bods,  838. 
Bulbui  Aorta,  rauMularity  of,  in  amphibia 
and  fi8heii,241. 

Cecum,  acid  secretion  af,  375. 

acid  secretion  of,  its  uses,  402. 

differs  according  to  food  qf  animal,  342. 

digestion,  supposed  to  be  renewed  in  it,  402. 
Calculus,  causes  of,  332. 

remedies  for,  468. 
Callus, 

formation  of^  124. 

not  formed  by  the  periosteum,  125. 

commencement  of  ossification  in,  ib. 
Caloric,  its  effects  as  a  stimulant,  72. 
Capillaries, 

definition  of,  189, 217. 

size  of,  218. 

form  of  their  network,  219. 

size  of  the  mcHhes  of  their  network,  220. 

of  the  lungs,  189,220. 

parietes  of,  224. 

•tructure  of,  225. 

circulation  in,  ib. 

cause  of  equable  motion  in,  226. 

resistance  offered  by  them  to  the  blood,  ib. 

rate  of  circulation  in,  227. 

motion  of  the  blood  in,  wholly  dependent  on 
the  heart's  action,  227. 

difference  of  motion  of  blood  in  them,  228. 

return  of  red  particles  from  them,  ib.    See 
Circulation,  Capillary. 

action  of  different  substances  on,  233. 

state  of,  in  inflammation,  235. 

absorption  by  the,  249,  252. 

of  the  lungs,  consequence  of  their  injury^,  190. 
Carbonic  acid,  generated  during  respiration, 
295. 

proportion  of,  contained  in  the  blood,  314. 

given  out  by  the  skin,  315. 
Cartilages, 

development  and  growth  of,  107. 

reproduction  of,  123. 

intervertebral  fibro-cartilage,  682. 

articulating,  680. 

divisible  into  four  classes,  116. 

containing  peculiur  corpuscuies,  ib. 

sympathies  of,  575. 

of,  with  periosteum,  579. 

chondrinous  fibro-curtilagc,  116. 

spongy,  and  ligamentous,  ib. 

of  bone,  1 17. 

peculiar  base  of,  116. 
Casein, 

is  procured  from  milk,  103,  160,  852. 

its  general    identity  wiUi  fibrin  and  albu. 
men,  103. 

effects  of  re-agents  on,  160. 

in  the  scrum  of  the  blood,  160. 
Cell  primary.  See  primary  cell. 
Cells, 

formation  of  animal  and  vegetable  tissues 
from,  106,113. 


Cells, 
formed  external  to  other  eells,  107. 
pigment,  108. 

arrangement  of,  to  form  the  diflRsrenl  tis- 
sues, ib. 
nucleated,  ib. 
primordial,  resembling  bk>od    corpoacolca, 

113. 
primary,  process  of  formation,  ib. 
secreting,  420. 
nucleated,  of  fat,  421. 
Cellular  tissue, 

different  in  plants  and  animals,  48. 
intimate  structure  and  development  of^  1  lOl 
of  the  fcetus,  ib. 
yields  gelatin,  115,  649. 
primitive  fibres  of,  650. 
contractility  of,  ib. 
cause  of  motions  of,  657. 
sympathies  of,  573. 
Cerebellum, 

experiments  on  its  functions,  624. 

effects  of  lesions  of  it,  of  its  crura,  and  of 

the  Pons  varolii,  ib. 
its  function   of  causing    co-ordination   of 

voluntary  movements,  625,  677. 
relation  of,  to  the  sexual  instinct,  626. 
Cerebral  nerves, 

classification  of,  519,  597. 
properties  of  the  fifth  nerve,  or  trigeminus, 
519,594. 
of  the  glosso-pharyngcal,  520,  595. 
of  the  vagus  and  accessory,  221,  595. 
of  the  hypoglossal,  523,  597. 
of  the  third,  fourth,  and  sixth  nenres,533, 

692. 
of  the  facial  nerve  or  portio  dara,  922, 
594,  595. 
Cerebro-spinal  nerves, 

organic  or  grey  fibres  in,  529. 

ganglia  of,  at  their  union  with  branches  of 

the  sympathetic,  496. 
compared  with  sympathetic  nerves,  494. 
discoveries  uf  Bell  on,  202. 
Cerebrum, 

hemispheres  of,  experiments  on,  628. 
seat  of  the  intellectual  faculties,  627. 
doctrines  of  Dr.  Gull  respectingf   the  func- 
tions of  the  hemispheres,  630. 
functions  of  the  cerebral  commissures,  and 
the  pituitary  and  pineal  gland,  631. 
See  Brain. 
Chara,  circular  currents  in,  176. 
Chorion,  of  the  human  ovum,  843,  844. 
Cholero,  Asiotic,  temperature  of  body  in  it,  74. 
Choroid,  structure  of,  in  different  animals,  721. 
Chyle,  * 

properties  of,  404. 

differences  in,  arising  from  varieties  of  food, 
globules  of,  406. 
source  of  its  red  colour,  407. 
proportion  of  fibrin  in, — its  source,  409. 
and  lymph  compared,  266,  411. 
and  blood  compared,  411. 
serum  of  the,  analysis  of,  410. 
state  of  iron  in,  153. 
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Chyle, 
and  lymph,  colour  of,  267. 
and  Ijmph,  changes  produced  in,  bj  ab- 
8or bents,  280. 
eaaae  of  their  motion^its  rate,  281 . 
where  they  become  mixed  with  the  blood, 
ib.    See  Lymph, 
cause  of  its  millciness,  4U6. 
Chyme,  how  formed,  377,  386. 
components  of,  382. 
changes  in  small  intestines,  398. 
its  componentH  in  small  intestines,  ib. 
influence  of  the  biliary  secretion  on,  ib. 
Cilia,  645. 

vibration  of,  a  cause  of  the  circulation  in 
the  lower  animaJs,  176. 
Ciliary  motion, 

by  whom  investigated,  643.    * 

where  observed,  644. 

phenomena  of,  645. 

currents  caused  by,  ib. 

agents  which  produce  it,  ib. 

nature  of,  646. 

resemblance  of,  to  the  oscilUtory  motions  of 

plants,  647. 
not  dependent  on  nervous  energy,  646. 
in  the  Infusoria,  ib. 
Circulation  of  the  blood, 
when  discovered,  176. 

circular  currents  in  the  lower  animals,  176. 
in  holothuria,  ib. 
the  annelida,  177. 
insectn,  ib. 

arachnida  and  Crustacea,  ib. 
molluscs,  178. 
cephalopoda,  ib. 
fishes,  ib. 
reptiles,  ib. 
amphibia,  179. 
the  frog,  ib. 

birds  and  mammalia,  180. 
acephalous  monsters,  204. 
varieties  in,  178. 
cause.  48. 
collateral,  192. 
lymph  globules  in,  231. 

See  Heart 
general  phenomena  of,  183. 
Circulation,  capillary, 
as  viewed  by  the  microscope,  225. 
rate  of,  227. 

dependent  solely  on  the  heart,  ib. 
rate  of,  differs  from  mechanical  causes,  228. 
influence  of  th/s  nerves  on,  237. 
Circulation  in  plants,  its  causes,  and  peculiar 

circulsting  fluid,  48. 
Circulation,  portal, 

in  mammalia  and  vertebrata  generally,  181. 
reptiles  and  amphibia,  ib. 
Circulation,  pulmonary  or  smaller,  188. 
consequences  of  its  obstruction,  191* 
Circulation,  systemic  or  greater,  191. 

influence  of  muscular  exertion  on,  192. 
Circulation,  venous,  auziliarios  o^  238. 
Climate,  its  influence  on  the  temperatore  of 
the  body,  74. 


Climate, 

its  influence  on  the  races  of  mankin 
Coagulum  of  the  blood,  142. 

cause  of  the  buffy  coat,  142, 158. 
Cochlea, 

mode  of  termination  of  tho  auditory 
in  it,  493,  752. 
'  its  acoustic  properties,  767. 

its  general  uses,  768. 
Cold, its  influence  on  warm-blooded  anim 

and  heat,  effects  of,  82,  92. 
Common  sensation, 

its  seat,  780. 

internal  parts  endowed  with  it,  781. 

its  various  modifications,  782. 
Conception.    See  Generation. 
Consonants.  See  Speech. 
Contractile  tissue, 

of  plants,  648. 

of  the  sensitive  plant,  649. 

of  animals,  ib. 

not  always  muscular,  640. 

yielding  gelatin  by  boiling,  649. 

cellular  tissue,  characters  of,  650. 

tunica  dartos,  characters  of,  642,  651. 

of  arteries,  206,  651. 

muscular,  651. 
Contra-stimulists,  account  of  their  opioioi 
Convulsions  and  Paralysis, 

from  lesions  and  disease  of  the  brail 
spinal  cord,  634. 
diseases  of  the  nerves,  637. 
disease  of  the  spinal  cord,  ib. 
of  the  brain,  ib. 
Corpora  cavernosa  penis,  244. 
Corpora  Pyramidalia,  619. 
Corpora  Quadrigemina,  functions  of,  62< 
Corpus  restiforme,  620. 
Corpus  luteum, 

how  formed,  832. 

distinction  between  the  true  and  false, 
Coughing,  respiratory  movements  in,  32 
Crassamentum,  142. 

▼srving  proportion  of,  162. 
Cruorm,  chemical  analysis  of,  152. 

elementary  composition  of,  ib. 

proportion  of  iron  in,  ib. 
Crystalline  lens, 

development  of,  109. 

reproduction  of,  120. 

unequal  density  of,  726. 
Cutaneous  tissue,  424. 
Cy  toblastema,  or  Cytoblast,  49, 106, 113, 

Death, 

organised  bodies  subject  to,  40. 

cause  of,  41. 

effecU  of,  22. 

from  injection  of  air  into  the  veins,  16 

effusion  of  fluids  in  body  after,  262. 

rigidity  of  muscles  after,  656. 

rigidity  of  muscles  after,  cause  of,  657. 

continuance  of  muscular  irritability  afl 
40. 
Decapitatioo,  influence  of^ on  tnimalheti 
Deeidoa,  formation  ui,  8I9. 
73* 
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UMMm  mHllli  OOw  nrnMOa  omm* 

Intiumto  •tmetnrt  of^  ib. 
Dtooniposiof  af eott;  de6nitaoo  of  tlMir  difl 
ftrent  qImm  And  modM  of  aetioOt  %L 
•fibeUof.ib. 
Dioonpoutioiif  teodeDoj  of  orgaaio  matter 
to,  16. 
of  ornnio  matter  attanda  fital  aetioo,  43, 

9^  Orgm$de  wuOUr, 

toDdenej  to,  prodnood  bj  oaereiae,  56. 
Difliititioii,  ita  meehaniam,  850* 

iofliMBoe  of  the  epiglotlia  in«  951. 

tiofementa  of  tbe  CBaopbagna  in,  853. 

in  aarpenta,  bow  jper&rmed,  S51. 

eeeond  and  thinl  acta  o(  eteited  or  raflei 
nofementa,  ibb 
jMVMopnentf 

one  oommon  modeo(  in  animalaand  pbnta, 

lis. 

of  ofom  and  embryo^  ita  aimpteat  tana, 


of  the  embrroh  the  yolk  bae  tbe  krgeat  ahare 
in,ib. 

of  tiaanea,  diacoteriea  of  Sebwann,  105. 
INabatea,  oonditioo  of  the  orine  in,  469. 
naphrajrait  ehiaf  motor  agent  in  reapiration, 

Dhatofe  of  tbe  b^rt,  185. 

Dlol,  neoeeiitjr  of  Yarietjr  in»  888L 

INgeation, 

fie  obterti,    eahatanoai  eaay  of  digeatioo, 
830. 

eenaafiona  oonneeted  with,  885. 

motementa  of  tbe  alomaeh  during  859. 

teaperatnre  of  atoinach  dnrinc,  Ml. 

ffaa  oontained  in  tiie  atomacn,  anaWaie  oC 
888. 

in  mminanta,  ibb 

in  birda,  ib. 

theory  of;  383. 

ioflaence  of  the  nenrea  aod  electricity  on, 
395. 

artificial,  391-3. 
Digestive  organs, 

ao  internal  digestive  cavity  pecalltr  to  ani- 
mals,  47. 

of  infusoria,  338. 

of  rotifers,  &c  339. 

of  rtdiata,  dLC.  340. 

ofannelida,  Crustacea,  &c.  and  birds,  ib. 

of  mam  mails,  341. 
Digestive  principle.    See  Pepsin. 
Dieease,  influence  of,  on  the  pulse,  184. 

pulmonary,  consequences  of,  190. 
Dreams, 

how  produced,  810. 

nature  of  tbe  images  eeen  in  them,  795. 

of  blind  persons,  olO. 

action  of  the  mind  during,  811. 

voluntary  movements  during,  819. 
See  Somnambulism. 

ita  eeaential  propertiea,  759. 


Bar, 
pRNMgatioo  of  lovid  to  il  bj 

^,763. 
action  of  itaeitemal  eartilafw,  78S. 

reeonnnoe  of  oavitiee  in  ita  vieiBity«Jk_ 

naee  of  tbe  email  bonoa  of^  (oet 
aoditoa,)  754. 

aoonda  produced  in  it  at  will»  75& 

aetion  of  galvuiiBm  on  tbo*  50Si 
Ear-trompet, 

philoeoplnr  of  ita  aotioD,  750. 

iiaeof;7Mi 
Eartb.eatera,  89& 
Eel,  caudal  heart  o(  91 L 
Elastic  tissoa, 

development oC  111. 

atmeture  and  chemical  dmrnutow  o(  98& 
Electricity, 

developed  ftom  organic  OMtter*  67. 

eiperimenta  on,  by  Humboldt  and  olfam*  ib. 

phenomena  of,  in  iiroga,  71. 

tree,  in  man,  79. 

oonditiona  lor  development  of^  In  wuUf  iK 

dependence  o(  vital  aetioqe  ob.  ibb 

galvanie,  fai  human  body,  78w 

development  of,  daring  vegetation,  74. 

diierenoe  oC  from  nervoua  prinoiplnb  ^^ 
Electric  fiebet, 

enomerated,  68. 

aitoatioo  of  their  dectrio  cvfum,  ib. 

efieets  prodnoed  by  them,  &. 

ezperimente  of  Dr.  Davy  and  otbnn  on,  ib, 

lawa  which  refulate  the  dectrio  dinefaaigee 
from,  ibi 
Emiiryo,  

developroent  of  in  fishep  and  amnbibia,8M. 

Uood  of,  reeemblee  venooe  Uooo*  30U 

•opra-renal  capeulee  in,  416. 

situation  of  the  spleen  in,  41X 

iniloenoe  of  the  mother'a  mind  npon,  809. 

action  of  the  sensee  in,  717. 

formation  of,  849. 

connection  of,  with  the  uterus  in  the  human 
subject  and  mammalia,  845. 

nutrition  of  tbe,  848. 

subservience  of  liquor  amnios  to  ili  rcqwrip 
tion,  300. 
Emetics, 

action  of,  357. 
Endosmosis, 

removal  of  fluids  not  always  efiected  by  it, 
255. 

and  exosmosis,  951. 

attributed  by  Dutrochet  to  electric  aetioo, 
ib. 
Entozoe,  equivocal  generation  of,  99. 

digestive  organs  of,  339. 
Epidermis,  a  secretion  from  the  skin,  494, 
Epiglottis, 

influence  of,  in  deglutition,  351. 

influence  of,  on  the  voice,  695. 
Epithelium, 

development  o(  108. 

cells,  ib. 

a  peculiar  tan  o(  intermediate  between 
epithelium  and  mucoa,  271. 
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Epitbeliaaif 
an  in?esliDeDt  of  moft  nuooiii  menbrtnes, 
423. 
Equivocal  ^feneration, 
hypothesis  of,  23. 
facta  in  favour  of,  25. 
opposed  by  Ehrenberg*8  dbtervationt,  23» 
rcjoent  eiperimenta  concerning,  26. 
Erection,  stniotuiea  in  which  it  ocetm,  243. 

of  the  penis,  how  produced,  244. 
Eustachian  tube,  its  supposed  uses  varioue,  760. 

its  real  functions,  ih. 
Evolution  theory  of  geoeration,  explained, 

822. 
Excitability, 
definition  of,  37. 
relative  duration  of,  39. 
animal,  laws  of,  56. 
exhaustion  of,  57. 
of  the  nerves,  497. 
of  the  nerves,  changes  prodocad  in  it  by 

stimuli,  506. 
of  the  nerves,  effects  of  divisiooof  the  nerve 

on  it,  512. 
qf  the  nerves,  Dr.  M.  Hall*s  experimentt  on 
tlie  subject,  ib. 
Excrement,  chemical  compositioo  of,  403. 
Excretions, 
nature  and  uses  of,  42. 
formed  Independently  of  food  taken»  43. 
sometimes  formed  under  local  conditions,486. 
proportion  of,  to  food  taken,  454. 
Excretions,  definition  o^  diffisrs  from  secrC' 
tion,  418. 
special  apparatus  for,  not  required,  420.. 
of  foreign  matters,  how  effscted,  455« 
relative  quantity  of,  to  food,  454. 
of  superfluous  water  from  the  kidneys,  very 

rapid,  468. 
decomposition  of  body  by,  43. 
Exercise,  effects  of,  56. 
Exhalation, 
watery,  sources  of,  455» 
and  exudation,  462. 

not  influenced  solely  by  phyNcal  laws*  263. 
in  different  diseases,  ih, 
not  mere  exudation,  442. 
cutaneous,  455. 

cutaneous,  components  of^  457. 
quantity  of^,  456. 

cutaneous,  circumstanees  modifying,  459. 
cutaneous,  and  sweat,  are  true  secretions,  ib. 
Exhaustion,  causes  oi^  56. 
Exosmosis.    See  Endosmosis. 
Expiration,  mechanism  of,  317. 

in  tortoise  and  turtle,  318. 
Eye, 
nerves  of  the,  592. 
simplest  form  of,  or  eye-dots,  in  anoelida 

and  other  animals,  723. 
of  man  and  vertebrate  animals,  720. 
appendages  of  the,  ib. 
tunics  of[  ib. 

transparent  media  of,  721. 
optic  nerve  and  retina,  ib. 
destitute  of  lympbatiosi  846> 


Eye, 
and  iris,  motor  nerves  ol^  592. 
and  iris,  motor  nerves  of,  influenoe  of  brain 

on,  593. 
structural  conditions  necessary  for  vision, 

722. 
with  refracting  media,  724. 
adaptation  of  the,  to  vision  of  difbrent  dis- 
tances, 727. 
adaptation  oC  influence  of  narcotics  on  the, 

732. 
refractive  power  of  the,  changed  by  inelina- 

tion  of  the  axes  of  the  eyes  towards 

each  other,  733. 
adaptation  of  the,  voluntary  influenoe  over 

it,  ih. 
chromatic  and  achromatic  properties  of  the, 

736. 
consensual  motion  of  muscles  of,  584,  671. 
its  condition  during  sleep,  810. 
Eyelids  of  difierent  animals,  720. 

Facial  angle,  861. 
Facial  nerve, 

distribution  and  formation  of,  595. 

connection  with  the  lingual  branch  of  tb« 
fiflh  by  means  of  the  chorda  tympuii, 
595. 

its  influence  on  respiration,  322. 

is  the  special  motor  of  the  mosoles  of  the 
face,  524. 
Feces;  see  Excrement. 
Fallopian  tube, 

seminal  animalcules  in  the,  831,  833. 

reception  of  the  ova  into  the,  831,  840. 

time  of  transit  of  the  ovum  into,  840. 

changes  of  ovum  in  it,  842-^ 
False  membranes, 

formation  of,  121. 

organisation  of,  ib. 
Fasting, 

long,— effects  of  it  in  different  animals, 
337-8. 

diminution  of  temperature  from,  89. 
Fatty  matter, 

combined  with  fibrin,  104. 

exists  in  the  chyle  of  the  blood,  ib. 

composition  of,  105. 

two  principles  composing  it,  ib. 

nucleated  cells  of,  110. 

is  a  deposit  in  the  celb  of  the  oellnlar  tume, 
420. 

use  of^  ib. 
Fauces,  influence  of,  on  the  voice,  695. 

and  lurynx,  respiratory  motions  of,  317. 
Feathers, 

development  of,  109. 

reproduction  of^  118. 
Fecundation;  tea  Impregnation. 
Fenestra  oval  is, 

sonorous  vibrations  trtmsmitted  by,  754, 759. 
more  intense  through,  than  through  IIm 
fenestra  rotunda,  759. 
Fenestra  rotunda, 

transmission  of  soDoroas  vibratiooi  bjiTM* 
759. 


MfM  Molilloiit  «r  ABiflMl  M«  ii^  811, 

era. 

nbrin. 

^  diMohrad  ill  the  Mood,  9a 
how  |iraoiifod«  9Hi 
0o^[VMted|  bow  prooQffwLSv* 
in  giMow  eteoMfili,  100. 
it!  retembUnoe  to  albomeii  tod  eiMlfi,  ib. 
t  li  dlitolfod  ui  the  ehyie  end  Ifnfh^  ibb 

•tele  in  wbieh  it  ie  feand  in  the  hkiod,  155. 
*'  yrapertlon  oi;  in  the  blood,  15& 
Iptoportlon  oi,  end  red  ptrtlele^  in  erteriel 
end  venone  bkiod,  157. 
^  l^eeler  qoentitjr  of,  In  inflemmrtoiy  blood, 

15a 
.  intoence  efreepiration  on  ite  IbrmetioB,  80a 
Ie  more  ebondent  in  erteriel  then  in  venone 

bibodi309. 
of  the  ebjle^— 4te  eooree,  409. 
eateeneee>»hioh  oontein  it,  140. 
flbroue  menibre^iee, 
iympethiee  o(  574. 
o(  with  oertileftnooe  end  eeeeooi  tleeoe^ 
579. 


-^^jMHiiiHlinn  with  the  efmpethetle,  594. 
fleeet  brinch  oC  eoppoeed  by  Megendie  to 

be  the  nerve  or  eneU,  589. 
Ie  h  the  nerve  of  Ueief  Ik 
eflbete  of  divieion  of  ite  trunk  in  the  ereniam 
591.     ' 
F<ffiBie% 
'  WMMlNMIl,  4Ba 

eebtoione,4«a 

vnrteOee  in  their  etraetore,  49a 

eebieeone,  eleMlieo  ol^  455. 

of  the  etomeob,  344. 

of  the  inteellnee,  ik 

of  LieberlLQhn,  ib. 

earrounding^  Peyer's  glands,  347. 

perepiratory,  of  the  skin,  425, 456. 

of  the  stomach  and  intestines.  Dr.  Homer*8 
observations  on,  345. 
Food, 

notritioas,  necessary  conditions  of,  338. 

vegetable  substances  yielding  it,  329. 

animal  anbstances  yielding  it,  330. 

nutritive  principle  of,  ib. 

eiDtised  and  anazotised  articles  of,  331. 

necessity  of  variety  of,  333. 

Dr.  Front's  arrangement  of  articles  of,  333. 

changes  of,  in  olimeutary  canal,  376. 

ehengee  effected  by  mestication  and  the 
saliva,  ib. 

changes  it  undergoes  in  the  stomach,  377. 

relation  between  its  nature  and  the  organisa- 
tion of  animals,  342. 

duration  of  life  in  animals  deprived  of  it, 
337. 

relative  quantity  of,  to  the  excretions,  450. 
Fractures,  how  united,  124. 
Frog,  circulation  in,  179. 

carotid  gland  of,  ib. 

contraction  of  v6na  cava  in,  189. 

form  of  blood  giobolee  of,  Ua 


Frqf, 
minUvf  epneenmee  cCeeBttii  Mil  iR  Moml 

globale,  145. 
eim  of  blood  fflobnle,  14a 
lytnph  fflobake  in  iu  blood.  Ik 
lymph.£een  In,  91 1,  Sra 
meeheniem  of  reepiratloo  of  tlmb  S18L 
(|nantity  of  oeibonio  eeld  liiiWMd  tif^flfT* 
prodoele  of  reepifitimi  in  hyditifmi 

nitrafett,Sia 
oommnniettione  of  Ite  hrnniMtlon  nml-vniMb 

974. 
fiitty  body  o(  dietinet  from  raant 

4ia 

oleotrie  phenomena  in,  71. 
ehengee  in  impragnetod  ovom,  8i0L 
FnnetiMUb 
of  enimele  divided  into  enlmel 

51. 
eeeimiletorT,  orgmne  by  whieh  tlrngf  «n 

motor  orgene  oC  5a 
of  the  nervee,  53. 


GelUdedder,  not  tend  hi  all  eaiaHdeb  973. 
Gelveniem, 

ezdtee  oontrietion  of  tlie  henit,  197* 

Ite  inflnenoe  on  the  tlioraeie  dnol*  S78t 

eooeleratee  Imbibition,  1^7. 

prodnolion  of  oMeotder  oentrnolloB  bf#  SOa 

nervee  not  mere  oonduetoie  oC  ibw 

pfodoeee  In  eeeh  organ  of  oenee  Us 
eeneethm,  505: 
Gengfie  of  the  Nervee, 

gvey  eobetenoe  of,  49a 

grey  eobelenoe  ol^  ([lobolee  of,  4B4L 

glowee  of  the,  origineting^gnnr 
fibiee,530. 

obeeifioetlon  of  the,  49a 

of  eensitive  nerves,  ib. 

of  the  sympathetic  nerve,  ib. 

sympatiietic,  with  cerebral  nervee,  49a 

probable  uses  of,  530. 
Gangrene  senilis,  its  causes,  2ia 
Gangrene,  definition  of,  236. 
Gases,  rospirable  and  irrespirable,  38a 

poisonous,  288. 

quantity  of  them  contained  in  water,  ia 
Gasserian  ganglion,  495. 
Gastric  juice, 

existence  o£,  denied,  384. 

proved  by  Dr.  Beaumont,  36a 

chemical  analysis  o^  ib. 

acids  of,  366. 

solvent  power  of,  385. 

experiments  of  Dr.  Beaumont  on,  38a 

are  its  solvent  principles  acids?  388. 

nature  of  the  digestive  principle,  ^0. 

chemical  properties  of  this  principle,  39a 

influence  of  food  on  its  chemical  reeetioo, 
365. 

its  sources,  ib.  . 
Gelatin, 

from  what  parts  obtained,  lOa 

chemical  characters  of,  ib. 

ie  Bceroely  a  proximate  principle,  la 
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Gemins,  lee  Bads. 
Generation, 

non-sexual,  815. 

by  multiplication  during^  growth,  in  plants, 
ib. 

non-sexual,  by  multiplication  daring  growth 
in  animals,  ib. 

non-sexual,  fissiparous,  artificial,  81 7. 

non-sexual,  fissiparous,  spontaneous  or  na- 
tural, of  plants  anrd  animals,  ib. 

non-sexual,  gemmiparous,  818. 

sexual,  819. 
WolflTs  theory  of,  836. 

sexual,  Wolff's  theory  of,  refuted,  837. 
Generative  fluids,  latent  state  of  the  mind  in, 

617. 
Genus  and  species,  origin  of,  32. 

distinguished,  851. 
Germ,  external  conditions  necessary  to  de- 
velopment of,  789. 

difference  between  it  and  thefoUy  developed 
organism,  ib. 

latent  state  of  the  mind  in,  617. 

embryo  formed  from,  642. 

in  seeds  long  preserved,  30. 
Germs,  coalescence  of  two,  causes  of,  54. 
Germinal  vesicle, 

the  essential  portion  of  the  ovum  according 
to  Dr.  Barry,  841. 

in  the  ovulum  of  Mammalia,  814. 

its  germinal  spot,  822,  841. 
Germinal  spot,  described,  823.  v 

presenting  in  the  germinal  vesicle,  841. 

is  tlie  aniuogue  of  the  nodeos  of  formative 
cells,  £3. 

its  changes,  as  described  by  Dr.  Barry, 
841. 
Germinal  membrane,  intimate  structure  of,  20. 
'    changes  of,  during  incubation,  170. 
Glanduiss  solitariae, 

of  large  intestine,  344. 

of  small  intestine,  348. 
Glosso-pharyngeal  nerve, 

distribution  of,  595. 

function  of,  520,  595. 

is  it  the  nerve  of  taste?  590. 
Glottis,  structure  of  the  human,  689. 

various  forms  which  it  assumes,  690. 

the  voice  formed  bv,  689. 
Gout,  condition  of  urme  in,  665. 

causes  of,  332. 
Graafian  vesicles  described,  823. 
Grennlations,  microscopic  structure  of,  135. 

secretion  of  pus  by,  ib. 

healing  of  a  wound  by,  ib. 

formation  of  skin  by,  136. 
Growth, 

discoveries  of  Schwann  and  Schleiden  in, 
481. 

laws  of,  and  change  of  form,  482. 

metamorphoses  of  animals  by,  483. 

influences  of  ideas  upon,  798. 
Gymnotus;  see  Electric  Fishes. 


Hsmatin;  see  Croorin. 

Hair,  alleged  reproduction  of,  119. 
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Hearing, 

physical  conditions  essential  to,  744. 

organ  of,  its  simplest  form,  751. 

organ  of,  in  birds,  ib. 

organ  of,  in  Mammalia,  ib.;  see  ESar. 

influence  of  the  membrana  tympani  and 
auditory  bones  upon  it,  754. 

influence  of  tension  of  the  membrana  tym- 
pani on,  756. 

influence  of  the  mind  on,  768. 

varieties  in  its  acuteness,  770. 

sympathetic  affections  of,  ib. 

connection  of,  with  speech,  706. 
Heart, 

definition  of,  182. 

different  forms  of,  ib. 

action  of,  183,  197. 

systole  and  diastole  of,  185. 

impulse  of  the,  187. 

sounds  of  the,  ib. 

frequency  of  action  of,  at  different  ages,  183» 

valves  of,  to  prevent  regurgitation,  186. 

cavities  of,  never  completely  emptied,  ib. 

why  its  contractions  are  rhythmic,  197. 

influence  of  respiration  on,  198. 
of  the  nerves  on,  199. 
of  the  brain  and  spinal  OMrrow 

on,  201. 
of  the  sympathetic  nerve  on,  205. 

the  sole  cause  of  capillary  circulation,  237. 

lymphatic  in  frog,  211,  275. 

caudal  in  eel,  211,23a 
Heat, 

external,  its  influence  on  the  temperature  of 
warm-blooded  animals,  80. 

power  of  resisting  it,  81. 

and  cold,  comparison  of  their  eflects,  93. 
Herbivore, 

change  their  food  from  animal  to  vegetable, 
342. 

Malpiffhian  corposcules  in  spleen  of,  414. 
Hiccough,  respiratory  movements  in,  S26. 
Hippunc  acid,  its  characters  and  composition, 

465. 
Histogeny,  105. 
HomcBopathy,  folly  of,  60. 
Hunger, 

local  sensations  of,  arrested  by  the  diviaion 
of  the  nervus  vagos,  336. 
Hybemating  animals, 

temperature  of,  when  not  torpid,  77. 

temperature  of^  during  hybernation,  ib. 

respiration  snd  circulation  of,  77-8. 

peculiarity  of  vessels  of,  79. 

irritability  of  muscles  of,  78. 

condition  of  their  blood  and  bile,  ib. 
Hybernation, 

phenomena  of,  77. 

causes  of,  77,  79. 

respiration  less  needed,  77. 

analogous  to  nocturnal  sleep  of  plants,  80. 
Hypoglossal,  or  ninth  nerve, 

is  the  motor  nerve  of  the  tongue  and  of  the 
large  mnscles  of  the  larynx,  523, 597. 

Ideas,  aiiociation  of  movements  with,  674. 
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Ideal,  moTementfl  excited  by,  672. 

mflaence  of,  upon  growth,  798. 
Imbibition, 

distinguished  from   lymphatic  absorption, 
249. 

phenomena  of,  250. 

modifiod  by  attraction,  256. 

Accelerated  by  gfalvanism,  257. 
See  Endosmosis. 
Impregnation, 

in  plants  and  animals,  Wolff's  theory  of, 
836. 

in  planto,  835. 

in  animals,  resalts  from  the  direct  action  of 
the  semon  on  the  ovum,  833,  838. 

in  animals,  situations  in  which  ovum  may 
be  impregnated,  834. 

in  animals,  influence  of  spermatozoa  in,  ib. 

in  animals,  changfes  in  the  ovum  immedi- 
ately afler  it,  841. 
Infknt,  position  of,  in  utems,  at  commence- 
ment of  labour,  850. 

changes  of,  in  its  organism  afler  birth,  851. 

first  respiration  of,  667. 

action  of  the  senses  in,  716. 
Inflammation, 

state  of  the  .capillaries  in,  235. 

increase  of  temperature  during,  89. 

influence  oU  on  the  pulse,  184. 

nature  of,  236. 

Adhesive,  121. 

suppurative,  133. 

does  not  occur  in  lower  animals,  1 17. 

not  identical  with  regeneration,  ib. 

differs  from  assimilation,  473. 
increased  vital  action,  236. 

wherein  it  consists,  55,  66,  99. 
Infusoria,  discovery  of  their  structure,  24. 

respiratory  organs  of.  291. 

digestive  organs  of,  338. 

traces  of  nervous  system  in,  487. 

opinions  and  experiments  concerning  their 
generation,  23. 

phosphorescent,  93. 
Ingesta.  passage  of,  into  the  secretions,  254. 

reappearance  of,  in  the  urine,  255. 

changes  which  they  undergo  in  the  large 
intestines,  402. 
Insects, 

circulation  in. 
Inspiration,  mechanism  of. 
Intestinal  Villi, — see  Villi. 
Intestinal  canal, — see  Alimentary  canal. 
Intestines, 

mucous  membrane  of,  344. 

contractile  nnd  serous  coats  of,  348-9. 

motions  of,  359. 

secretion  of,  chemical  characters  of,  375. 

acid  secretion  of  the  ceeciim,  ib. 

changes  which  ingesta  undergo  in  large  in- 
testine, 40*2. 

gaseous  matters  in  the,  403. 
Iron, 

presence  and  state  of,  in   the  blood,  152, 
153. 

as  cause  of  the  colour  of  the  blood,  ib. 


Iron, 

state  in  which  it  exists  in  the  chyle,  413. 
Iris, 

influence  of  the  third  nenre  and  of  nasal 
nerve  on,  592. 

connection  of  its  movements  with  these  of 
the  eye-ball,  733. 

its  condition  during  sleep,  810. 

of  an  amaurotic  eye,  condition  of^  551. 

its  uses,  725. 
Irritability, 

distinfiruished  from  sensibility,  53. 

use  of  the  term  by  Haller,  653. 
Irritation, 

definition  of,  58. 

of  an  organ,  effects  of,  59. 
Irritant, 

definition  of,  58. 


Kidneys,  structure  of,  432. 
disposition  of  blood-vessels  in,  ih. 
structure  of  secreting  tubuli,  433. 
Woehler*s  theory  of  their  office,  468. 
consequences  of  their  extirpation,  173. 


Labyrinth, 
acoustic  properties  of  the,  765. 
use  of  its  fluid,  ib. 
use  of  the  vestibule  and  semicircolar  canals, 

766. 
use  of  calcareous  concretions  in,  767. 
use  of  the  cochlea,  ib. 
propagation  of  sound  to,  in  animals  living 

in  the  air,  753. 
propagation  of  sound  to,  by  the  membraoa 

tympani  and  ossicula  auditos,  755. 
propaj^ation  of  sound  to,  through  the  cranial 

bones,  763. 
transmission  of  sound  to,  by  the  feoestrs, 

ovalis  and  rotunda,  759. 
resonance  of  cavities  in  its  vicinity,  762. 
membranous,  its  uses,  768. 
Lactcals.    See  Absorbents. 
Lactic  acid, 
in  scrum  of  the  blood,  161. 
source  of,  174,  466. 
in  gastric  juice,  366. 
Lamina  spiralis, 
aids  the  cochlea  in  the  perception  of  sounds, 
768. 
Languages,  the,  spoken  by  different  races  of 

mankind,  863. 
Larynx,  structure  of,  689. 
elastic  tissue  of,  690. 
male,  and  female,  differences  in,  693. 
experiments  on  the  human,  removed  from 

the  body,  692. 
results  of  experiments  on  the,  692-3. 
influence  of  ventricles  of,  on  the  voice,  696. 

See  Voice, 
and  fauces,  respiratory  motions  of,  695. 
Leaf  of  plants,  an  individual  organism,  815. 
Leaping, 
mechanism  of,  in  man,  686. 
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Liie, 
ooDdition  necettaiy  for  iUi  roanifesUtioD, 

35. 
attended  by  decompotition  of  animal  mat- 
ters, 36,  454,  475. 
duration  of,  in  animals  depri?ed  of  food, 

337. 
embryonic,  characterirtica  of^  853. 
period  of  childhood,  boyhood,  and  youth, 
853. 
.  period  of  manhood,  854. 
period  of  sterility  and  old  age,  855. 
of  the  blood,  166-7. 
Light, 
development  of,  in  animals,  93. 

man,  96. 
of  phosphorescent  origin  in  animals,  94. 
not  developed  by  the  eyes  of  animals,  95. 
Liquor  sanguinis, 
how  procured,  142. 

influence  of  coagulation  of  blood  on,  155. 
state  of  fibrin  in  it,  ib. 
holds  fibrin  dissolved  in  it,  ib. 
differs  from  serum,  142. 
resemblance  of,  to  lymph,  188. 
Lithic  or  Uric  Acid, 
excreted  by  insects,  460. 
in  urine,  source  of,  173,  464. 
in  the  embryo,  174. 
how  obtained,  463. 
its  characters  and  composition,  ib. 
existence  of  urea  in  it,  ib. 
contains  allantoin,  464. 
in  urine  of  gouty  persons,  465. 
in  urine  of  different  animals,  ib. 
its  production  connected  with  the  nature  of 
food,  ib. 
Liver,  its  various  forma  in  the  animal  aeries, 
430. 
termination  of  biliary  ducts  of,  431. 
arrangement  of  blood- veasels,  ib. 
researches  of  Mr.  Kiernan,  ib. 
development  of,  ib. 
influence  of,  on  the  blood,  174. 
action  uf,  independent  of  digestion,  175. 
Lochia,  851. 
Locomotion, 

animals  destitute  of,  677. 
animals  free  one  part  of  life,  fixed  at  an- 
other, ib. 
animals  endowed  with,  678. 
organs  of  support  for,  679. 
bones,  their  minutb  structure  and  composi- 
tion, 678. 
skeleton,  or  osseous  system,  679. 

articulation  of,  680. 
conformation  of  human  frame  for,  681. 
vertical  or  upright  position  of  human  body, 

ib. 
parts  of  Bustentation  and  motion  for,  ib. 
mechanism  of,  683. 
swimming,  684. 
walking  and  running,  ib. 
walking,  mechanism  of,  685. 
running,  movements  in,  686. 
leaping,  mechanism  q£,  ib. 


Lungs,  vascular  structure  of,  189. 
great  absorbent  power  of,  347. 
secreting  power  of  the,  315. 
capillaries  of  the,  189. 
Lymph, 
its  characters;  analysis  of  it  and  of  chjle, 

265. 
human,  its  appearance    and    microscopic 

characters,  ib. 
of  the  spleen,  red  colour  of,  267. 
its  resemblance  to  liquor  sanguinis,  168. 
identity  of,  with  liquor  songuinis,  278. 
and  chyle,  comparison  of,  266. 
and  chyle,  nature    and   source    of  their 

globules,  268. 
and  chyle,  change  produced  in  them  by 

absorbents,  280. 
and  chyle,  cause  of  their  motion,  281. 
and  chyle,  when  mixed  with  the  blood  in 
mammalia,  ib. 
See  Chyle, 
of  the  frog,  its  appearance,  266. 
effused,  organisation  of,  121. 
Lymph  globules, 

circulate  with  blood,  S51. 

transformation  of  red  particles  into  the, 

232. 
probable  source  of  blood  globules,  169. 
relation  of  to  nutrition,  474. 
Lymphatics.    See  Absorbents. 
Lymphatic  hearts  of  amphibia  and  reptiles, 
their  discovery,  number,  situation  and 
uses,  275. 
Lymphatic  system,  sympathies  of,  575. 


Male,  periodicity  of  the  sexual  functioM  in 

the,  829. 
Man, 

constituent  elements  of  his  body,  14. 
characteristics  of  the  two  sexes,  820. 
brain  of,  and  of  higher  animals  compared, 

612. 
brain  of,  and  mammalia  compared,  613. 
Mastication  preparatory  to  digestion,  376. 
Meatus  auditoriusexternus, 

influence  of,  in  the  propagation  of  sound  to 
the  tympanum,  761.  * 

Medicinal  agents  referred  to  three  classes,  61. 
Medulla  oblongata, 
structure  of,  619. 
properties  of,  620. 
the  source  of  all  respiratory  movements,  331, 

323,621. 
the  scat  of  sensation  and  volition,  621. 
excited  by  the  first  aerated   blood  of  the 
child  to  determine  respiratory  action, 
667. 
Membrana  tympani, 
propagation  of  sound  by,  754. 
effects  of  its  tension,  756. 
influence  of  the  tensor  tympani  muscle  on 
hearing,  758. 
Membranes,  false,  how  formed,  121. 
Menstruation, 
wherein  it  consists,  894. 
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of  tba  mollMr,  it*  inflnSDM  n 
803. 
Horboi  cnrBina,  low  tempentnr*  of  Um  body 

in.  71.  87. 
notrition  and  aecratiot)  not  affected 

163. 
Mother, 
connection  belir 
influence  of  her 
after  ehild-biith,  651. 
milk  of,  lb. 
Hocona  mcmbranea. 
■tri]C(ureof;4'23. 
ctiemicil  eompoailion  of,  iU 
three  divltjons  of,  ib. 
reunion  of,  ib. 
reunion  of  di<ided  eicretorj  ducta,  lb. 

■eorelion  of,  433. 

ftlliclea  aecreling,  ib. 

ita  UMa  snd  chemical  charactera,  434. 

globules  in  it  reaembting  pua  globulea,  can. 

taina  pyine, — differ*  Horn  poa,  134. 
Maictes, 
derelopmcnt  and  erowlh  of  pTimiliie  6bru 

of,  ill. 
obaerrationa  of  Valentin  and  Bohwann  on. 


tbooria*  of  oootractibB  of,  660. 
oontraetiiilj  ai,  il*  «••**•,  659. 
«0Dtneliii(7  et,  JnfliMBdi  of  lb*  Uaarf  ct. 
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depondant  on  oerlut  aMM  U  tkm  tml, 
673. 
•loited  br  Idaaa.  ib. 

Naila,       ,             '    . 

Necroeii,  cauaea  of.  136. 

progteaa  of,  137. 
Nervea, 

two  ayatemi  of.  301. 

minate  alructore  of,  488. 

ib. 

nhila  and  grey  fliaciculi  in,  490. 

of  Ihe  ayglem  of  ^^7  o'  organic  fibca, 

nreanic  Gbraa  in  the  «erel>ro.BpiDal  n 

son  ' 


.    1.  ib. 

functiuna  of,  lb. 
courae  and  arranj^ment  of  primitive  fibres 

ofwliile  and  grey  fudcoli,  490. 
primitive  librea  of,  do  not  anaatomiMe,  491 . 
lormination  of  primiUve  fibraa  of,  433. 

of  ihe  brain,  ib. 
grey  ■ubitance  of  the  brain  and  iiunal  cord, 
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Nenres, 
distribution  of,  in  the  eerebro-apinal  and 

sjm  pathetic  nerves,  494. 
grey  substance  of  the  granglia,  493. 
classification  of  ganglia  of,  495. 
functions  of,  46. 

their  influence  on  the  heart!s  action,  199. 
on  capillary  circulation,  237. 
on  action  of  small  vessels,  480. 
on  animal  heat,  89. 
respiratory,  their  influence    according  to 

Bell,  322. 
their  influence  on  nutrition,  478. 
regeneration  of^  127. 

their  influence  on  reproduction  of  parts, 
128. 
on  secretion,  447. 
on  secretion  of  urine,  448. 
on  muscular  contractility,  658. 
ditribution  of,  in  muscles,  660. 
spinal,  sensitive,  and  motor  roots  of,  515. 
experiments  of  the  author  on,  5 1 7. 
their  properties,  518. 
cerebra],  sensitive,  and  motor  properties  of 

the,  519. 
mixed  cerebral,  ib. 

mostly  motor,  without  a  ganglion,  523. 
motor,  laws  of  their  action,  532. 
sensitive,  laws  of  their  action,  536. 
motor  and  sensitive,  different  modes  of  action 

of,  560. 
reflex  action  of,  548; 
sympathies  of  sensitive  and  motor  with  each 

other,  582. 
sensations  produced  by  their  division,  539. 
of  special  sense,  theories  with  regard  to, 

587. 
of  the  different  senses  cannot  perform  each 

other's  functions,  588,  714. 
supposed  absence  of  optic,  in  the  mole  and 

Proteus  anguinus,  588. 
is  the  fiflh,  or  the  glosso-pharyngeal,  the 

nerve  of  taste?  589. 
exciUbility  ofthe,497. 
action  of  mechanical  stimuli  on,  498. 
of  temperature  on,  499. 
of  chemical  stimuli  on,  ib. 
of  electric  stimuli  on,  500. 
galvanic  experiments  on,  501. 
not  mere  conductors  of  electricity,  503. 
theory  of  electric  currents  in,  514. 
changes  in  their  excitability  by  stimuli,  506. 
action  of  renovating  stimuli  on,  508. 
of  alterant  poisons  on,  ib. 
of  narcotics  on,  through  the  blood,  509. 
local  action  of  narcotics  on,  510. 
influence  of  division  on  their  excitability, 

512. 
results  of  their  division  for  neuralgia,  540. 
sympathies  of,  with  the  central  parts  of  the 
nervous  system,  582. 
Nervous  system, 
exists  in  all  animals,  46. 
distinction  between  that  of  the  vertebrata 

and  invertebrata,  486. 
type  of,in  the  ndiata»487. 
74 


Nervous  system, 
type  of,  in  the  mollosca,  ib. 

in  the  articulata,  ib. 
central  organs  of,  their  functions,  598. 
not  wholly  inactive  in  sleep,  600. 
central  organs  of,  generate  and  regenerate 
nervous  principle,  601. 
their  formation,  602. 
comparative  size  of  them,  and  of  the 
nerves,  in  different  vertebrata,  603. 
periodicity  of   symptoms  in   diseases  o^ 
668. 
Nervous  influence, 
theories  of,  531. 
rate  of  its  transmission,  532. 
laws  of  its  transmission  in  motor  nerves, 

ib. 
displayed  in  the  production  of  associate 

movements,  533. 
laws  of  its  transmission  in  sensitive  nerves, 

536. 
its  transmissioB  slow  in  sympathetic  nerve, 
566. 
Nervous  principle, 
different  opinions  on,  513. 
not  identical  with  electricity,  ib. 
comparison  of  with  electricity,  514. 
generated  and  regenerated  by  nervous  oen- 
tres,  601. 
Nervus  accessorios, 
distribution  of^  596. 
relation  to  nervus  vagus,  521. 
its  influence  on  respiration,  322. 
Nervus  vagus, 

influence  of,  on  respiration,  32. 
effects  of  division  of,  327. 
influence  of,  on  digestion,  596. 
on  secretion  of  gastric  juice,  ib. 
causes  sensation  of  hunger,  336,  596. 
compensating  return  of  influence  to  sympa* 

thetic,  596. 
relation  of  to  accessory  nerve,  521. 
functions  of,  522,  595. 
Nuclei  and  Nucleoli, 
metamorphoses  of,  into  the  tissoet,  114. 
intheblood,  113, 150. 
chemical  analysis  of,  150. 
relaUon  to  the  cells,  106-7, 114. 
Nucleolus, 

formation  of,  114. 
Nutrition,  definition  of,  470. 
materials  for,  in  the  blood,  472. 
relation  of  red  particles  to  it,  471. 

of  lymph  globules  to  it,  ib. 
diseases  of,  474. 
morbid  state  of  fluids  in,  ib. 
renewal  of  the  material  of  the  fluids  io,  475. 

of  the  material  of  the  solids  in,  476. 
influence  of  the  nerves  on,  478. 

Odours,  conditions  necessary  ibr  their  pereep- 
tion,  771. 

sensations  of,  from  internal  caoses,  774. 
(Esophagus, 

movements  of,  in  deglutition,  352. 

movements  of,  in  vomiting,  357. 


CNftfllOffJ  BOTVN, 

tfenir  wdrtjace  naeeHuy  ki  tlw  pwwplioa 

of  odoqfi,771. 
difibraioe  of  their  ptopertiot  is  diftMnt 

uiimilt,  774. 
thoir  fiibiootifo  icinittioiM_  ibw 
OpCio  nenro,  its  pwniHarHiM  in  tko  dHBannl 

YortdiraU,791. 
OpCoBietor,  vmm  o(  735. 
Ornnlo  aUrafltioo, 

ftflli  iUnrtntifo  of;  SL 
Oimio  feros,  ito  definition,  87. 
C  eieetive,  81. 
eziite  in  tbe  genn,  31. 
ie  not  identtou  with  the  mindt  ih. 
Ite  Batnret  33. 
mobUity,  34. 
eooraee,9l,43. 
oondltioDe  neoeenry  fiv  iti  eAtioii,  35. 
Onmiiio  metter, 
fii  ooostitoent  elementi,  13. 
lenniy  end  qaeteraerj  eonpoonde  in,  15. 
ooneiele  ohieflf  of  oombuetiole  eobettneee, 

16. 
tte  tendenoj  to  deeompoeltion,  lb. 
oonditioQe  neoeeeeryto  ite  deeompoettioo, 

17. 
piodoete  of  ite  deooniMiition*  ibb 
elite  in  which  minerue  eziet  in*  18. 
Ite  eampleet  forme.  19. 
fteqnent  eppeerenoe  la  miorQeoopio  mole- 
ettlee,30. 
oltimete  flhne  In,  81. 
ke  eooreeei  91, 96, 43. 
generelad  bjjelante  firom  Inorfinio  com- 

poandb,99. 
wl^  It  peridhee,  41.^ 
Onenio  nioleonlee>  tlieir  dimeneiaae  •">d  fewn. 

Omnic  prooeeeee,  influenee  of  spinal  cord  on, 

613. 
Orfenieation  of  an  animal,  relation  between  it 
end  tbe  nature  of  ita  food,  343. 
tendency  of  fibrin  to,  1 68. 
of  eifuaed  lymph  to,  131. 
Ornniied  bodiet, 
ueir  indiviiibility,  38. 
adaptation  displayed  in  them,  ih. 
their  gymmetry,  39. 

component  titsaes  never  cryetalline,  30. 
physical  phenomena,  67. 
moisture  essential  to  vitality  of,  19. 
renewal  of  materiala  o(  tee  Nattitive  pro> 

cess,  469. 
Bubject  to  death,  40. 
Organism,  its  characterietics,  37. 
unity  in,  88. 
ite  origin,  33. 
of  animals,  45. 
Oemazome,  its  chemical  propertiee,  104. 
ie  a  compound  of  animal  matter  with  lac- 
tates, 104. 
in  serum  of  the  blood,  161. 
Oseicula  aoditus,  their  usee,  754. 
propagation  of  eoondi  throng  h  tliem  to  the 
labyrinth,  755. 
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their  MMhn,  75a 

action  of  tbe  etapedion  oionele,  Ik 
Ovarinm  or  gennen  in  phots,  895i. 
Ori-eapenle,  deeeribed,  89a 
Ovidofk,  ftecomnlation  of  om  ist  S^l* 
Ovninm, 

by  wIknu  dieeoveved,  893b 

how  retained  in  the  OraafinD  wfale,  ik 

ita  etmetnre  deeeribed,  lb. 

germinal  veeide  within  It,  894. 

eitemal  inveetment  of    Mon  pellicidi,  or 
eborion,893. 

In  the  flower  of  pUnta,  835. 
Ovnm, 

imlmpregnated,  ita  etroetnra,  br  wfaoa  aCo- 
died,  891. 
where  developed  In  diflerent  uunule,  889. 
ite  Bseential  parte,  ib. 

ite  eeparation  from  tlie  ovary,  831. 

changee  in,  immediately  after  iaapngiMiMi; 
Dr.  Barry'a  obeervationB,  841. 

of  memroslia,  eeparation  from  the  ovniy  de> 
pende  on  coition,  881. 

wherein  it  difoe  firom  the  bod,  891. 

time  of  ite  entrance  into  Fallopian  tnbob  BML 

changee  which  precede  Um  ezpulnoD  eC 
from  ite  oapenle,  839. 

ettuatione  in  which  impregnated,  834. 

ehangee  in  the  ydk  of,  aooordin^  In  Ik, 
Barrv,833. 

eapeole  of,  ovicapenle  or  calyx,  899: 

development  o^  in  germinal  veeidb,  883. 

ebown  to  be  a  cell,  by  Schwann,  838. 

oonveralon  of,  into  embcyc^  841. 

development  of,  in  the  oterae,  843. 

formation  of  bUiod  in  the,  170. 
Ovum,  human. 

time  of  ite  appearance  in  ntema,  843. 

ita  relatione  to  the  deeidna,  843. 

to  the  allantois,  865*. 
.    membranes  of,  866*. 

development  of,  in  utero,  866*,  867*. 
Oxygen, 

amount  of,  coneooMd  in  respiration,  996. 

presence  of,  in  the  Mood,  173,  313. 

in  arterial  blood,  303,  305. 

experiments  of  Magnus,  313. 

Palate,  motions  of,  in  deglutition,  350. 

motidiiB  of,  in  vomiting,  356. 
Pancreaa,  peculiar  to  Vertebrata,  373. 

structure  of,  430. 
Pancreatic  juice,  chemical  characters  o^  373. 
Paralysis, 

influence  of,  on  the  pulse,  313. 

nutrition  affiscted  by  it,  478. 

sensations  in  parts  offected  by  it,  539. 

and  convulsions,  from  lesions  and  diaease  of 
the  brain  and  spinal  cord,  634. 

from  disease  of  tbe  spinal  cord,  636. 

from  disease  of  the   spinal    cord,  makes 
motion  of  the  intestines  slow,  566. 

from  disease  of  the  brain,  637. 

parts  affected  by,  often  most  readily  con- 
tract under  we  of  alryofana,  SvL 


ZRDBZ. 


879 


Panljsit, 

oontraction  of  maiolet  of  one  lido  from,  669. 
Parotid  gland,  development  of,  430. 

salivary  canals  in  it,  ib. 
Passions,  influence  oft  on  different  Yiscera, 
615,  798. 

muscular  movements  excited  by,  672,  798. 

modified  by  different  states  of  the  body,  792. 
Pepsin,  cbemicsl  properties  of^  393. 

action  of,  394. 

action  of,  on  casein,  394. 

does  not  dissolve  all  aliments,  395. 
Periodicity  of  vital  actions,  60. 
Periosteum,  its    share  in   the   formation  of 
callus,  125. 

its  share  in  the  formation  of  the  new  bone, 
afler  necrosis,  137. 

sympathies  of,  with  bone,  579. 
Peristaltic   movements  of  parts  supplied  by 

the  sympathetic,  569. 
Permeability  of  animal  tissues,  249. 
Perspiration,  whence  secreted,  425,  456. 
Phantasms, 

wherein  they  consist,  793. 

circumstances  under  which  they  occur,  794. 

produced  by  certain  diseases,  795. 

$een  by  Nicolai,  796. 

observation  of  Goethe  on,  18. 
Phosphate  of  lime,  state  of^  in  the  bones,  13. 
Physiology,  definition  of,  93. 
Phosphorescence, 

of  infusoria,  93. 
ceases  in  death,  94. 

of  animals  with  proper  phosphorescent  or- 
gans, ib. 

analogy  of,  with  development  of  electricity, 
ib. 

of  insects,  95. 

imaginary,  of  eyes  of  the  higher  animals,  93. 

of  the  sea,  its  three  sources,  193. 
Picromel  of  the  bile,  371. 
Pigment  cells,  421. 

development  of,  108. 
Pistil,  female  sexual  organ  of  plants,  835. 
Placenta,  human,  846,  866*. 

foetal  end  uterine,  according  to  Weber,  846. 

fcBtal  and  uterine,  no  direct  vascular  con- 
nection  between,  847. 

action  of,  equivalent  to  respiration,  for  the 
foetus,  300, 84a 
Plants, 

their  constituent  elements,  13. 

cellular  tissue  of,  48. 

nutriment  of,  43. 

nitrogen  subservient  to  their  nutrition,  49, 50 

generate  organic  matter,  22, 26. 

circulation  in,  48. 

ascent  of  sap  in  their  vessels,  279. 

respiration  of,  its  product  and  uses,  49r 

and  animals,  their  differences,  45. 

sleep  and  waking,  808. 

their  sleep  compared  with  that  of  animals,  ib. 

nocturnal  sleep  of,  analogous  to  hyberna- 
tion, 80. 

motions  of,  45. 

motions  o^  not  Tolontary*  ib. 


Plants, 

motor  organs  of,  648. 

theory  of  the  motion  of  the,  649. 

motions  of  the  sensitive  plant,  ib. 

cause  of  motion  in,  ib. 

mode  of  propagation  o(^  48. 

their  multiplication  during  growth,  815. 

their  multiplication  by   the  formation  of 
buds,  81  a 

sexual  organs  of,  835. 

spermatozoa  in  their  male  sexual  organs,  827. 

act  of  impregnation  in,  835. 

nature,  of  the  process  of  impregnation  in,  ib. 

development  of  their  tissues  from  cells,  106, 
149. 
Plethora,  effect  of,  on  absorption,  257. 
Poisons,  action  of,  253. 

chemical  action  of,  ib. 
Portio  dura;  see  Facial  nerve. 
Portal  circulation,  181, 194. 
Posture,  influence  of,  on  the  pulse,  184. 
Presbyopia  and  Myopia,  734. 
Primary  cell,  106,113. 
Protein, 

its  formation,  15. 

its  affinity  to  albumen,  fibrin  and  casein,  ib. 

compounds  of,  produced  by  vegetables,  97. 

furnishes  the  materials  for  the  various  tis- 
sues, 97. 
Puberty,  period  of,  827. 
Puerperal  state,  851. 
Pulmonary  circulation,  1 8a 

consequences  of  its  obstruction,  190. 
Pulse, 

various  frequency  o^  according  to  age,  dtc, 
183. 

modified  by  elevation,  sex,  posture,  &.e.  184. 
inflammation  and  fever,  ib. 

cause  of,  187,  207,  209. 

not  synchronous  in  different  arteries,  20a 
Pulsus  cordis,  187. 
Pulsus  venoeus,  18a 
Pus, 

secreted  from  inflamed  surfaces,  133. 

physical  and  chemical  characters  of,  ib. 

wherein  differing  from  mucus,  134. 

its  presence  in  the  blood,  ib. 
Pyine, 

chemical  characters  o(  133. 

Races,  different, 

how  produced,  557. 

of  the  human  species,  860. 

human,  Blumenbach*s  classification  of  the, 
861. 

human,  languages  spoken  by,  863. 
Reaction, 

definition  of^  58. 

its  uniformity  in  organised  bodies,  59. 

is  intermittent,  60. 
Rectom,  muscular  action  of  the,  360. 
Red  particles,  physical  characterbtics  of,  145. 

effects  of  re-agents  on,  148. 

chemical  analysis  of,  150. 

stats  in  which  iroq  exists  in,  153. 

theiiioentral  spot  or  nndens,  145. 


JM  ptrtiokm  origin  of  the,  169. 
Sdkoted  or  Reflex  mofenieiita, 

irf'the  tnimal  ejatem,  548,  €70. 

of  the  organic  ■jratem,  567, 670. 

different  ezpianatioof  oi^  548. 

dependent  on  the  epiul  Qord,550. 

laereaaed  excilalNlitj  of  apinai  oord 
aery  thereto,  ib. 

]ocaU551. 

of  ayatema  of  muaclea,  559. 

of  muaeiea  of  entire  tmnk,  553. 

attended  with  aenaationa,  though  not 
aarily,  555. 

the  anthor'a  theory  of  their  prodaetioOt  ib. 

Dr.  H&ll*a  obaerrationa  on,  553. 

Dr.  HalPa  tiMory  of  ozoito-motory  and  re- 
flecto-motory  nerrona  fibrea,  555-7. 

ohief  pointa  eonnected  with  the  preaent  doc- 
trine of;  558. 

Dr.  HalPa  theory  corroborated  by  iofeeti- 
gationa  of  Mr.  Grainger  and  Dr.^  Car- 
penter, 558. 

power  of  apinai  cord  ibr,  probaUy  in  grey 
aobatance,  559. 

groat  difierence  of  nerfoa  in  emiting,  ib. 
BiifgftnttratifWt 

moat  prompt  in  inferior  anioiala,  117. 

onaoecunpaDied  by  inflammation  of  oner- 
ganiaed  tiaaoea.  118. 

accompanied  by  inflammation,  191. 

of  the  different  tiaaoea,  193. 

■oeompanied  by  adheaive  inflammation,  191. 
BQpparative  inflammation,  133. 
Reproduction.  8e€  Regeneration. 
Reptiles,  dreulation  in,  17a 

aortic  arcliee  in,  180. 

portal  circalation  in,  181. 

Ibrm  of  their  blood.gbbulea,  145. 

lymph  liearU  of  the,  975. 

napiratory  organa  of,  993. 

aammer  sleep  of,  180. 

gaatric  juice  of,  367. 

hafe  no  absorbent  glands,  273. 

brain  of,  619. 
Reapiration, 

ita  difference  in  plants  and  animala,  49. 

aa  a  source  of  animal  beat,  85,  87. 

action  of,  in  the  production  of  blond,  171. 

necessity  of^  to  different  animals,  289. 

how  effected,  189,  294. 

changes  produced  in  the  air  by,  ib. 

generation  of  carbonic  acid  by,  995. 
'    consumption  of  oxygen  by,  2i96. 

proportion  of  nitrojrcn  in  air  changed  by,  ib 

volume  of  air  respired  by  the  adult  man,  289. 

of  cold-blooded  animals,  997.  I 

ita  products  in  warm  and  coId*blooded  ani- 1 
mala  compared,  ib.  i 

influence  of,  in  the  formation  of  blood,  171. ! 

changes  in  the  colour  of  blood  by,  309.  ! 

influence  of,    in   the  formation   of  fibrin,  ■ 
303. 

nature  of  the  change  produced  in  the  blood 
by,  307. 

influence  of,  on  the  circulation;  on  the 
heart'a  action,  198.  • 


RecpifmUoD, 

inflaoMs  oC  on  tfao  tmwiH  cinslatioD,  940L 

infloenoe  of,  on  the  biood*n  motioBt  916. 

in  water,  998. 

of  fiahee,  ehangee  prodoood  in  wnler  by,  ib. 

of  embrYoe  of  animals,  300. 

not  perrormed  in  tlie  liqiior  aamioi,  301. 

chemical  prooeaa  o^  307. 

variooa  tbeoriee  of  the  piroceae  €€,  808L 

prodnets  of,  in  hydrogen  and  Ditrofcn,  319. 

carbonic  acid,  quantity  ozhaled  in.  314. 

a  function  of  a  mixed  kind,  316. 

flrat  excited  in  child  by  arterial  Mood  atiBa- 
lating  medulla  oAoogatav  667. 
Reepiratory  movemeota, 

not  abaolntely  eaaential,  989. 

how  perfbrmied,  316. 

inapiration  and  expiration,  317. 

molione  of  larynx  and  ftuoen«  ib. 

chief  motor  agent  in,  ib. 

contraction  of  iunga  and  air-tobeat  31 8L 

dependent  on  the  medulla  oblongmta,  381. 

reepiratory  nervea,  390. 

influence  of  nervoa  vagmcNi,  391,  997. 

aympathetie,  393. 

in  vomiting,  and  in  diecharge  of  fiBom  and 
urine,  394. 

in  coughing,  ilk 

in  eneexing,  395. 

in  hiccough,  396. 

in  yawning,  ib. 

cause  of  regular  ancoeaakui  of  tho  innolM 
Urv,ib. 

canoe  0^667. 
Respiratory  nerTCS,  according  to  Bell,  999. 
Reapiraitory  organa,  diffisrent  Ibmw  o^  SBU 

in  infuaoria,  ^c.  991. 

in  the  annelida  and  mollnsca,  flee  999L 

in  fiahea  and  amphibia,  ib. 

in  birda,  293. 

in  man  and  mammalia,  294. 
Rest,  protracted,  ill  effects  of,  57. 
Rete  mirabilc, 

its  structure  described,  249. 

caroticum,  ib. 
Retina,  its  microscopic  structure,  75^ 

size  of  its  ultimate  sentient  portions,  ib. 

delicate  sensation  of,  547. 

and  sensorium,  their  rcspecfiye  action  in 
vision,  737. 

inversion  of  the  imageaon,  740. 
Retinucula  of  the  ovulum  according  to  Dr. 

Barry,  823. 
Reunion.    See  Regeneration. 
Rotation,  movementa  of,  from  certain  lesiona 
of  the  brain  and  spinal  marrow,  639. 

various  sensations  of,  how  produced,  ib. 
Ruminantia,  structure  of  stomach  of^  341. 

process  of  rumination  in,  355. 

vomiting  in,  ib. 
Rumination,  proceaa  of,  ib. 
Running,  wherein  it  differs  from  walking, 
686. 


Saliva,  accreted  bv  most  animals,  361. 
ita  quantity--«ieroical  compoaition,  i 
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Sdivi, 

macoas  ^lobales,  oelh  tod  terminal  fesicles, 
362. 

contAins  sulpho-cyanog^o,  963. 

animal  matters  in,  364. 

chang^es  effected  in  food  by  it,  376. 
Salivary  matter,  or  salifin,  in  eerum  of  the 

blood,  160. 
Salts,  absorbed  by  the  lymphatics,  278. 

taken   into   the  stomach,  reappear  in  the 
urine,  255. 

of  the  urine,  their  sonrce,  466. 

death  from  their  injection  into  the  veins, 
166. 
Sap,  its  ascent  in  vessels  of  plants,  279. 
Satiety,  335. 

Sebaceous  follicles.    See  Follicles. 
Secretion, 

not  explicable  by  the  laws  of  endosmosis, 
263. 

cause  of  products  of,  264. 

definition  of,  418. 

secreting^  apparatus,— cells,  420. 

general  conditions  for,  440. 

seat  of  the  secreting  process,  441. 

mode  of  exhalation,  ib. 

exhalation  not  mere  exudation,  442. 

electric  action  accompanies  it,  443. 

chemical  theory  of  Chevreul,  444. 

chemical  process  of,  ib. 

infloence  of  the  nerves  on,  447. 
Secretions, 

distinguished  from  excretions,  418. 

natural  and  morbid,  of  two  kinds,  419. 

microscopic  globules  in,  446. 

cause  of  their  peculiarity,  443. 

chemical  composition  of  the  individual,  446. 

influence  of  length  of  secreting  canals  on, 
ib. 

changes  of  which  susceptible,  450. 

antagonism  of,  451. 

vicarious,  452. 

discharge  of,  453.  * 

passage  of  ingesta  into  the,  255. 

poured  into  the  digestive  canal,  361. 
Secreting  membranes,  421. 

serous  membranes,  ib. 

mucous  membranes,  422. 

the  skin,  424. 

glands,  425. 
Semen  ot  animals  described,  824. 

its  emission,  a  reflex  action,  830. 

traverses  the  Fallopian  tube  to  the  ovary, 
831,833. 

how   it  effects   fecundation — Spallanzani's 
experiments  on,  832-3. 

its  nature  and  that  of  the  ovam  compared, 
837. 
See  Spermatozoa. 
Semicircular  canals  of  the  ear,  their  uses,  766. 
Sensation,  peculiar  to  animals,  45. 

medulla  oblongata,  seat  of,  621. 

definition  of,  588. 

nature  of,  712. 

seat  of,  714. 

lawt  of,  536. 


Sensation, 

in  paralysed  parts,  539. 

produced  by  division  of  a  nerve,  540. 

distinguished  from  attention,  622. 
Sensations, 

referred  to  amputated  limbs,  541. 

referred  to  deficient  parts  in  cases  of  mal- 
formation, 543. 

transposition  of,  ib. 

radiation  of,  544. 

coincidence  of  several,  545. 

distinctness  of  in  different  parts,  546. 

distinctness  of  greatest  in  the  retina,  547. 

excited  by  internal  causes  independent  of 
external  stimuli,  707. 

different,  produced  by  the  action  of  the  same 
stimulus  on  different  senses,  709. 

influence  of  the  mind  on,  716. 

influence  of  attention  on,  717. 

connected  with  muscular  motion,  783. 

left  afler  impression,  785. 

dependent  on  internal  causes,  ib. 

imaginary,  786. 
Senses, 

their  functions,  707. 

the  nerve  of  each  sense  has  special  proper- 
ties, 712. 

each  sense  confined  to  its  special  nerve,  713. 

action  of  external  and  internal  stimuli  on 
the,  707. 

sensations  in  different,  by  the  same  canse, 
709. 

each  sense  excited  by  several  causes,  inter- 
nal and  external,  711. 

ideas  derived  from  their  action,  714. 

number  of,  limited,  718. 

what  would  constitute  a  new  sense,  ib. 

action  of  galvanism  on  the  organs  of  the, 
505. 
Sensibility,  distinguished  from  irritability,  53. 

common;  see  Common  sensation. 
Serosity,  the  fluid  after  coagulation  of  seram, 

IGO. 
Serous  membranes, 

structure  of,  421. 

reproduction  of^  126. 

three  orders  of,  421. 
Serum, 

of  the  blood,  its  general  characters,  143. 

composition  of^  159. 

solid  residue  of,  160. 

not  to  be  confounded  with  liqaor  sanguinis, 
142,159. 

animal  matters  in,  160. 

of  the  chyle,  analysis  of  it,  410. 
Sex,  its  dualism  universal,  819. 

of  plants,  835. 

in  hermaphrodite  animals,  819, 821. 

peculiarities  of,  in  difierent  animals,  820. 

peculiarities  of  in  the  human  subject,  ib. 

its  influence  on  composition  of  blood,  161. 

its  influence  on  heart's  action,  184. 
Sexual  functions,  829. 

whereon  they  depend — results  of  castration, 
ib. 
Sexual  organs,  preient  two  distinct  typee,  821. 

74* 


862 


INDEX. 


Sexaal  anion, 

as  regards  tho  male,  829. 
aa  regards  the  female,  830. 
ttensationa  attending  it,  ib. 
Skin, 

structure  of  the,  424. 
reproduction  of  the,  126, 136. 
carbonic  acid  given  out  by  the,  315. 
difference  of  from  mucous  membranes,  422. 
the  epidermis  its  chief  secretion,  424. 
sebaceous  follicles  of,  425. 
sudoriferous  organs  of,  ib. 
watery  exhalation  of,  455. 
watery  exhalation  of,  causes  modifying,  459. 
absorption  by  the,  258. 
tyropathics  of,  578. 

sympathies  of  with  mucous  membranes,  ib. 
absorbs  water,  :;259. 
of  the  fcBtus  at  term,  868*. 
Sleep, 

why  necessary,  807. 

its  duration  and  periodical  recurrence,  ib. 
and  hybernation  compared,  708. 
of  plants,  ib. 

of  plants,  compared  with  that  of  animals,  ib. 
its  causes,  809. 
its  phenomena,  810. 
condition  of  eye  in,  535, 810. 
condition  of  the  mind  during,  810. 
cessation  of,  813. 
in  animals,  ib. 
«     want  of  it  varies  in  different  persons,  814. 

See  Dreams  and  Somnambulism. 
Smell, 

conditions  for  the  sense  of,  771. 
organ  of  in  mammalia,  772. 
the  act  of,  773. 
differences  in,  774. 

stimulants  to,  other  than  odorous  bodies,  775. 
and  taste,   their  connection    with   the  in- 
stincts, ib. 
Sneezing,  respiratory  movements  in,  325. 

a  reflected  movement,  ib. 
SomnambuliHm, 

various  deg^rccs  of,  813. 
not  due  to  instinct,  677. 
See  Dreams. 
Sounds, 

articulate,  700. 
classification  of,  701. 
whippr red,  702. 
vocal is^ed,  703.    See  Speech. 
Speaking-trumpet, 

action  of,  750. 
Species,  definition  of  term,  856. 
and  genus,  ib. 
causes  of  varieties  of,  857. 
See  Race. 
Spectacles,  use  of  in  remedying  myopia  and 

presbyopia,  734. 
Speech, 
articulate,  classification  ofthc  sounds  of,  701. 
whispered  sounds,  702. 
mute  vowels,  ib. 
mute  continuous  consonants,  ib. 
mute  explosive  consonants,  ib. 


Speech, 

vocalised  sounds,  703. 

vowels,  ib. 

mute  consonapts,  ib. 

vocalised  consonants,  ib.. 

speaking  machines,  ib. 

ventriloquism,  704. 

defective,  ib. 

stammering,  ib. 

connection  of  with  hearing,  706. 
Spermatozoa, 

their  forms  in  different  aninaalst  825. 

their  movements,  ib. 

their  mode  of  development,  ib. 

absent  in  some  animals,  826. 

their  connection  with  the  lecandating  power 
of  the  semen,  ib. 

of  plants,  ib. 

part  performed  by  in  impregnation,  834. 
Sphincter  ani,  action  of,  360. 
Spinal  cord, 

structure  and  arrangement  of  white  matter 
in,  604. 

arrangement  of  its  primitive  fibres,  606. 

mode  of  termination  of  its  primitive  fibres, 
493. 

stracture  of  grey  substance  of,  494. 

proportional  weight  of^  603. 

proportional  length  of,  varies  very  mneh,  606. 

relation  of,  to  motion  and  sensation,  515, 606. 

functions  of  the  anterior  and  poeterior  eo- 
lumns  of,  607. 

resemblance  of,  to  the  nerves,  608. 

a  reflector  of  centripetal  impressions  upoD 
motor  nerves,  609. 

a  source  of  motor  power,  610. 

a  conductor  of  volition  and  sensitive  impres- 
sions, ib. 

is  tho  source  of  the  force  of  our  movements, 
611. 

is  the  source  of  the  sexual  power,  ib. 

influences  organic  processes,  ib. 

influences  the  heart's  action,  202. 

is  the  subject  of  a  morbid  impression  in  all 
fevers,  61 1. 
Spinal  nerves,  515.    See  Nerves. 
Spleen, 

present  in  almost  all  vertebrata,  413. 

situation  of  in  mammalia,  ib. 

structure  of, — its  corpuscules,  414. 

red  colour  of  lymph  of,  408. 

peculiarities  ot  its  blood,  415. 

function  of  the,  theories  resiwcting,  ib. 

reproduced  after  extirpation,  416. 
Supra-renal  capsules,  animals  in  which  they 
exist,  ib. 

stracture  of,  ib. 

function  of,  unknown,  ib. 
Stammering-,  wherein  it  consists,  704-5. 

cure  of,  705. 
Stapedius  muscle,  its  action,  758. 
Starch,  digestion  of,  395. 
Stethoscope,  action  of,  764. 
Sligma, 

in  the  flower  of  plants,  835. 

formation  of,  in  the  ovary  of  animiils,  832. 
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SUmalante, 

aa  medicinal  agenta,61. 

difference  of  vital  froni  other  stinaQli,  573. 

See  Vital  stimuli, 
homogeneous  and  heterogeneous,  63. 
their  manner  of  action,  ib. 
Stimulus, 

definition  of^  58. 
Stomach, 

its  peculiar  structure  in  different  animals, 

340. 
mucous  membrane  of  the,  344. 
mucous  membrane  of,  follicles  of,  345. 
mucous  membrane  of,  influence  of  digestion 

on,  ib. 
during  digestion,  movements  of,  352. 
temperature  of,  381. 
changes  of  food  in  it,  377. 
gas  contained  in  it,  381. 
See  Digestion, 
action  of,  in  vomiting,  356. 
Style,  in  the  flower  of  plants,  835. 
Succus  entericus,  vel  inlestinalis,  375. 
Sucking,  movements  of,  349. 

theory  of  Cuvier,  as  to  its  cause,  ib. 
is  it  a  reflected  movement?  350. 
Sugar,  effects  of  exclusive  diet  of,  331 . 
Sulpho-cyanogen,  in  the  saliva,  363. 
Summer  sleep  in  tanrec, — causes  of,  80. 
Sweat, 

canals  secreting  it,  425, 456. 
analysis  of,  458. 

circumstances  modifying  its  secretion,  459. 
Swimming,  mechanism  of,  684. 
Sympathetic  nerve, 
motor  and  sensitive  fibres  in  the,  526. 
relation  with  the  cerebral  nerves,  496,526. 
organic  fibres  in,  530. 

sources  of  its  motor  and  sensitive  fibres,  562. 
wherein  its  peculiarities  consist,  527. 
involuntary  motor  power  of,  525. 
sensitive  functions  of,  525,  569. 
distribution  of  white  and  grey  systems  of 

fibres  in,  494. 
ganglia  of  the,  495. 

questions  involving  its  mode  of  action,  564. 
reflex  actions  of,  567. 
organic  functions  of,  571. 
organic  functions  of,  influence  of  the  ganglia 

on,  572. 
peristaltic  type  of  motion  in  parts  supplied 

by  it,  569. 
sensations  produced  by  it,  vague  and  indis. 

tinct,525,569. 
compensating  relation  of  it  to  nervusvsgus, 

596. 
slow  motion  of  nervous  principle  in  it,  566. 
influence  of  narcotics  on  its  action,  567. 
influence  of,  on  heart's  action,  205. 
on  the  intestinal  canal,  565. 
reaction  of  its  minute  radicles  on  central 

organs,  a  main  cause  of  fever,  205. 
automatic  movements  dependent  on,  664. 
Sympathies, 
of  different  parts  of  one  tissue  with  another, 
573. 


Sympathies, 
of  the  cellular  tisane,  573. 
of  the    skin,  mucous  membranes,  serous 

membranes,  and   fibrous  membranes, 

574. 
of  bone  and  cartilage,  muscle  and  lymphatic 

system,  575. 
of  blood-vessels,  576. 
of  glandular  tissues,  577. 
of  different  tissues  with  each  other,  578. 
of  individual  tissues  with  entire  organs,  580. 
of  entire  organs  with  each  other,  581. 
of  the  nerves  with  the  central  parts  of  the 

nervous  system,  582. 
of  corresponding  nerves  with  the  two  sides, 

583. 
of  motor  nerves  with  each  other,  ib. 
of  sensitive  nerves,  ib. 

of  sensitive  nerves,  not  owing  to  their  re- 
ceiving branches  from  the  sympathetic, 

585. 
therapeutic  application  of  the  doctrine  of, 

ib. 
Synovial  membranes,  421. 
Systemic  circulation.    See  Circulation. 
Systole  of  the  heart,  165. 

Tabes  dorsalis,  why  more  frequent  in  men 

than  in  women,  8.30. 
Talipes,  how  produced,  826. 
Tapetum  of  the  eye,  its  structure  and  uses,  95, 

721,726. 
Taste, 

conditions  necessary  for,  775. 

its  seat  and  organ,  776. 

is  it  dependent  on  the  fiflh  or  glosso-pharyn- 
geal  nerve?  ib. 

lingual  branch  of  the  fiAh,  chief  nenre  of, 
777. 

varieties  of,  ib. 

mixed  sensation  of,  with  smell,  778. 

consonance  or  harmony  of  flavours,  ib. 

less  distinct  by  frequent  repetition,  ib. 

sensations  of,  from  mechanical  and  galyanic 
stimuli,  779. 

subjective  sensations  of,  ib. 

number  of,  in  the  adult,  679. 
Teeth, 

development  of,  109. 

structure  of  the  enamel  of,  ib. 

reproduction  of  the,  120. 

appearance  of  the  second  set,  ib. 
Temperaments, 

defined,  803. 

errors  respecting  their  cause,  804. 

opinions  of  the  author  on,  805. 

phlegmatic,  ib. 

choleric  ond  sanguine,  806. 

melancholic,  ib. 

influence  of,  on  composition  of  the  blood, 
161. 
on  heart's  action,  184. 
Temperature, 

on  the  human  body,  74. 

differs  in  different  parts  of  the  body,  ib. 

of  birds  and  mammalia,  75. 
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Temperatare, 
effects  of  cold  on  wmrm«blooded  animale, 

76. 
influence  ofa^e  on,  ib. 
of  cold-blooded  animals,  82. 
of  invertebrate  animals,  83. 
developed  in  plauts,  81. 
Tendinous  tissue, 

analog^ous  to  the  cellular.  111. 
formation  of,  ib. 
Tensor  tyrapani, 

its  influence  on  hearing,  758. 
is  it  subject  to  voluntary  influence?  ib. 
sounds  produced  in  the  ear  by  its  action, 
ib. 
Third  nerve,  distribution  of,  592. 
its  influence  on  the  iris,  ib. 
is  the  source  of  motor  power  of  the  ciliary 
ffunglia  and  nerves,  593. 
Thoracic  duct,  its  structure,  373. 
influence  of   ligatures  of,  on   absorption, 
248. 
^  Thymus  gland,  size  of,  at  different  ages,  417. 
structure  of,  ib. 
function  of,  ib. 
Thyroid  body,  structure  of,  ib. 
Tissues, 

component  proximate  principles  of  the,  97. 
animal,  formation  and  development  of  the, 

from  cells,  106. 
newly  formed  of  plants,  105. 
vegetable,  origin  of  in  gum  and  fecula,  ib. 
all  originally  developed  from  cells,  106. 
animal,  their  division  into  five  classes,  108. 
development  of  the,  in  animals  and  vegeta- 
bles, 49. 
difference  between  vascular  and  non-vas- 
cular, 113. 
chemical  composition  of  the  organised,  115. 
albuminous;  brain,  spinal  cord,  and  nerves, 

ib. 
yielding  gelatin;  cellular  tissue  and  serous 

membranes,  ib. 
albuminous;   muscles,  glands,  and  mucous 

membranes,  ib. 
yielding  gelatin;  tendinous  tissue,  and  skin, 
ib. 
cartilages,  bone,  and  clastic  tissue,   116, 
117. 
regeneration  of  the,  117. 
proximate  elements  of,  exist  in  the  blood, 
472. 
Tissue  of  plants   developed   from   cells,   nc- 

cording  to  Schlciden,  106. 
Tongue,  action  of  galvanism  on,  673. 
Torpedo, 

electric  organs  of,  68. 

effects    of   injury    on,   69.     See    Electric 
Fishes. 
Touch, 
organs  of,  779. 
parts  of  the  nervous  system  engaged  in  it, 

780. 
internal  parts  endowed  with  it,  781. 
its  various  modi6cations,  782. 
co-operation  of  the  mind  with  it,  783.  i 


Touch, 
sensationa  of,  combined  with  movemeatat 

784. 

the  act  of,  785. 

subjective  sensations  of^  lb. 

sympathies  of,  786. 
Trachea, 

muscular  contraction  of  the,  319. 

influence  of,  on  the  voice*  695. 
Trachee  of  insects,  291. 
Tunica  dartos,  650. 

distinguished  from  muscular  tissae,  651. 

nature  of  its  contractile  property,  ib. 

Umbilical  vesicle  of  mammalia,    843,  865*, 
867*. 

blood-vessels  of,  843. 
Umbilical  cord,  866*. 
Urachus,  ib. 
Urea,  presence  of  in  the  blood,  173,  463. 

formed  artificially,  15,  461. 

in  urine,  influence  of  food  on  it,  173. 

how  procured,  461. 

composition  of,  ib. 

in  urine  afler  long  fasting,  463. 

in  albuminous  urine,  463. 

in  diabetic  urine,  ib. 
Uric  acid;  see  Lithic  Acid. 
Urina  chyli  and  urina  potos,  466. 
Urinary  apparatus,  ciliary  motion  in,  645. 
Urinary  bladder, 

its  relation  to  the  brain  and  spinal  cord,  793. 
Urine, 

specific  gravity  of,  460. 

essential  constituents  of,  ib. 

urea  of,  461. 

in  diabetes,  462. 

uric  or  lithic  acid  of,  463. 

hippuric  acid  of,  465. 

lactic  acid  of,  466. 

salts  of  the,  ib. 

difference  of,  under  different  circumstances, 
ib. 

accidental  constituents  of,  467. 

presence  of  pus  in,  468. 

source  of  acidity  of,  265,  468. 

discharge  of,  469. 

reappearance  in  it  of  different  ingests,  468. 

secretion  of,  its  uses,  460. 

secretion  of,  seat  of,  433. 

influence  of  nerves  in  secretion  of,  448. 

secretion  of,  independent  of  food,  42. 

albuminous  state  of,  463. 
Uterus, 

its  early  relations  to  the  ovum,  843. 

human,  formation  of  decidua  in,  ib. 

position  of  child  in,  at  the  bcginningr  of  la- 
bour, 850. 

its  contractions  during   labour    described. 
849. 

Vagina  funiculi  umbilicalis,  843. 

Valves  of  the  heart,  prevent  regurgitation  of 

blood,  186. 
Variety, 
definition  of  term,  856.    See  Race. 
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Vascalar  system,  forms  of  the,  176. 
Vegetable  sabstaoces,  as  articles  of  food,  329. 
Veins, 

motions  of  blood  in  them,  193. 
their  valves,  193,  238. 
/        the  greot,  contraction  of,  in  different  animals, 
182,238. 
the  great,  influence  of  suction  power  of  the 

heart  on,  239. 
circulation  in  them,  influence  of  respira- 
tion on,  240. 
effects  of  impediments  on   circulation  of, 

241. 
the  great,  influence  of  contraction  of  the 

auricle  on  them,  239. 
death  from  injection  of  air  into,  165.  , 

Ventricles  of  the  heart,  contraction  of  both  si- 
multaneous, 184. 
Ventriloquism,  704,  769. 
Vernix  cascosa,  868*. 
Vertigo,  cause  of  sensation  of,  639. 
Vessels,  first  formation  of,  170. 
Vesicula  germinitiva,  822;    $ee  Germinal  ve- 
sicle. 
VesiculiB  scminalcs  are  receptacles  of  semen, 

830. 
Vestibule  of  the  ear,  its  uses,  766. 
Villi,  intestirfal,  no  opening,  at  the  extremity 
of,  272. 
appearance  resembling  openings,  ib. 
structure  of,  271. 
cavity  of,  ib. 

not  to  be  confounded  with  a  peculiar  form 
of  epithelium,  272. 
Vision, 
possible  forms  of  organs  of,  719. 
conditions  necessary  for,  722. 
nerves  endowed  with  a  specific  sensibility, 

necessary  for  in  all  animals,  723. 
absurdity  of  belief  in  transfer  of,  to  another 

sense,  ib. 
process  of,  in  eyes  with  concentrating  diop- 
tric media,  724. 
eyes  with  refracting  media,  conditions  lor, 

ib. 
indistinctness  of  fi*om  spherical  aberration, 

how  prevented,  725. 
different  distances  of,  726. 
at  different  distances,  adaptation  of  the  eye 

to.  727. 
at  different  distances,  hypothesis  concerning, 

729. 
myopic  and  presbyopic,  734. 
how  remedied,  ib. 
effect  of  convex  lenses  upon  the  distance  of 

distinct  vision,  735. 
action  of  the  retina  and  sensorium  in,  738. 
ideal  size  o^the  field  of,  739. 
images  of  the  individual's  own  body  in  field 

of,  ib. 
inverted  images  and  erect  vision  aooeonted 

for,  740. 
subjective  phenomena  of,  ib. 
subjective  phenomena  of,  objects  existing  in 
the  interior  of  the  eye,  741. 


Vision, 

defect  of,  in  distinguishing  colonrt,  743. 
Vital  action,  attended  by  decomposition  of  or- 
ganic matter,  43. 
as  a  source  of  animal  heat,  89. 
increased,  differs  from  inflammation,  236. 
dependence  of^  on  electricity,  72. 
cause  of  periodicity  of,  60. 
balance  of,  in  the  animal  b9dy,  66. 
Vital  force.    See  Organic  force. 
Vital  principle,  its  nature,  788. 
has  no  special  seat,  ib. 
differs  from  the  mental  principle,  31,  619, 

789. 
its  divisibility,  790. 
Vital  stimuli, 
definition  of,  36. 
their  action,  ib. 

common  to  plants  and  animals,  36. 
erroneously  confounded  with  other  stimuli, 

38, 
difference  of  excitability  to  them,  39. 
Vitelline  membrane,  described,  822. 
Vocal  cords, 
their  presence  necessary  for  the  formation 

of  voice,  689. 
structure  of,  690. 
action  of,  691. 
tension  of,  692. 
action  of  the  thyro-arytenoid  muscles  on, 

692-3. 
sexual  differences  in,  693. 
Voice  of  man, 
organ  of,  689. 
generated  at  the  glottis,  ib. 
modulation  of,  691. 

experiments  on  the  human  larynx,  692. 
male  and  female,  difference  of,  693. 
experiments  of  Willis  and  Bishop  on,  ib. 
influence  of  the  trachea,  694. 
of  the  epiglottis,  695. 
of  the  palate  and  uvnla,  ib. 
of  the  ventricles  of  the  larynx,  696. 
theories  of,  ib. 

of  Savart  and  Ferrein,  ib. 
in  singing,  compass,  varieties,  Slc,  of,  697. 
musical   sounds    formed    in    the    month, 

700. 
artificial    construction  of  a  vocal    organ, 
699. 
Voluntary  movements, 
on  what  nerves  they  depend,  673. 
influence  of  the  will  on,  674. 
compound,  ib. 
simultaneous  series  of,  ib. 
associated  by  habit,  ib. 
associated  with  ideas,  675. 
instinctive,  476. 

co-ordinate,  677.     See  Locomotion. 
Vomiting,  definition  of,  355. 
movements  in,  356. 
respiratory  movements  in,  324. 
produced  by  emetics,  357. 
action  of  stomach  in,  356. 
produced  by  division  of  the  nenms  Tigiii, 
ib. 
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Vbwelf;  «ee  Speech. 

Walkinjf,  mechanism  of,  685. 

wherein  it  differs  from  runnin; ,  686. 
Water, 

presence  of,  in  orj^anised  tissues,  19. 

quantity  of  in  arterial  and  venoas  blood, 
303. 

its  action  on  red  particles  of  the  blood,  148. 

quantity  of  gas  it  contains,  298. 

changes  produced  in  it  by  respiration,  ib. 

absorbed  by  the  skin,  259. 
Woman,  her  sexual  character,  820. 


Vawning,  respiratory  morements  in,  385. 
Yolk  of  the  ovum,  described,  823. 
its  cells  and  their  changes,  according  to 

Schwann,  839. 
its  changes  in  oYum  of  frog,  according  to 

Reichter,  840. 
its  changes  in  oYom  of  mammalia/deacribed 
by  Dr.  Barry,  841. 
Tolk-sac,  membrane  of,  839. 

described,  842. 
Youth,  characteristics  of,  854. 

Zona  pellucida  of  the  oTulam,  difivrent  opi» 
nions  concerning  it,  823. 
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The  lUtuiraiioru  One  Hundred  and  Seventy  in  namber,  are  beaatifQlly  executed  by  QiU 
hert^from  designt  exprenly  prepared  for  it  by  Bagg,  It  is  reprinted  from  the  second 
London  edition,  which  has  andergone  a  complete  revision  by  the  author. 

Extract  from  the  Preface, 

"  I  have  endeavoured  to  make  the  present  edition  more  perfect  than  the  preceding, 
by  entering  more  fully  into  the  description  of  such  parts  as  were  only  scantily  treatM 
of  in  the  first.  The  principal  additions  will  be  found  on  the  ligaments,  muscles,  ner- 
▼ous  system,  organs  of  sense,  and  viscera.  I  have  appended  to  each  muscle  a  sepa* 
rate  paragraph,  indicating  its  relations  to  surrounding  parts;  and  have  augmented  the 
number  of  woodcut  illustrations. 

In  order  to  make  this  edition  more  Taluable,  notes  and  additions  are  added  by 

PAUL  BECK  GODDARD,  M.D. 

'  DEMONSTRATOR  OF  ANATOMT  IN  THE  UNIVERSITT  OF  PENNSYLVANIA,  d^C.  &C.    ' 

adapting  it  to  American  practice  and  tuci  thus  presenting  a  complete  system  of  Anatomy 
in  one  volume  octavo^  beautifully  executed  with  cuts,  and  at  a  price  that  should  bring 
it  into  general  use." 

Extract  from  the  Medical  Gazette^  June  10,  1840. 
"  As  a  satisfactory  proof  that  the  praise  we  bestowed  on  the  first  edition  of  this 
work  was  not  unmerited,  we  may  observe  that  it  has  been  equally  well  thought  of  in 
foreign  countries,  having  been  reprinted  in  the  United  States  and  in  Germany.  We 
have  carefully  looked  over  this  second  edition,  and  find  it  more  perfect  than  its  prede- 
cessor, in  several  respects.  A  fuller  description  is  given  of  some  parts  which  were 
only  scantily  treated  of  in  the  first  edition.  The  very  beautiful  and  real!  jr  speaking 
woodcut  illustrations  are  also  augmented  in  number.  In  every  respect,  this  work,  as 
an  anatomical  guide  for  the  student  who  seeks  to  obtain  knowledge  which  he  has  not 
yet  acquired,  and  for  the  practitioner  who  wishes  to  keep  up  that  which  he  finds  fad- 
ing from  his  mind,  merits  our  warmest  and  most  decided  praise." 

ALSO,  A  FOURTH  EDITION,  IIPR0TE9,  WITH  ADDITIOHS  UP  TO  1842, 

OF 

DUNGLISON'S  HUMAN  PHYSIOLOGY. 

JUuBtrated  with  Numerous  Engravings,    Jn  two  volumes,  Qvo, 

*'  We  are  happy  to  believe  that  the  rapid  sale  of  the  last  edition  of  this  valuable 
work  may  be  regarded  as  an  indication  of  the  extended  taste  for  sound  physiological 
knowledge  in  the  American  schools;  and  what  we  then  said  of  its  merits,  will  snow 
that  we  regarded  it  as  deserving  the  reception  it  has  experienced.  Dr.  Dungli- 
son  has,  we  are  glad  to  perceive,  anticipated  the  recommendation  which  we  g[ave  in 
regard  to  the  addition  of  references,  and  has  thereby  not  only  added  very  considerably 
to  the  value  of  his  work,  but  has  shown  an  extent  of  reading  which,  we  confess,  we 
were  not  prepared  hj  his  former  edition  to  expect.  He  has  also  availed  himself  of 
the  additional  materials  supplied  by  the  works  that  have  been  published  in  the  intervals 
especially  those  of  Muller  and  Burdach.  So  that  as  a  collection  of  details  on  human 
physiology  alone,  we  do  not  think  that  it  is  surpassed  by  any  work  in  our  langua^; 
and  we  can  recommend  it  to  students  in  this  country  (England)  ascontaing  much  with 
which  they  will  not  be  likely  to  meet  with  elsewhere."— J^W/mA  and  Foreign  Medical 
Eevtew* 

«*This  work  exhibits  another  admirable  specimen  of  American  industry  and  talent, 
and  contains  an  account  of  every  discovery  in  Europe  up  to  the  period  of  a  few  months 
prior  to  iu  publication.  Many  of  Uie  aathor's  views  are  original  and  important**— 
Jhtbkn  Journal  of  MedUal  SdinUm 
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A  NEW  AND  CHEAP  EDITION. 

The  Library  of  Practical  Medicine,  conducted  by  Alexander  Tweedie*  M.D.,  F.R.S., 
Physician  to  the  London  Fever  Hospital,  and  to  the  Foandling  Hospital,  Editor  of  the 
Cyclopedia  of  Practical  Medicine,  &c. 

With  the  assistance  of  numerous  Contributors.  The  whole  revised,  with  notes  and 
additions,  by  W.  W.  Gerhard,  M.  D.,  Lecturer  on  Clinical  Medicine  to  the  Univer- 
sity of  Peunsylvania,  Physician  to  the  Philadelphia  Hospital,  Blockley,  etc. 

The  whole  five  volumes  of  the  former  edition,  now  complete  in  three  large  volumes. 

The  design  of  this  work  is  to  supply  the  want,  generally  admitted  to  exist  in  the 
medical  literature  of  Great  Britain,  of  a  comprehensive  System  of  Medicine,  embody- 
ing a  condensed,  yet  ample  view  of  the  present  state  of  the  science.  The  desidera* 
torn  is  more  especially  felt  by  the  Medical  Student,  and  by  many  members  of  the  pro- 
fession, who,  from  their  avocations  and  other  circumstances,  have  not  the  opportunity 
of  keeping  pace  with  the  more  recent  improvements  in  the  most*  interesting  and  use- 
ful branch  of  human  knowledge.  To  supply  this  deficiency,  is  the  object  of  the 
Library  of  Medicine,  and  the  Editor  expresses  the  hope,  that  with  the  assistance  with 
which  he  has  been  favoured  by  Contributors,  (many  of  great  eminence,  and  all  fa- 
Tourably  known  to  the  public,)  he  has  been  able  to  produce  a  work,  which  will  form 
a  Library  of  General  Reference  on  Theoretical  and  Practical  Medicine,  as  well  as  a 
Series  of  Text  Books  for  the  Medical  Student. 

The  American  and  English  Journals  all  unite  in  recommending  this  work. 

The  matter  embraced  in  the  three  volumes  now  presented,  was  published  in  London 
in  five  separate  volumes,  and  at  intervals  republished  in  this  country.  The  rapid  sale 
of  these  volumes,  embracing  as  they  do,  a  nistory  of  Practical  Medicine,  is  the  best 
evidence  of  the  favour  with  which  it  has  been  received  by  the  physicians  of  the  Uni- 
ted States.  Embodying  as  it  does,  the  most  recent  information  on  nearly  every  dis- 
ease, and  written  by  men  who  have  specially  devoted  themselves  to  the  study  of  the 
disorders  which  form  the  subject  of  their  articles,  the  work  is  the  most  valaable  for 
xeference  within  the  reach  of  the  practitioner. 
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IN  TWO  VOLUMES  OCTAVO. 


"  In  the  volumes  before  us,  Dr.  Dunglison  has  proved  that  his  acquaintance  with 
the  present  facts  and  doctrines,  wheresoever  originating,  is  most  extensive  and  inti- 
mate, and  the  judgment,  skill,  and  impartiality  with  which  the  materials  of  the  work 
have  been  collected,  weighed,  arranged,  and  exposed,  are  strikingly  manifested  in 
every  chapter.  Great  care  is  everywhere  taken  to  indicate  the  source  of  information, 
and  under  the  head  of  treatment,  formulae  of  the  most  appropriate  remedies  are  inva- 
riably introduced.  In  conclusion  we  congratulate  the  students  and  junior  practitioners 
of  America,  on  possessing  in  the  present  volumes  a  work  of  standard  merit,  to  which 
they  may  confidently  refer  in  their  doubts  and  difllcullies."— jBrt/wA  and  Foreign  Afe- 
dical  Pevicw,  for  July,  1842. 


WORKS  ON 

MEDICINE,    SURGERY, 

ANATOMY,  MIDWIFERY, 

AND  THE  COLLATEBAL  SCIENCES, 

rUBLISRBD  BY 

LEA  &  BLANCHARD, 
PHILADELPHIA, 

AND  FOR  SALE  BY  ALL  BOOKSELLERS. 


^^^«^/S^^A^^^ 


MIDWIFERY  ILLUSTRATED. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDICINE  AND 
SURGERY.  IN  REFERENCE  TO  THE  PROCESS  OP  PARTURITION; 
ILLUSTRATED  BY  ONE  HUNDRED  AND  FORTY-TWO  FIGURES.  BY 
FRANCIS  H.  RAMSBOTHAM,  M.Dm  Pbytictan  to  the  Royal  Maternity  Charity, 
and  Lecturer  on  Midwifery  at  the  London  Hoapital,  dtc  Fiiat  American  edition, 
in  one  large  ootATO  volume. 


**  AiBoaff  ttm  mmnj  IHwary  mdeitakiogfl  with  wMch  the  Medical  pTMi  at  prtatat  tetna,  than  ait  ftw 
Uiat  daaafra  a  wamar  wfomwaailatioa  at  oar  iMmdi  thaa  tha  work— we  mifht  ahnoit  aay  the  aMftrleal 
Nftrery.  eonpriiod  f n  a  lingle  Tolume— which  ia  now  before  ue.  Few  works  rarpaaa  Dr.  Ranabothan^  hi 
beaoty  and  elegance  ofiettlng  up,  and  in  the  abundant  and  eicellent  EngraTingt  with  which  It  ia  illua* 
tratad.  We  heartily  with  the  Vohinia  the  succesa  which  it  merita,  and  we  have  no  doubt  that  before 
long  it  will  occupy  a  plane  in  every  Medical  Library  in  the  kinidom.  The  niuatraUona  are  adaiiiraUe : 
they  are  the  Joint  prodiKtion  of  itogf  and  Adiard ;  and  coaaprwe.  within  the  aerieo,  the  beat  Obeletrieal 
Platee  of  our  beat  obetetricai  aothora,  ancient  and  modem.  Many  of  the  Engravlaga  are  calculated  to 
fli  the  eye  aa  aineh  by  their  ezeelleaee  of  execntion  and  their  beauty  as  works  of  art,  aa  by  their  fidelity 
to  nature  and  anatoaaical  aeearacy."— 7W«  ImwuL 

**  It  ia  a  good  and  thoroughly  Praetieal  IVeatise ;  tha  diflbrent  aub|eets  are  laid  down  In  a  dear  and 
perspicuoua  form,  and  whatever  ia  of  ioiporunce  la  Illustrated  by  ilrst-rata  Engravinga.  As  a  work 
conveying  food,  sound,  practical  precepts,  and  clearly  deaM>nstratJngthe  dtoctrineeof  ObMetrJeal  SeieBee, 
we  can  eoafideaUy  raeonunend  it  eltliar  to  the  Student  or  Practitioner.  -'  EUnHrgk  Journal  ^  jftrfirs/ 
acifaes* 

DUNGUSON'S  PRACTICE  OF  MEDICINE. 

THE  PRACTICE  OF  MEDICINE;  OR  A  TREATISE  ON  SPECIAL 
PATHOLOGY  AND  THERAPEUTICS;  BY  ROBLEY  DUNGLISON,  M.D., 
Profesaor  of  the  Inatitotee  of  Medicine,  dtc.,  in  the  Jefierton  Medical  College,  Phila- 
delphia; Lecturer  on  Clinical  Medicine,  and  attending  Physician  at  the  Philadelphia 
Hoepital,  iic ;  containing,  the  Diaeaaee  of  the  Alimentary  Canal — the  Diaeaaes  or  the 
Circulatory  Apparatua— Diaeaaea  of  the  Glandular  Organs — Diaeaaes  of  the  Organa 
of  the  Senaea    Diaeaaea  of  the  Reapiratory  Organa — Diaeaaes  of  the  Glandiform  Gan- 

g lions— Diaeaaes  of  the  Neryooa  Syatem — Diaeaaes  of  the  Organa  of  Reproduction— 
liaeaaea  involring  ▼ariona  Organs,  &c.,  &«.    In  two  volumes,  octava 

The  object  of  tUs  work  ia  tn  place  before  tha  Praetitioaer  and  Student  a  Treatise  on  the  various  DIa. 
eaaea  of  the  Human  Organiam,  which  shall  eompriae  the  Symptoms,  Canaes,  Prognostics  and  Treatment, 
in  such  form  as  to  be  easy  of  reforence,  and  a  trustworthy  guide  in  practice.  It  contains  not  on^  the 
Views  of  the  Author,  on  aU  thoee  points,  derived  from  extensive  opportunitlee  for  oheervation,  but  those 
of  the  distinguished  observers  of  the  day  in  every  part  of  the  world ;  and  treats  of  a  greater  number  of 
Diseases  than  perhapa  any  other  **  Practice  of  Medicine." 


^l^^^^tM^MA^^^ 


ANATOMY -SPECIAL  AND  GENERAL. 

A  TREATISE  ON  SPECIAL  AND  GENERAL  ANATOMY,  BY  W.  E.  HOR- 
NER, M.  D.,  Profaeaor  of  Anatomy  in  the  Univeraity  of  Pennaylvaoia,  d^.  iui.  Fifth 
edition,  reriaed  and  much  improved.  In  two  volnmei  octava  This  work  ia  eztoo- 
•ively  uaed  as  a  text-book  throughout  the  Union.  I 


LEA   &   BLANCHARD'S   PUBLICATIONS. 


A  MEDICAL  LIBRARY  / 

FOR   THE   PRACTITIONER  AND   STUDENT.  | 

A  SYSTEM  OF  PRACTICAL  MEDICINE,  Comprised  in  a  Serieii  of  Original 
Dlssertationn,  arrancrcd  and  edited  by  ALEXANDER  TWEEDIE,  M.D.,  F.R.S.. 
&c,  &c.'  The  whole  revised,  with  Notos  and  Additions,  by  W.  W.  GERHARD. 
M.D.,  Lecturer  on  Clinical  Medicine  to  the  University  of  Pennsylvania.  The  aecood 
American  Edition,  now  complete  in  Three  large  Volumes. 

Tbednifn  of  tbln  work  l«  to  lupply  Um>  waau  gwierally  admittMl  to  exist  in  th«  Medical  Uleratnre 
of  Great  Britain,  of  a  comprehenaive  System  of  Medicine,  embodying  a  condenaed.  yet  ample  vieir  oTthe 
Piesent  Bute  of  the  Science.  The  dealderaium  ia  mora  aapecially  felt  by  the  MedieaJ  Student,  ami  by 
many  Membera  of  the  Profeasion,  who.  firom  their  avoeatioda  and  other  circamatanoea,  have  not  the 
opportunity  of  keeping  pace  with  the  naore  recant  improvomenta  in  the  moat  Intercatinv  aad  uaefiil 
branch  of  human  knowledge.  Ta  anpply  thiari^fldency  la  the  nl^ect  of  the  LIBRAKY  OF  MEDICIIfE; 
and  the  Editor  exproaaea  the  hope,  that  with  the  amiatance  with  which  he  baa  been  fkvoiireil  by  enatri- 
butora,  (many  of  great  eminence,  and  all  fivourably  known  to  the  Public),  be  haa  been  able  to  produee  a 
work,  which  will  form  a  Library  of  General  Refereooe  on  Theoretkal  and  Practical  Madtciae,  aa  well  aa 
a  Beriee  of  Taxt-Booka  for  the  Medical  Student. 

Advertiument  of  the  American  Puhluken  to  their  New  Edilien  m  Tkrte  VUiumft. 

Tbe  matter  embraced  in  the  Three  Volumea  now  preaented,  waa  puMiahad  in  London  ia  Five  aeparata 
Tolnmea,  and  at  iatervala  repuhliahed  in  thia  country.  The  rapid  aala  of  theae  volumea,  embracing  ai 
they  do,  a  Hiitory  of  Practical  Medicine,  ia  the  beat  cTidence  of  the  favour  with  which  it  baa  been  re- 
ceived by  tbe  Phyaiciana  of  the  United  Sutea.  Embodyint  aa  it  doea  tbe  moat  recent  Hilbnnation  oe 
nearly  every  Diaeaae,  and  written  by  men  who  have  apedally  devoted  tbemaelvea  to  the  atudy  of  the 
Diaordera  which  form  the  aubjeet  of  their  Articlea,  the  work  ia  the  moat  valuable  for  Releranee  within 
the  reach  of  a  Practitioner.  The  arrangement  of  the  Liaa^aT  Into  Claaaea  of  Diaeaaea,  grouped  aeeord- 
lag  to  the  eavitiea  of  the  body,  ia  much  more  agreeable  to  the  reader  than  the  alphabetical  order,  aad 
nearly  aa  eonTenient  for  reforeaee. 


^/%f%^^^«M^^^W« 


DISEASES  OF  CHILDREN. 

A  TREATISE  ON  THE  PHYSICAL  AND  MEDICAL  TREATMENT  OP 
CHILDREN,  BY  WILLUM  P.  DEWEES»  M.D.,  Ute  ProfeHor  of  Midwifefy  in 
tbe  UDiversity  of  Penoiylvania,  &&  &c  The  Eighth  Editioo,  brought  up  to  1813, 
in  1  vol.  6vo/ 

nya  edition  embodiea  the  notea  aad  additione  prepared  by  Dr.  Deweea  before  hie  death,  aad  win  be 
found  moch  improved. 

The  oljecta  of  thia  woric  are,  lat,  to  teach  thoae  who  have  the  cbane  of  ^ildrea,  either  aa  paieai  or 
guardian,  the  moat  approved  methoda  of  aecaring  aad  improving  tlieir  pfiyaieal  powera.  Thia  ia  attempted 
by  pointing  out  the  duf  iea  which  the  parent  or  the  guardian  owea  for  thia  porpoae,  to  thia  intereeting  but 
belplem  daaa  of  beinga.  and  the  manner  by  which  their  dutiea  aliall  be  folfllM.  And  9d,  to  render  evail- 
aUe  a  long  experience  to  thoae  ofejaeu  of  our  aflieetion  when  they  beowne  diaeaied.  In  attempiing  thia, 
tbe  author  haa  avoided  aa  much  aa  poaaible,  **  technicality  ;**  and  haa  given,  if  he  doea  not  flatter  hinwn 
too  much,  to  each  diaeaae  of  which  ne  treata,  ita  appropriate  and  dengnating  characteta,  with  a  fidelity 
that  will  prevent  any  two  beini;  confounded  together,  with  the  beat  mode  of  treating  them,  that  either 
hit  own  experienre  or  that  of  others  has  suggested.  Physicians  cannot  too  strongly  recommend  tbe  um 
of  this  book  in  all  families. 


^r/N 'vA^.r\ /v/>.n.»v<^# 


A  NEW  WORK,— DUNGLISON'S 
THERAPEUTICS  AND  MATERIA  MEDICA. 

GENERAL  THERAPEUTICS  AND  MATERIA  MEDICA,  ADAPTED  FOR 
A  MEDICAL  TEXTBOOK,  BY  ROBLEY  DUNGLISON.  M.D.,  Professor  of 

Institutes  of  Medicine,  &c.,  in  2  vols.  8vo. — Just  ready. 

A  second  edition  of  the  woric  on  General  Therapeutics,  being  called  for  by  the  publishera,  the  author 
has  deemed  it  advinable  to  incorporate  with  it  an  account  of  the  different  articles  of  the  Materia  Meriica.  j 
1'o  this  he  has  been  led  by  the  circumstance,  that  the  depnrtmenta  of  General  Therapeutic*  and  Materia 
Medica  are  always  associated  in  the  Medical  Schools.    The  author's  treat  object  has  been  to  prepan*  a  ! 
work  which  may  aid  the  Medical  Student  in  acquiring  the  main  results  of  modern  obserration  and  reflec'  l 
tion  ;  and.  nt  the  same  time,  be  to  the  Medical  Practitioner  a  trustworthy  book  of  reference.  I 

Throughout,  lie  has  adopted  the  Nomenclature  of  the  last  edition  of  tbe  Pharmaco|KPia  of  the  United 
States,  a  work  which  ought  to  be  in  the  hands  of  every  practitioner  as  a  guide  in  the  preparation  of 
medicincji;  and  he  has  endeavoured  to  arrange  the  articles  in  each  division,  as  nearly  as  he  could,  in  the 
order  of  their  efficacy  as  Therapeutical  agents. 


/VVA/VN/\/W/N/V\/ 


DEWEES'  MIDWIFERY. 

A  COMPENDIOUS  SYSTEM  OP  MIDWIFERY,  chiefly  designed  to  faciliute 
the  inquiries  of  those  who  may  bepursain?  this  branch  of  studjr.    Illustrated  by  occa- 
sional cases,  with  many  plates.    The  ninth  edition,  with  additions  and  improvementa, 
by  W.  P.  DEWEES,  M.D.,  late  Profeseor  of  Midwifery  in  the  University  of  Penn- 
I  aylvania,  in  one  volume  8va 


LEA   &  BLANCHARD*S  PUBLICATIONS. 

A  NEW  WORK  ON  ANATOMY, 

WITH  ONE    HUNDRED  AND  SEVENTY  ILLUSTRATIONS. 

A  SYSTEM  OP  HUMAN  ANATOMY,  GENERAL  AND  SPECIAL,  BY 
ERASMUS  WILSON,  M.D.,  Lecturer  oo  Anatomy,  London.  The  American  edi- 
tion, edited  by  Paul  B.  Godda&d,  A.M.,  M.D.,  Demonatrator  of  Anatomy  in  the  Uni« 
veruity  of  Pennsylvania,  Sic, ;  with  one  hundred  and  seventy  illuatrationa  on  wood,  by 
Gilbert,  from  designs  prepared  expressly  for  this  work,  by  Baggf,  printed  from  the 
second  London  edition,  in  1  vol.  8vo. — Juti  ready. 

"  An  eltgant  edition  of  one  of  the  nuwt  ueeflii  aid  accarate  Bjntrne  of  Anatomical  Science,  which 
hif  betfn  iesued  flrom  the  preM.  The  illuiuationa  are  really  beautiful,  and  their  execution  reflect*  the 
higheet  credit  on  the  able  American  artlet  who  copied  them  foi  tbie  edition  ot  the  work.  In  its  ityle  the 
work  ii  extremely  conciee  and  intellifiUe.  Dr.  Ooddard  baa  added  a  noaber  of  valuable  notoe,  and  haa 
made  pome  judieioue  alieratione  of  naroea.  No  one  can  poaribly  Uke  up  thia  volume  without  being 
•truck  with  the  great  beauty  of  ite  mechanical  execution,  and  the  clearneai  of  the  deacriptiona  which  it 
contains  is  equally  evident.  Let  Studenie.  by  all  meana,  examine  the  daima  of  thie  work  on  their 
notice,  before  ihey  purchaae  a  text>book  of  the  vitally  Important  aeience  which  thia  volume  ao  ftiUy  and 
eaaily  unfoldi."— Z<a«c«<* 
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HOPE  ON  THE  HEART -WITH  PLATES. 

A  TREATISE  ON  THE  DISEASES  OP  THE  HEART  AND  GREAT  VES- 
SELS,  AND  ON  THE  AFFECTIONS  WHICH  MAY  BE  MISTAKEN  FOR 
THEM,  COMPRISING  THE  AUTHOR'S  VIEW  OF  THE  PHYSIOLOGY 
OF  THE  HEART'S  ACTION  AND  SOUNDS,  AS  DEMONSTRATED  BY 
HIS  EXPERIMENTS  ON  THE  MOTIONS  AND  SOUNDS  IN  1830,  AND 
ON  THE  SOUNDS  IN  1834-«,  BY  J.  HOPE,  M.D.,  F.R.S.,  of  St  George's 
Hospital;  fonnerly  Senior  Physician  to  the  Maijlebone  Infirmary;  Extraordinary 
Member,  and  formerly  President,  of  the  Rp^al  Medical  Society  of  Edinburgh,  dbc. 
First  American  from  the  Third  London  Edition,  with  Notes  and  a  detail  of  recent 
Experiments,  bv  C.  W.  PmHocx,  M.D.,  Attending  Physician  to  the  Philadelphia 
Hospital,  Blockley.    In  1  vol.  8?a 

**  The  addition  of  oae-third  of  new  matter  to  tfe  preeent  volume,  and  the  care  with  which  the  whole 
haa  been  revieed  and  corrected,  will,  I  truat.  auflkicntly  prove  my  reepect  for  the  flivourable  oiAnion  of 
my  proABfiional  brethren,  aa  evinced,  not  in  thia  country  only,  but  aleo  on  the  European  and  American 
cnntioenta,  by  the  aale  of  no  Icm  than  sii  or  wven  editiom  and  tranalationa  in  aa  many  yeara.**-^jKa- 
trMt  from  FnfMC§. 

■ 

MEDICAL  REMEDIES. 

NEW  REMEDIEa    THE  METHOD  OF  PREPARING  AND  ADMINIS- 

TERING  THEM ;  THEIR  EFFECTS  UPON  THE  HEALTH  AND  DISEASFJ) 

ECONOMY,  &c  Sic.,  BY  PROFESSOR  ROBLEY  DUNGLISON.    Third  edi- 

tion,  brought  up  to  1841.     In  one  volume  octavo. 

Thia  work  containa  artidea  that  have  been  recently  Introduced  into  the  Materia  Medica ;  or  old  artkieai 
that  have  received  new  ajvplicatlonii,  eoroe  of  thew  are  in  the  leneral  worka  on  IMaleria  Mediea,  bat 
their  propertiea  are  only  hrittfly  referred  to.  In  thia  work,  the  experience  of  individnale  ie  ezteneively 
fiven,  with  reference  to  the  orifitial  papera.  Under  Iodine,  for  example,  all  the  inlbrmalion— pharma* 
ceutical  and  therapeutical— «jn  to  the  time  of  the  publication  of  the  work,  if  aflbrded,  with  the  preacrip- 
tiona  that  have  been  propoeed  by  varioua  obaervera;  each  Micceasive  edition  baa  incorporated  with  It  the 
reault  of  recent  experience,  and  i9  tliarelbre  "  new.** 

MIDWIFERY  WITH  CUTS,  A  LATE  WORK. 

A  SYSTEM  OP  MIDWIFERY,  WITH  NUMEROUS  WOOD  CUTS,  BY 
EDWARD  RIGBY,  M.D.,  Physician  to  the  General  Lyin^-in  Hospiul,  Lecturer  on 
Midwifery  at  St  Bartholomew's  Hospital,  dtc.,  with  notes  and  additional  Illustrations, 
by  an  American  Practitioner.    In  one  volume. 

The  late  Profeaeor  Deweee,  into  whoae  handa  thie  volume  wae  plac(*d  a  f^w  wecke  before  hie  death,  in 
returning  it.  exnreeeed  the  moat  (kvnurable  opinion  of  ita  merila.  The  Judgment  of  euch  high  authority 
aboQid  conmena  it  to  general  Aivoar. 


^^^^W^^^^kMA^ 


DISEASES  OF  FEMALES. 

A  TREATISE  ON  THE  DISEASES  OF  FEMALES,  WITH  NUMEROUS 
ENGRAVINGS,  BY  THE  LATE  PROFESSOR  W.  P.  DEWEES,  in  one  volume 
6vo— the  Seventh  Edition,  revised  and  corrected. 


LEA  4t  BLANCHARD'S  PUBLICATIONS. 


DISEASES  OF  FEMALES,  PREGNANCY  AND  CHILDBED. 

THE  PRINCIPAL  DISEASES  OP  FEMALES.  TOGETHER  WITH  THE 
DISEASES  INCIDENT  TO  PREGNANCY  AND  CHILDBED,  CHIEFLY  FOR 
THE  USE  OP  STUDENTS,  BY  FLEETWOOD  CHURCHILL.  M.D.,  Lecturer 
on  Midwifery  and  Diseases  of  Women  and  Children,  in  tiio  Richmond  HospitaU  School 
of  Medicine,  die  &c,  with  Notes  and  Additions  by  R.  M.  Htoton,  M.D.,  Professor,  dbc. 
in  the  Jeftrson  Medical  College.  Second  American  Edition,  m  1  vd.  Sra — Just  readf^ 


iAAAAA/V\A^ 


DUNGLISON'S  PHYSIOLOGY -WITH  ILLUSTRATIONS. 

HUMAN  PHYSIOLOGY,  ILLUSTRATED  WITH  OVER  TWO  HUNDRED 
ENGRAVINGS  ON  WOOD;  BY  PROFESSOR  ROBLEY  DUNGUSON;  the 
fourth  edition  with  namerous  additions  and  modifications,  in  3  vols.  6ra 

This  work  is  oeeopiad  with  the  flioetiou  eiooKted  by  bealtiiT  man.  It  cmbraoOT  a  general  «zpoaitio« 
of  the  Ainetiont;  the  new  viewi  entertained  in  regard  to  tbe  formation  of  tlie  tiMaaa;  but  ia  eapaeiallf 
Intended  to  give  an  accurate  view  of  the  actions  of  the  diflbrent  organs,  as  an  introduction  to  the  study 
of  pathology,  hygiene  and  therapeutics.  It  treats  moreover,  of  the  anatomy  of  the  organs  so  flur  as  is 
Bscenary  for  a  full  undersunding  of  the  fhnstions ;  and  is  largelv  illustrated  by  appropriate  engravinn. 
The  last  edition  contains  several  additional  illustrations  to  elucidate  either  topics  that  have  beea  alimdy 
touched  upon  in  the  work,  or  such  as  are  new.  Every  eflbrt  haa  been  nade  to  plaea  the  wosk,  ia  all 
reapeeta,  on  a  level  with  the  eilsting  state  of  the  sdenoa. 


•Vw"«."-  1 


THE  DISEASES  OF  THE  EYE. 

A  TREATISE  ON  THE  DISEASES  OF  THE  £YE»  BY  W.  LAWRENCE^ 

Surgeon  Extraordinary  to  the  Queen,  &c,  from  the  last  London  Edition,  with  nuoienNis 

additions,  and  sixty-seven  Illustrations,  many  of  which  are  from  orifnoal  drmwiagc 

By  Isaac  Hats,  M.D.,  Surgeon  to  the  Wills  Hospital,  d^,  dee.,  in  1  v6L  Svo^^ 

Juit  ready. 

The  cbaricter  of  this  work  is  too  well  established  to  require  a  word  of  eommendatioB— It  ia  Jestty 
eonsidered  the  best  on  the  sul^eet.  The  present  is  a  reprint  of  the  last  London  Edition,  whieb  appsarei 
in  1841.  completely  revised  and  greatly  enlarged  by  the  author— and  to  it  eoesiderable  additloosliave 
been  made  by  the  editor,  fleveral  sul^eets  onltted  ia  the  oricinal  are  treated  of  In  thia  editioa.  on  which 
oeeasion  Area  oee  has  been  made  of  the  work  of  Maekemie,  to  which  is  added  the  editor^  owa 
eaei,  derived  flrom  maay  years*  attention  to  the  suliJeGt. 
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THE  URINARY  ORGANS,  &c. 

LECTURES  ON  THE  DISEASES  OF  THE  URINARY  ORGANS,  BY  SIR 
R  C.  BRODIE,  BART.  F.R.S.  From  the  Third  London  Edition,  with  alterations 
and  additions,  a  small  8vo.  volume. — Now  ready. 

The  work  hsa  throughout  been  entirely  revised,  some  of  the  aathor*!  views  hare  been  modified,  and  a 
coosiderable  proportion  of  new  matter  ha*  been  added,  amoug  which  is  a  Lecture  on  the  C^>eration  of 
Lithotomy. 
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RICORD  ON  VENEREAL. 

A  PRACTICAL  TREATISE  ON  VENEREAL  DISEASES;  OR,  CRITICAL 
AND  EXPERIMENTAL  RESEARCHES  ON  INOCULATION,  APPLIED  TO 
THE  STUDY  OF  THESE  AFFECTIONS;  WITH  A  THERAPEUTICAL 
SUMMARY  AND  SPECIAL  FORMULARY,  BY  PH.  RICORD,  M.D.,  Sur|reon 
of  the  Venereal  Hospital  of  Paris,  Clinical  Professor  of  Special  Pathology,  dec 
Translated  from  the  French,  by  Henry  Pilkington  Drummond,  M.D.,  in  one  volume. 
— Now  ready. 

LAWRENCE  ON  RUPTURES. 

A  TREATISE  ON  RUPTURES,  BY  W.  LAWRENCE,  F.R.S.,  Author  of  a 
Treatise  on  the  Diseases  of  the  Eye,  &c.  &c.,  from  the  Fifth  London  Eidition,  consi- 
derably enlarged.     In  1  vol.  8vo. — Now  ready. 

The  peculiar  advantage  of  the  trpatfse  of  Mr.  Lawrence  is,  that  he  explaina  his  views  on  the  anatomj 
of  hernia,  and  the  diflerent  varieties  of  the  disease,  in  a  manner  which  renders  his  book  peculiarty  useflil 
to  the  student.    It  roust  be  superfluons  to  express  our  opinion  of  it*  value  to  the  surgical  practitioner 
As  a  treatise  on  hernia,  prescntinfr  a  complete  view  of  the  literature  of  the  Mibject.  it  itaods  in  the  first 
rank.— ;:i^tiift«rf  A  MedUml  and  Surgical  J^rnaL 
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MEDICAL  LEXICON,  BROUGHT  UP  TO  1842. 

A  NEW  DICTIONARY  OF  MEDICAL  SaSNCE ;  Containing  a  concise 
accoontofthe  varioot  Subjects  and  Terms,  with  the  French  and  other  BTnonymes,  and 
Formule  for  varioas  Officinal  and  Empirical  Preparations,  &c.  Third  IJdition,  broaght 
up  to  1642.  BY  ROBLEY  DUNGUSON,  M.D.,  Professor  in  the  Jefferson  Medical 
College,  dtc.    In  One  Volome,  royal  8?a 

**  TiM  pMMat  vadtrukiiw  wm  mg|«tted  by  the  fyeqaeat  eoraplainu,  made  Iqr  (be  sntlior*!  paftila,  tint 
they  were  onaMe  to  imet  With  infonnatloa  on  aaoiermia  toplca  of  ProAnional  Inquiry,— €iqiucially  of 
recent  introduction,— in  ttie  medical  dietionariea  aeceeaiMe  to  them. 

'*  It  may.  indeed,  be  correctly  afllrnied,  that  we  Iutm  no  dictionary  of  medical  tubjects  and  termi  which 
can  be  looked  upon  aa  adapted  to  the  etate  of  the  icienee.  In  proofof  thia  the  author  need  but  to*remark, 
that  he  haa  found  occaaion  tn  add  aaveral  tbouaand  Medical  Tenaa,  which  are  aol  to  be  met  with  in  the 
only  medical  leiicon  at  thIa  time  in  dreulation  iu  thia  country. 

'*  The  preaent  edition  will  be  found  to  contain  many  hundred  Terma  more  than  the  irat,  and  to  have 
experieaeed  nuBien>aa  Additiona  and  Maditotiona. 

**  llie  author'a  ol^jea  haa  not  been  to  make  the  wwk  a  mere  lexicon  or  dictionary  of  lenM,  bat  lo 
aibrd.  under  each,  a  condenaed  view  of  ita  varioua  medical  relatione,  and  thoa  to  ninder  the  work  an 
epitome  of  the  exiatiag  condition  of  Medical  Bdenee.** 

Thia  New  Edition  indadea,  in  the  body  of  the  work,  the  Index  or  Vocabaluy  of  flyaonynua  ttat  was 
in  the  former  EdiUonf  printed  at  the  ena  of  the  Volnme.  and  embracea  many  Correctiooa,  with  thn  addi- 
tion of  many  New  Worda. 

PEREIRi'S  MATERIA  MEDICA, 

EDITED  BT  DR.  CAR80N»  WITH  NEAR  THREE  HUNDRED  ENGRAVINGS  ON  WOOa 

ELEMENTS  OF  MATERIA  MEDICA  AND  THERAPEUTICS;  COMPR& 
BENDING  THE  NATURAL  HISTORY,  PREPARA*TION,  PROPERTIES, 
COMPOSITION,  EFFECTS,  AND  USES  OF  MEDICINES,  BY  JONATHAN 
PEREIRA,  M.D.,  F.R.S.,  Assistant  Physician  to  the  London  Hospital,  dtc 

Part  I,  eoataina  the  General  Action  and  Ciaaaifleation  of  Bledieinea,  and  the  Mineral  Materia  Madica. 
fart  II,  the  Yefeuble  and  Animal  Kinfdoma,  and  indudinf  diaframa  explanatory  of  the  Proeaaaea  of 
the  Pharmaoopaiaa,  a  Tabular  view  of  the  Hiatory  of  the  Materia  Medica,  Prom  the  earlieat  tlmea  to  the 
preaent  day,  and  a  very  copioua  index.  From  the  Second  London  Edition,  which  haa  been  thoroafhiy 
revioed,  with  the  Introduction  of  the  Prooeiaea  of  the  New  Edinbuifb  PharmaeopoBla,  and  eontaining 
additional  artidea  on  Mental  Remediea,  Light,  Heat,  Cold,  Electricity,  Magnetlam,  Exerdae,  Dietetlea, 
and  Climate,  and  maay  addiUonal  Wood  Cuta,  ilhiatrative  of  Pharroaoeatlcal  OpcrationB,  Crysiallo|ra« 
phy.  Shape  and  Organiiation  of  the  FtKulaa  of  Gonmeroe,  and  the  Natural  Hiatory  of  the  Materia  Meoica. 

The  olitlect  of  the  author  haa  been  to  aapply  the  Medical  Stadent  with  a  Claai  Book  on  Materia  Medka, 
containinf  a  Authftil  onUine  of  thia  Department  of  Medicine,  which  ahoold  enbraoe  a  eoadae  accoaat 
of  the  moat  important  modem  diacoveriea  in  Natural  Hiatory,  Chemiatry,  Ptaynology,  and  Tberapeutiea, 
in  eo  (kr  aa  they  pertain  to  Pharmacology,  and  treat  the  aalqccta  in  the  order  of  their  natuil  hiatorical 
relationa. 

Thia  great  lAkrurf  or  CfckpUU  ^MtUH»  JMbdfea  ia  now  pawinf  rapidly  tbroogli  the  nreaa,  and  will 
be  puMiahed  early  In  January.  The  American  edition  will  nave  nil  reforeneea  to  the  iJnited  Statea 
Phannaeopoda,witharaviaioB  and  aumeroqa  addittona.  by  JOSEPH  CARSON,  M.D.,  Prolhaaor  of  Materia 
Medica  and  Pharmacy  in  the  Philaddpliia  Ooll^a  of  Pharmacy,  and  one  of  the  edltoia  of  tha  AaMriean 
Journal  of  Pharmacy.    TV  /ana  tw§  kmtUtwu  eaftuM*  el  a  aiadtrali  frits,  JVbw  PaUuAadL 
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PRINCIPLES  AND  PRACTICE  OF  SURGERY,  WITH  CUTS. 

THE  PRINCIPIJ»  AND  PRACTICE  OF  MODERN  SUROERY,  BY  RO- 
BERT  DRUITT.  From  the  Second  London  Edition,  Ulostrated  with  Sfty  wood  en- 
gnvingB,  with  notes  and  ooomients  by  Josbua  &  FLnr,  M  J).,  in  one  volome  8va,  at 
a  low  price. 

BXTSACT  faOH  Tn  AirnK«*8  PaXPACfl. 

"  The  arrangement  of  a  work  of  thia  kind  ought  not,  aa  I  conceive,  to  be  regarded  aa  a  OMtter  oTaMre 
indiflarence,  or  at  moat  of  convenience,  but  it  ought  to  embody  in  it  aonetbing  of  a  principle;  and  I 
believe  that  the  arrangement  of  thia  work  may  be  oaeftal  to  the  atodent,  by  ahowing  htm  in  what  oidar 
he  may  beat  proaecate  hia  reaearchea  into  the  prineiplea  of  hia  profeaaion. 

**  Of  the  live  parte  into  which  it  ia  divided,  the  fliat  two  are  more  enecially  devoted  to  the  prladplei^ 
and  the  three  otbera  to  the  practice  of  anrgery.  The  lirat  part  treatt  of  the  diatnrbanoea  of  the  conalitu- 
lion  at  large,  that  may  be  produced  by  lajury  or  diaeaaa  of  a  part :  beginning  with  the  aimple  Alntnem 
or  cnllapea  that  followa  a  Mow,  and  proeeeding  to  conaider  the  vartetiea  of  ftver  aad  tetanaa.  . 

**  The  fecood  part  deacribea  what  may  be  called  the  elementa  of  local  diaeaae;  that  ia  to  aay,  thoae 
morbid  changra  of  atrurture  or  ftanttion,  which  are  prodoeed  either  immediately  by  external  cauaaa,  or 
aeeondarily,  thrnuph  aome  deviati6n  from  health,  Ike. 

•'  Tlie  third  part  trcafa  of  the  variooa  kinda  of  ii^uriea,  beginning  with  the  aimpleat  mechanical  ii^a- 
rlee ;  then  proceeding  to  the  eSbcu  of  elwmlcal  aganta,  and  laatly,  oonaideriog  the  eflbcu  of  animal 
poianna.  Ace 

"  The  fburth  part  conahlera  the  vartoaa  tiaMes,  ofgana,  and  ragiooa  of  the  body  ia  order,  aad  deaeribea 
the  variooa  aoadenta  they  are  liable  to,  Jfcc. 

**  The  llflh  part  deaeribea  each  of  the  operationa  aa  were  not  inahidcd  in  the  Ibnner  parte,  ke. 

•*  To  the  woole  ia  appended  a  eolleetion  of  Ibrmnte,  the  namber  of  which  ia  very  mncii  ineraaaed  in 
thiaediUon.** 
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FEVERS  OF  THE  UNITED  STATES. 

THE  HISTORY,  DIAGNOSIS  AND  TREATMENT  OP  TYPHOID  AND 
TYPHUS  FEVER,  WITH  AN  ESSAY  ON  THE  DIAGNOSIS  OF  BILIOUS 
REMITTENT  AND  OF  YELLOW  FEVER,  BY  EUSHA  BARTLETT,  M.D^ 
ProfeeBor  of  the  Theory  and  Pnctice  of  Medicine  in  the  Tranaylvania  Uoivernty. 
In  one  volume  8vo;  a  new  work. 


Notice  has  alraady  bMU  given  of  the  appeermnce  of  tbie  work :  we  have  beeome  aatisMI  of  its  etertiag 
value,  and,  tberelbre,  witiinut  be«ution,  ftrtl  JuMified  in  again  reeoaiHiending  it  to  the  imoMdiate  no- 
tice of  practitioners.— Ap«tm  Jttdital  mttd  Surgicmi  JHtntmi. 
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MULLER'S  PHYSIOLOGY. 

ELEMENTS  OF  PHYSIOLOGY;  BY  J.  M0LLER,  M.D.,  Profeaeor  of  Au- 
toroy  and  Physiology  in  the  University  of  Berlin,  &g.  Translated  from  the  German 
by  WiiiUAii  Balt,  M.D.,  Gradaate  in  Medicine  of  the  University  of  Berlin.  Ar* 
ranged  from  the  Second  London  Edition  by  John  Bill,  M.D.,  Lecturer  on  Hattria 
Medica  and  Therapeutics,  d&c.,  dbc.    In  One  Volume,  8va — Just  reMly. 

In  arrangingthe  Volame  now  oibred  to  American  readen,  fhmi  the  material!  ftamiriwd  in  MciXKB'f 
EtaxBifTs  or  PHTsioLoeT,  the  Editor  has  endeavoured  to  procure  reduction  in  fixe,  of  titis  latter,  with- 
out any  abstraction  of  its  vitality  and  mind.  With  this  view  be  has  omitted,  for  the  most  part,  mere 
disquisitions,  many  details  of  experiments,  matter*  of  physics  and  natural  philoeopJiy.  inrludiniE  roeclian- 
ics  under  the  bead  of  locomotion,  acoustics  and  the  theories  of  music  under  voire  and  baarinf.  and  of 
optics  under  vlsioB,--mach  of  the  minutia  of  comparative  physiology,  and  metaphysics  or  metairtiysioo- 
physiolofv.  But,  while  excluding  details  on  collateral  topics,  the  Editor  has  been  particularty  careful  to 
peaerve  Physiology  Proper,  which,  restinf  on  the  basis  of  Histoaeny  and  General  Anatomy,  iltrives 
imporunt  aid  fWm  Organic  Chemistry  and  If  icroscnpical  Obeervalioni,  and  in  its  turn  serves  to  iUas- 
trate  Hygiene.  Pathokity  and  Therapeutics.  Tlius  aided  and  thus  applied,  ia  the  manner  eabiMted  by 
Mflller  himself,  Phvsiology  will  invite  the  attention  of  the  Student  in  thi^  P^f^ 

It  will  soon  be  diseovemi  that,,  although  this  volume  is  an  abridgement  or  tne  large  work  of  Bluller,  it 
may  rightAilly  claim  to  be  oonsidned  a  complete  system  of  Physiology,  exceeding  in  copioasneas  aad 
eomprwenaive  details,  any  other  work  on  the  same  sulOect  which  has  yet  emanated  from  the : 
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ELEMENTS  OF  PHYSICS -WITH  WOOIK!UTS. 

ELEMENTS  OP  PHYSICS,  OR  NATURAL  PHILOSOPHY,  GENERAL 
AND  MEDICAL.  A  New  Edition,  complete  in  One  Volume,  written  for  univcml 
use,  in  plain  and  non-technical  lan^age,  and  containing  New  Diaqoiaitiona  and  Prac- 
tical Suggeationa;  comprised  in  Five  Parts:  1.  Somatology,  Statics  and  Dynamica. 
2.  Mechanics.  3.  Pneumatics,  Hydraulics  and  Acoustics.  4.  Heat  and  Light 
5.  Animal  and  Medical  Physics.  Bj  NEIL  ARNOTT,  M.D.,  of  the  Royal  College 
of  Physicians.  A  New  Edition,  revised  and  corrected  firom  the  last  English  Edition  ; 
with  additions  by  Isaac  Hats,  M.D.,  and  numerous  Wood-cuts. 


PRACTICAL  MINERALOGY  AND  GEOLOGY-WITH  CUTS. 

A  TEXT-BOOK  OP  GEOLOGY  AND  MINERALOGY,  WITH  INSTRUC- 
TIONS FOR  THE  QUALITATIVE  ANALYSIS  OF  MINERALS.  BY 
JOSHUA  TRIMMER,  F.G.S.,  with  Two  Hundred  and  Twelve  Wood-cuts.  A 
handsome  Octavo  Volume,  bound  in  embossed  cloth. 

Thi8  is  a  Systematic  Introduction  to  Mineralogy  smi  Geoloiry.admiraMv  calculated  to  instruct  the 
Student  in  those  sciences.  The  Organic  Remaini  of  the  various  Furioatiuns  arc  well  illu»trated  br 
numerous  figures,  which  are  drawn  with  great  accuracy. 

ELLIS'S  MEDICAL  FORMULARY  IMPROVED. 

THE  MEDICAL  FORMULARY  OF  DR  ELLIS;  being  a  COLLECTION 
OF  PRESCRIPTIONS,  derived  from  the  Writings  and  Practice  of  many  of  the  most 
eminent  Physicians  in  America  and  Europe.  To  which  ia  added  an  Appendix,  con- 
taining the  usual  Dietetic  Preparations  and  Antidotes  for  Poisons ;  the  whole  accom- 
panied with  a  few  brief  Pharmaceutic  and  Medical  Observations.  By  BEINJAMIN 
ELLIS,  M.D.  The  Sixth  Edition,  completely  revised,  with  many  Additions  and 
Modifications,  and  brought  up  to  the  present  improved  state  of  the  Science;  by  Samuel 
George  Morton,  M.D.,  Professor  in  the  Pennsylvania  College  of  Medicine,  dLc.,  &€. 
In  One  Octavo  Volume. 
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PRINCIPLES  OF  MEDICINE. 

THE  FIRST  PRINCIPLES  OF  MEDICINE,  BY  ARCHIBALD  BILLING, 
M.D.,  AM.,  Member  of  the  Senate  of  the  University  of  Lon4oo,  Fellow  of  the  Royal 
College  of  Physicians,  &c,  &c.  In  One  Volame,  8va  First  American  from  the 
Fourui  London  Edition. 

"  We  know  of  no  book  which  conuint  within  the  Muno  tpaee  to  moch.Talaahle  inforaiation.  the  remilt 
not  of  fanciAil  theory,  nor  of  idit  hypothMis,  but  of  clow,  peratvtfinf  Clinical  Obtenration,  accompauied 
with  much  ■oandn««a  of  Jiif|gai«nl,  and  eztraordinaiy  ilinical  tact."— JIfodif » Cktnrgi**l  RnUm. 


A  TREATISE  ON  FEVER.  By  Soathwood  Smith,  M.D.,  Physician  to  the  Lon- 
don Fever  Hospital,  fourth  American  edition.    In  one  volume  octava 

COATES*S  POPULAR  MEDICINE,  OR  FAMILY  ADVISER,  consisting  of 
Outlines  of  Anatomy,  Physiology,  and  Hygiene,  with  soch  Hints  on  the  Practice  of 
Physic,  Surgery,  and  the  Diseases  of  Women  and  Children,  as  may  prove  oseful  in 
families  when  re^lar  Physicians  cannot  he  nvocored :  being  a  Companion  and  Guide 
for  intelligent  Principals  of  Manufactories,  Plantations,  and  Boarding  Schools ;  Heads 
of  Families,  Masteii  of  Vessels,  Missionaries,  or  Travellers;  and  a  nseful  Sketch  for 
Youn^  men  about  commencing  the  Studv  of  Medicine.    By  Reynell  Coates,  BID. 

This  work  is  designed  to  supply  the  place  of  Ewells*  Medical  Companion,  which  is 
now  entirely  out  of  print 

OUTLINES  OF  A  COURSE  OF  LECTURES  ON  MEDICAL  JURISPRU- 
DENCE.  By  Thomas  Stewart  Traill,  M.Dh  with  notes  and  additions.  A  small  volume. 

A  PRACTICAL  TREATISE  ON  MEDICAL  JURISPRUDENCE,  with  so 
much  of  Anatomy,  Physiology,  Pathology,  and  the  Practice  of  Medicine  and  Surgery, 
as  are  Essential  to  be  known  by  Members  of  the  Bar  and  Private  Gentlemen;  and  all 
the  Laws  relating  to  Medical  Practitioners ;  with  Explanatory  Plates.  By  J.  Chitty, 
Esq.,  second  American  edition,  with  notes  and  additions  adapted  to  American  Works 
and  Judicial  Decisions.    In  One  Volume  Octava 

A  TREATISE  ON  PULMONARY  CONSUMPTION,  comprehending  an  In- 

Sjuiry  into  the  Nature,  Causes,  Prevention  and  Treatment  of  Tuberculous  and  Scro- 
ulous  Diseases  in  General    By  James  Clark,  M.D.,  F.R.S. 

A  PRACTICAL  TREATISE  ON  THE  HUMAN  TEETH,  showing  the  causes 
of  their  destruction  and  the  means  of  their  preservation,  by  William  Robertson.  With 
plates.    First  American  from  the  second  London  Edition.    In  one  volume  octava 

ANATOMY,  PHYSIOLOGY,  AND  DISEASES  OF  THE  TEETH.  By 
Thomas  Bell,  F.R.S.,  F.L.S.,  Slc  Third  American  edition.  In  one  volume  octavo, 
with  numerous  plates. 

DISSERTATIONS  ON  NERVOUS  DISEASEa  By  Dra.  James  Hope,  J.  C. 
Prichard,  John  Hughes  Bennett,  Robert  H.  Taylor  and  Theophilus  Thomson.  In  one 
volume  octava 

DISSERTATIONS  ON  DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 
By  Drs.  Williams,  Theophilus  Thomson,  W.  E  Carpenter,  and  W.  Bruce  Joy.  In 
one  volume  octava 

DISSERTATIONS  ON  FEVERS,  GENERAL  PATHOLOGY,  INFLAMMA- 
TION, AND  DISEASES  OF  THE  SKIN.  By  Drs.  Symonds,  Allison,  Christison, 
Slc  &a    In  one  volume  octava 

DISSERTATIONS  ON  DISEASES  OF  THE  DIGESTIVE,  URINARY  AND 
UTERINE  ORGANa  By  Drs.  Joy,  Symonds,  Thomson,  Ferguson,  d^.  die.  In 
one  volume  octava 

DISSERTATIONS  ON  HiEMORRHAGES,  DROPSY,  RHEUMATISM, 
GOUT,.  SCROFULA,  die.  &a  By  Drs.  Borrows,  Watson,  Shapter,  Joy,  die.  6ie. 
In  one  volume  octava 

The  above  five  volumes  are  from  the  Library  of  Practical  Medicine,  edited  by  Dr. 
Tweedie,  with  notes  by  Dr.  Gerhard.  Each  volume  is  complete  within  itself,  and  is 
for  sale  separately. 

THE  MEDICAL  STUDENT;  OR  AIDS  TO  THE  STUDY  OF  MEDICINE. 
Including  a  Glossary  of  the  Terms  of  the  Science,  and  of  the  Mode  of  Prescribing; 
Bibliographical  Notices  of  Medical  Works;  the  Rtgulatkms  of  the  diflerent  Mediod 
Colleges  of  the  Union,  die.    By  Robley  Danglisoii,  M.D.,  die.  dia    In  one  vol.  8va 
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ESSAYS  ON  ASTHMA,  APIITH.^  ASPHYXIA,  APOPLEXY,  ARSENIC, 
ATROPA,  AIR,  ABORTION,  ANGINA  PECTORIS,  and  other  sabjecU,  embraced 
in  the  Articles  from  A  to  Azote,  prepared  for  the  Cyclopedia  of  Practical  MedieiDe 
by  Dr.  Chapmnn  and  others.  Each  article  is  complete  within  itself,  and  embracea  tbe 
practical  experience  of  its  author,  and  as  they  are  only  to  be  had  in  this  oolleetiaa, 
will  be  found  of  great  value  to  the  profession.  The  two  volumee  are  now  offend  at 
a  price  so  low,  as  to  place  them  within  the  reach  of  every  practitioner  and  atodeoL 

OUTLINES  OF  PHYSIOLOGY ;  with  an  Appendix  on  Phrenology.  Bj  P.  IL 
Roget,  M.D.,  Professor  of  Physiology  in  the  Royal  Institute  of  Great  Britain,  &c. 
First  American  edition  revised,  with  numerous  Notee.    In  one  volume  octavo. 

GEOLOGY  AND  MINERALOGY,  considered  with  reference  to  Natarml  TheoloBy. 
By  the  Rev.  William  Buckland,  D.D.,  Canon  of  Christ  Chorch,  and  Reader  in  Geo- 
logy and  Mineralogy  in  the  Univeraity  of  Oxford.  With  nearly  one  hundred  eopper- 
platee  and  large  coloured  mapa  A  new  edition  from  the  late  London  edHion*  with 
supplementary  notes  and  additional  plates. 

THE  BRIDGBWATER  TREATISES,  complete  in  aeven  tolamea  octavo^  em- 
bracing : 

L  Tl»  A/daputlon  of  Exteraal  Ntlare  to  tbe  Moral  and  Intdlcetuil  OoBMitatioB  of  Man.    Bf  tfet 
R«v.  Thooiu  Chalmera. 
IT.  Th«  Adaptation  of  External  Nature  to  the  Phjreical  Conditioii  of  Bfta.    B^  John  Kidd,  if.D.r.EA 

III.  Aetronomv  and  General  Phyaice,  eonsidered  with  reference  to  Natural  Tbeolotj.  By  lbs  Bar. 
WUlian  Whewell. 

IV.  Tbe  Hand ;  its  Meehaniflm  and  rltal  EodowaieBta  aa  evincioff  DeaicB.  By  Sir  Charin  Bdl.  KJI.. 
F.R.8.    With  numeroua  wood'Cuta. 

V.  Chemiatry,  MeteoroloRT,  and  tbe  Funetioa  of  Digeetioa.    By  WllHan  Prout,  lf.D.P.B A 
Vr.  The  Riitory,  Habita,  and  Instincts  of  Animals.    By  tbe  Eev.  William  Kirhy,  if.A.P.RA 

trati>d  by  numerous  engraTinita  on  eopper. 

Vir.  Animal  and  VegetaMe  Physioloiy,  eonaidorad  with  laArence  to  Natoral  Tlicologjr.    Bjf 
Mark  Ro«et.  M.D.    Illustrated  with  nearly  flvt  hundred  wood-euts. 

VI  ri.  Oeolofy  and  Mineralofy,  considered  with  reference  to  Natural  Tboolocy.  By  the  Rov.  William 
Buckland.  D.DT  With  numerous  eniravinfa  on  eopper,  and  a  Uuffo  coloured  ouip. 

The  works  of  Buckland,  Kirby  and  Rof  et,  may  be  bad  separate. 

A  POPULAR  TREATISE  ON  VEGETABLE  PHYSIOLOGY,  by  W.  P.  Ckiw 

penter,  Author  of  Principlea  of  Human  Phyaiology,  dbc.,  puUiahed  under  the  UMpieei 
of  the  Society  for  the  Promotion  of  Popular  Instruction.  With  Qumeroos  wood-cots, 
in  one  volume  12roa 


A  POPULAR  TREATISE  ON  AGRICULTURAL  CHEMISTRY; 
for  the  use  of  the  practical  fanner,  by  Charlea  Sqoarry,  Chemiat    In  one  vol.  12aia 

ROGERS  ANIMAL  AND  VEGETABLE  PHYSIOLOGY,  with  nearly  fife 
hundred  wood-cuts,  in  two  volumes,  second  American  edition. 

THE  HISTORY,  HABITS,  AND  INSTINCTS  OP  ANIMALS,  by  the  Rev. 

William  Kirby,  M.A.F.R.S.    Illustrated  by  numerous  copperplate  engravmgSL 

The  Ninth  Bridgcwater  Treatise.  A  FRAGMENT,  by  Charles  Babtege,  Esq. 
From  the  second  London  edition.     In  one  volume  octava 

A  PRACTICE  OF  PHYSIC.  Comprising  most  of  the  diseases  not  treated  of  in 
Diseases  of  Females  and  Diseases  of  Children,  second  edition.  By  W.  P.  Dewees, 
M.D.,  formerly  Adjunct  Professor  in  the  University  of  Pennsylvania.    In  one  voL  8vo. 

ELEMENTS  OF  HYGIENE;  on  the  Influence  of  Atmosphere  and  Locality; 
Change  of  Air  and  Climate,  Seasons,  Food,  Clothing,  Bathing,  Sleep,  Corporeal  and 
Intellectual  Pursuits,  &c.,  on  Human  Health,  constituting  Elements  of  Hygiene.  JB^ 
Robley  Dunglison,  M.D.     In  one  volume  8va 

ABERCROMBIE  ON  THE  STOMACH.  Pathological  and  Practical  Researches 
on  Diseases  of  the  Stomach,  the  Intestinal  Canal,  the  Liver,  and  other  Viscera  of  the 
Abdomen.  By  John  Abercrombie,  M.D.  Third  American,  from  the  second  London 
edition,  enlarged.    In  one  volume  8vo. 


•V^'V>.-\.'WWW* 


DISEASES  OF  THE  SKIN. 


A  NEW  WORK. 


A  PRACTICAL  AND  THEORETICAL  TREATISE  ON  THE  DIAGNOSIS, 

PATHOLOGY,  AND  TREATMENT  OF  DISEASES  OF  THE  SKIN,  arranged 

according  to  a  Natural  System  of  Classification,  and  preceded  by  an  Outline  of  the 

Anatomy  and  Physiology  of  the  Skin.   By  Erasmus  Wilson,  M.  D.,  author  of  a  System 

I  of  Human  Anatomy,  d^.,  in  1  vol.  8vo. 


LEA    &    BLANCHARDf 

FHILADELFHIAi 

HAVE  RECENTLY  PUBLISHED 

THE  LETTERS  OF  HORACE  WALPOLE, 

EARL    OF    ORFORD. 

IN  FOUR  YOLUXES,  OCTAVO,  HANDSOVELT  BOUND,  CONTAINING  NEARLY 


NOW  FIRST  PUBLISHED  FROM  THE   ORIGINALS,   FORMING  AN  UNINTERRUPTED 

SERIES, 

FROM  THB  TEAR  1735  TO  1797. 

CONTAINING 

HIS    LETTERS   TO 

GEORGE  MONTAGU,  ESQ.— SIR  HORACE  MANN— RICHARD  WEST,  ESQ. 
—LADY  CRAVEN— GRAY  (thk  i-oet)— HON.  H.  SEYMOUR  CONWAY— 
JOHN  CHUTE.  ESQ.— SIR  DAVID  DALRYMPLE— REV.  WILLIAM  MASON 
—LADY  HERVEY— THE  EARL  OF  HERTFORD— RICHARD  BENTLEY, 
ESQ.— EARL  OF  STRAFFORD— MRS.  HANNAH  MORE— DAVID  HUME, 
ESQ^ COUNTESS  OF  AILESBURY  —  CAPTAIN  JEPHSON  —  GEORGE 
COL.MAN— MR.  PINKERTON— THE  MISS  BERRYS,  6lc  Ste. 

INCLUDING 

NUMEROUS    UNPUBLISHED    LETTERS. 

Nowfirtt  collected  and  chronologically  arranged.  In  thin  edition  the  namen  formerly 
only  indicated  by  initials  are  imerted  at  full  length.  The  whole  with  NtftcM^  illwh 
traiive  and  explanatory ^  from  MSS,  and  other  aoureci,     7b  which  are  added  hU 

REMINISCENCES; 

FORMING,  WITH  THE  LETTERS, 

AN  ANECDOTICAL  HISTORY  OF  A  GREAT  FART  OF  THE 

LAST  CENTURY. 

*«*  By  an  arrangement  with  the  former  publishers  of  Walpole's  Letters  to  Groroe 
Montagu,  Es^.  these  Letters  are  also  included  in  the  present  only  complete  edition  of 
the  Letters  ol  the  Earl  of  Orford. 

In  former  publications  of  florace  Walpole's  Letters,  the  effect  of  these  letters  arc 
rreatly  marred  by  the  suppression  of  names,  or  by  the  obscure  indications  of  them 
by  initials  only.  Nearly  half  a  century  has,  however,  now  elapsed  since  he  lived; 
and  when  it  is  considered  that  he  survived  almost  all  of  whom  he  wrote,  it  is  clear 
that  the  delicacy  which  rendered  this  obscurity  necessary  on  the  first  publication  of 
his  Letters,  exists  no  longer.  In  the  present  edition,  therefore,  these  provoking 
blanks  are  filled  up;  for  which  purpose  the  proprietor  possesses  advantages  not  at 
the  command  of  any  other.  To  enhance  the  value  of  the  collection,  a  considerable 
number  of  Letters  hitherto  existing  only  in  MS.  are  added,  and  the  whole  are  now, 
for  the  first  time,  chronologically  arranged  and  illustrated  by  anecdolical  and  bio- 
graphical Notes,  from  manuscript  and  other  sources. 

The  most  highlv-valoed  contributor  to  the  present  complete  collection  of  the  epis- 
tolary writings  of  the  Earl  of  Orford,  is  his  lordship's  latest  correspondent,  one  of 
the  ladies  to  whom  he  addressed  his  "  Reminiscences  of  the  Court  of  George  II." 
To  this  lady  the  world  will  be  indebted,  not  only  for  a  series  of  Letters  which  have 
never  seen  the  light,  but  for  a  variety  of  illustrative  and  interesting  Notes,  which 
she  alone  could  supply.  To  these  are  added  a  curious  commentary  on  the  **  Remi- 
niscences," supplied  by  the  Letters  of  Sarah,  Duchess  of  Marlborough,  and  now  first 
published. 

OPINIONS  OF  THE  PRESS. 

"  Horace  Walpole  may  decidedly  claim  pre-eminence  for  ease  and  liveliness  of 
expression,  terseness  of  remark,  and  felicity  of  narration  above  almost  all  the  epis- 


tolary  writers  of  Britain.  His  'Reminiscences  of  the  Reigns  of  George  I  and  IT,' 
make  us  better  acquainted  with  the  manners  of  those  princes  and  the  courts,  than 
we  should  be  after  perusing  a  hundred  heavy  historians;  and  futurity  will  long  be 
indebted  to  the  chance  which  threw  into  his  vicinity,  when  age  rendered  him  com- 
municative, the  accomplished  ladies  to  whom  these  anecdotes  were  commnnicated. 
The  letters  of  Horace  Walpole  are  indeed  masterpieces  in  their  way;  they  are  the  en- 
tertaining and  lively  registers  of  the  eay  and  witty  who  have  long  fluttered  and  flirted 
over  the  fashionable  stage,  till  pushed  ofl'by  a  new  race  of  pcrsifieurs.  Their  variety, 
as  well  as  their  peculiar  and  lively  diction,  renders  them  very  entertaining.  We 
shall  look  in  vain  to  history  for  such  traits  of  character  as  those  which  Horace 
Walpole  records  of  stout  old  Balmerino,  when  under  sentence  qf  death.  We  quote 
from  Mr.  Bentley's  general  edition  of  Walpole's  Letters,  a  collection  into  one  view 
and  regular  order  or  that  vast  correspondence,  which,  besides  its  unrivalled  beauty 
and  brilliancy,  has  the  more  important  merit  of  being  the  liveliest  picture  of  man- 
ners, and  the  best  epitome  of  political  history  that  not  only  this,  but  any  coimty  pos- 
sesses."—  Quarterly  Review. 

**  Walpole's  Letters  are  full  of  wit,  pleasantry,  and  information,  and  written  with 
f  singular  neatness  and  sprightliness.    Letters  are  certainly  the  honesiest  records  of 

great  minds  that  we  can  become  acquainted  with;  and  we  like  them  the  more,  for 
letting  us  into  the  follies  and  treacheries  of  high  life,  the  secrets  of  the  gay  and 
the  learned  world,  and  the  mysteries  of  authorship.  We  are  ushered,  as  it  were, 
behind  the  scenes  of  life,  and  see  gay  ladies  and  learned  men,  the  wise,  the  witty, 
and  the  ambitious,  in  all  the  nakedness,  or  undress  at  least,  of  their  spirits.  Wal- 
pole is  equallv  sprightly  and  facetious,  whether  he  describes  a  king's  death  and  fune- 
ral, or  a  quirk  of  Gfeorge  Selwyn;  and  is  nearly  as  amusing  when  he  recounts  the 
follies  and  the  fashions  of  the' day  as  when  he  solemnizes  into  the  sentimental."-^ 
t         Edinburgh  Review. 

"  One  of  the  most  useful  and  important  publications  that  has  issued  from  the  press 

for  the  last  quarter  of  a  century.    It  is  illustrated  with  notes,  drawn  up  with  con- 

!,  summate  tact,  and  is,  moreover,  embellished  with  numerous  portraits  of  many  of  the 

f  most  celebrated  wits,  statesmen,  and  beauties  of  the  last  century.    Such  a  work,  so 

V  enriched  with  all  that  is  necessary  to  render  it  complete,  is  one  of  the  most  YaluJ)ie 

that  any  lover  of  sterling  English  literature  can  possess." — Sun, 
"  As  a  book  of  reference,  this  edition  of  Walpole's  Letters  must  henceforth  take  its 
i  place  among  the  memoirs  and  histories  of  the  time.    As  a  book  of  gossip,  it  is  per- 

l  haps  the  completest  work  of  the  kind  in  the  English  language." — The  Times. 

f  "  One  of  the  very  best  works  of  its  class,  if  not  unique,  in  the  English  language:  a 

^  work  full  of  information,  full  of  anecdote,  and  full  of  amusement;  equallv  fit  for  the 

library  of  the  scholar,  the  dilettante,  the  artist,  the  statesman,  and  the  general 
reader." — Literary  Gazette, 

"  Walpole's  Letters  are  unequalled  in  our  language;  delightful  in  themselves,  and 
a  most  amusing  and  instructive  commentary  on  the  hi!$lory  of  parties,  and  of  the 
country,  from  1T35  to  171)7.  This  edition  contains  not  only  all  the  letters  that  have 
been  published,  but  several  hundred  more  which  have  hitherto  existed  only  in  manu- 
.script,  or  made  their  appearance  singly  and  incidentally  in  other  works;  tHe  whole  is 
arranged  in  chronoloc^ical  order." — Athcntrnm. 

'*  In  this  edition,  besides  the  letters  to  Miss  Berry,  are  some  to  the  Hon.  H.  S.  Con- 
way, John  Chute,  Esq.,  many  to  Lady  Suffolk— his  brother-in-law,  Charles  Churchill 
;  — Captain  Jcphson — the  Earl  of  Buchan — the  Earl  of  Charlcmont — Lord  Hailes — 

i  Gibbon— Mr.  Pitt  (ailcrwards  Earl  of  Chatham)— George  Hardinge— Mr.  Pembcr- 

lon,  and  other  distinguished  characters.  Explanatory  notes  in  many  parts,  add  to 
the  value  of  the  present  collection,  which  now  first  published,  enjoys  two  signal 
advantages  over  all  ils  predecessors.  It  is  the  only  complete  edition  of  the  incom- 
parable letters  of  this  'prince  of  epistolary  writers,'  as  he  has  been  justly  called; 
and  the  letters  themselves  are  arranged  in  chronological  order. "^Dudlin  Evening 
Mail. 

"  Horace  Walpole  never  disappoints  his  reader;  his  letters  are  invariably  preg- 
nant with  wit;  none  can  racoiUer  so  delightfully  as  he,  introduce  an  anecdote  with 
so  much  point,  or  paint  a  character  so  epigranimatically,  and  so  well.  His  fame 
is  now  fixed  beyond  the  chance  of  accident,  and  will  remain  so  until  wit  becomes 
obsolete,  and  dulness  a  desideratum.  Those  who  have  never  yet  read  Horace 
Walpole's  letters — and  they  must  be  still  in  their  teens— have  much  enjoyment 
before  them;  those  who  are  familiar  with  his  style,  including  all  who  deserve  to 
read,  will  here  renew  the  pleasure  they  have  so  often  experienced." — Morning 
Herald, 


* 


3 

THE    SPEECHES 

OF 

HENRY  LORD  BROUGHAM, 

UPON  QUESTIONS  RELATING  TO  PUBLIC  RIGHTS,  DUTIES, 

AND  INTERESTS, 

WITH  HISTORICAL  INTRODUCTIONS. 

In  two  handsome  volumes,  bound  in  embossed  cloth,  eft  law  sheep. 

CoNTBNTi. — Military  Flogging— -Clueen  Caroline — Libel  on  the  Durham  Clergy — 
Dissertation  on  the  Law  of  Libel — Commerce  and  Manufactures — Agricultural 
and  Manufacturing  Distress — Army  Estimates — Holy  Alliance— Slavery — Law 
Reform — Parliamentary  Reform — Education — Poor  Laws — Scotch  Parliamentary 
and  Bureh  Reform — Scotch  Marriage  and  Divorce  Bill — Establishment  of  the 
Liverpool  Mechanics*  Institute — Speech  on  Neutral  Rights — Affairs  of  Ireland — 
Speeca  at  the  Grey  Festival— Change  of  Ministry  in  1834 — Business  of  Parlia- 
ment— Maltreatment  of  the  North  American  Colonics — Speech  on  the  Civil  List 
— Privilege  of  Parliament. 

"  The  period  embraced  by  these  two  volumes  extends  over  a  space  of  thirty  years, 
from  1810  to  1840,  a  most  exciting  period,  during  all  of  which  Mr.  Brougham,  or 
Lord  Brougham,  played  a  most  distinguished  part;  and  upon  the  character  and  events 
of  which  he  excited  no  mean  influence. 

The  two  volumes  in  which  the  Philadelphia  publishers  have  put  forth  these 
speeches,  are  large  and  handsome.  The  speeches  themselves  all  treating  of  great  pub- 
lic questions  and  interests,  survive  and  will  live  long  and  far  beyond  the  occasions  that 
called  them  forth;  while  in  the  historical  introductions  to  each,  explanatory  of  the  time 
and  the  circumstances  in  which  it  was  made,  and  tracing  occasional  sketches  of  con« 
temporaneous  characters,  such  light  is  thrown  upon  the  whole  subject,  as  to  enable 
even  uninstructed  readers  to  enter  Anderstandlngly  into  the  merits  of  each  case.*^ — 
New  York  Amtrican* 

"  In  brief,  the  biographical  ligaments  which  bind  together  the  subjects  so  ably  han- 
dled in  these  volumes,  impart  compactness,  strength,  and  beauty  to  the  whole,  and 
the  head  of  a  family  who  introduces  such  works  to  his  sons  and  daughters,  secures 
to  them  an  inheritance  which  must  endure  to  them  for  the  whole  period  of  existence. 
As  to  the  author,  he  has  the  proud  assurance  that  the  benign  influence  of  his  labours 
will  endure  through  all  time,  and  to  a  lesser  or  greater  extent  over  every  nation  of 
he  earth.'* — Nali4mal  IrUeUigencer. 

"  It  would  be  useless  for  us  to  do  anything  more  than  call  the  attention  of  statists 
and  civilians  to  such  a  work  as  this — containing,  as  it  does,  all  the  chief  forensic 
efforts  of  one^of  the  mightiest  of  human  minds,  rich  with  great  and  varied  learning, 
and  clothed  with  the  drapery  of  an  eloauence  that  is  unsurpassed.  Here  are  col- 
lected all  the  speeches  oi  England's  intellectual  giant  upon  the  great  subjects,  the  agi- 
tation of  which  has  so  oAen  caused  the  British  isles  to  tremble  to  their  bases.  Who 
that  read  with  almost  breathless  interest  the  memorable  trial  of  Q,ueen  Caroline, 
twenty-one  years  ago,  will  not  be  eager  to  revive  the  history  by  a  perusal  of 
Brougham*s  mighty  speeches  in  behalf  of  that  singular  and  most  unfortunate  woman, 
as  revised  in  the  maturity  of  his  years  by  his  own  hand?  Where  the  lawyer,  or  the 
studious  layman,  who  does  not  wish  to  possess  Brougham's  stupendous  speech  upon 
the  great  law-reform  in  England  which  he  commenced?  Where  the  politician  who 
desires  not  to  possess  the  speeches  of  this  great  champion  of  human  liberty,  on  the  great 
reform  questions,  in  the  discussion  and  adoption  of  which  he  bore  so  distinguished 
a  parti  Who  does  not  desire  to  possess  all  the  speeches  of  this  great  philanthro- 
pist on  the  subject  of  the  poor  laws,  the  education  of  the  people,  the  law  of  libel,  and 
other  great  topics  of  universal  concemmenti  Well,  in  tne  two  large  volumes  before 
us,  all  these  proud  efforts  of  human  learning,  genius,  and  intellect,  are  embodied — 
each  speech  being  preceded  by-a  historical  introduction  of  the  occasion  and  circum- 
stances under  whicn  it  was  delivered.  No  English  library  will  be  complete  without 
these  volumes." — New  York  Comnurdal. 

"These  volumes  contain  a  mine  of  literary  and  political  wealth  strongly  charac- 
teristic, both  in  manner  and  matter,  of  this  great  and  original  genius.  The  inde- 
pendence, the  vigour,  the  manliness  of  thought,  which  is  here  displayed,  and  the 
stores  of  wisdom  and  learning  with  which  the  volumes  abound,  cannot  fail  to  secure 


for  their  illustrious  author  a  more  full  appreciation  than  he  has,  In  this  rotmitiy, 
especially  enjoyed.  Untrammelled  by  the  shackles  of  custom,  or  prejudice,  be  here 
rises  proudly  above  old  beaten  tracks,  and  with  a  sublimitv  of  moral  courage  chal- 
lenging the  warmest  admiration,  he  strikes  into  new  patns,  exposing  the  errors  of 
those  who  have  preceded  him  in  untiring  and  unceasing  labours,  and  proclaiming 
high  and  noble  principles  of  substantial  reform  and  melioration." — MadisonUn, 

*'  These  volumes  eznibit  the  power  and  profundity  of  his  genius  in  the  department 
of  intellect  in  which  he  is  perhaps  greatest.  The  publishers  have  conferred  a  sub- 
stantial benefit  on  the  lovers  or  forensic  eloquence,  by  placing  before  them  these 
noble  illustrations.  Lord  Brougham's  allusions  to  our  government,  national  charac- 
ter, and  struggles  for  independence,  are  compliments  which  a  great  and  growine 
nation  cannot  despise  when  offered  by  such  a  man.  In  fine,  this  is  a  book  which 
may  be  glanced  at  with  pleasure,  or  read  and  studied  for  deep  instruction  with 
which  it  is  fraught.  As  models  of  oratorical  composition,  these  speeches  should 
form  the  text-book  of  the  aspirant  for  forensic  honours." — New  Orleans  Bee 


THE 

ECCLESIASTICAL  AND  POLITICAL  HISTORY 

OF  THE 

POPES    OF    ROME, 

DURING   THE   SIXTEENTH  AND   SEVENTEENTH   CENTURIES^ 

By  LEOPOLD  RANKE, 

PR0FE680R  IN  THE  VNIYBRBITY  OF  BERLIN* 

TVanslated  from  the  German  by  Sarah  AusUn. 

In  9  yolumes. 

"  To  the  high  qualifications  of  profound  research,  careful  accuracy,  great  faimesi 
and  candour,  witn  a  constant  reference  to  the  genius  and  spirit  of  each  successire 
age,  common  to  the  historians  of  Germany,  Mr.  Ranke  ados  the  charm  of  a  singu- 
l£U'ly  lucid,  terse  and  agreeable  style." — Quarterly  Review. 

*'  It  is  hardly  necessary  for  us  to  say  that  this  is  an  excellent  book,  excellently 
translated.  The  original  work  of  Professor  Ranke  is  known'and  esteemed  wherever 
German  literature  is  studied;  and  has  been  found  interesting  even  in  a  most  inaccu- 
rate and  dishonest  French  version.  It  is,  indeed,  the  work  of  a  mind  fitted  both  for 
minute  researches  and  for  large  speculations.  It  is  written  also  in  an  admirable  spirit, 
equally  remote  from  levity  and  bigotry;  serious  and  earnest,  yet  tolerant  and  impar- 
tial. It  is,  therefore,  with  the  greatest  pleasure  that  we  now  see  it  take  its  place 
among  the  English  classics.  Oflhe  translation,  we  need  only  say  that  it  is  such  as 
'  might  be  expected  from  the  skill,  the  taste,  and  the  scrupulous  integrity  of  the  accom- 

j  plishcd  lady,  who,  as  an  interpreter  between  the  mind  of  Germany  and  the  mind  of 

Great  Britain,  has  already  deserved  so  well  of  both  countries.'* — Edinburgh  Review. 


LIVES  OF 

EMINENT  LITERARY  AND  SCIENTIC 

MEN  OF  ITALY. 

'  BY  MRS.  SHELLY,  SIR  DAVID  BREWSTER,  JAMES 

MONTGOxMERY,  AND  OTHERS. 

/  CONTAINING 

■ 

DANTE,  GALILEO,    PETR.\RCH,    TASSO,    BOCCACCIO.    VITTORIA    CO- 
LONNA,  LORENZO  DE  MEDICI,  TASSONI,  ARIOSTO,  MARINI,  MACfflA- 
VELLI,  Ac  &c 
!  In  2  volumes,  VZmo. 

"  These  volumes  contain  biographical  notices,  more  or  less  complete,  of  twenty- 
{  two  of  those  names,  many  of  which  not  only  constitute  the  glory  or  Italy,  but  have 

stamped  the  impress  of  their  genius  upon  all  succeeding  generations  in  every  civil- 


ited  Country.  The  Lives  commence  with  that  of  Dante,  and  end  with  Ugo  Foscolo, 
two  persons,  who,  in  the  character  of  their  minds  and  tone  of  their  feeling  and  sen- 
timentsi  seem  to  as,  though  living  so  many  centuries  apart,  to  have  borne  a  remark- 
able relation  to  one  another. 

"  The  subjects  which  these  volumes  embrace,  are  too  ample  for  discussion  within 
the  limits  of  a  daily  journal — all  that  we  can  say  is,  that  we  have  read  them  with 
great  satisfaction  ^and  constant  instruction.  In  general,  the  lives  are  treated  with 
sufficient  detail  as  to  facts  and  dates,  with  an  enlarged  philosophical  spirit,  with 
sound  and  discriminating  criticism." — N.  Y.  American, 


THE  CRITICAL  AND'  MISCELLANEOUS  WRITINGS  OF 

SIR  EDWARD  LYTTON  BULWER. 

AUTHOR  OF  **PSLHAM,'*  '<THB  DISOWNED,*'  &C. 

In  2  vols.  l2mo. 

"These  volumes  are  the  miscellaneous  writings  of  that  great  author — great  in  his 
genius,  great  in  his  attainments,  and  but  for  an  unhappy  obliquity  in  certain  of  his 
works  of  fiction,  great  in  all  his  writings.  But  in  these  essays,  we  have  not  those 
objectionable  pictures  which  we  mav  censure  in  his  novels.  We  may  differ  from 
the  distinguisned  author  in  some  of  nis  opinions  of  men,  and  things,  and  morals,  but 
as  a  whole,  his  miscellaneous  writings  must  command  the  applause  of  the  critic, 
while  they  rivet  the  attention  of  every  class  of  readers. 

"  It  is  refreshing  to  sit  down  and,  for  an  hour,  to  hold  converse  with  such  a  spirit  at 
Bulwer's;  to  sit  in  the  light  of  his  genius,  to  feel  its  warmth,  and  to  own  a  sympathy 
with  his  views.  We  forget  what  we  have  to  condemn  in  his  novels,  in  the  amount 
which  we  have  to  approve  in  his  essays."—  U.  S,  G€LzeUe, 


THE  CRITICAL  AND  MISCELLANEOUS  WRITINGS  OP 

HENRY  LORD  :BR0UGHAM. 

TO  WHICH  U  PREFIZBD, 

A  SKETCH   OF   HIS  CHARACTER. 

In  2  royal  l2mo,  volumea. 

Contents. — George  the  Fourth  and  Queen  Caroline — Diary  of  the  times  of  George 
the  Fourth.  The  Clueen's  letter  to  the  Bling.  Political  characters— Remarks  on 
an  article  in  the  Edinburgh  Review.  &c.  &c.  by  Sir  Herbert  Taylor.  Pubfic 
Characters — Correspondence  of  William  Pitt,  liord  Chatham.  Congress  of  Ve- 
rona—Chateaubriand and  Talleyrand.  Public  Character&^Blographical  Trea- 
surv  containingn  otices  of  the  lives  of  eminent  persons,  Slc.  Georee  the  Third 
ana  the  Catholic  Gluestion — Letters  from  his  late  Majesty  to  the  late  Lord  Kenyon 
on  the  Coronation  Oath,  &c.  &c  Discourse  on  the  Objects.  Advantages,  and  Plea- 
sures of  Science^  published  under  the  superintendence  of  the  Society  for  the  Diffu- 
sion of  Useful  K.nowledge.  Historical  note  on  the  discovery  of  the  Theory  of  the 
Composition  of  Water,  published  as  an  appendix  to  a  memoir  of  James  Watt. 
Review  of  "Black's  Lectures  on  the  Elements  of  Chemistry,"  from  the  Edinburgh 
Review  of  October,  1803.  London  University  and  Kind's  College— Second  State- 
ment by  the  Council  of  the  University  of  London,  explanatory  of  the  Plan  of  In- 
struction. Junius  Identified — The  identity  of  Junius  with  a  distinguished  livinjg 
character  established.  A  supplement  to  Junius  Identified—Consisting  of  fac-simi- 
les  of  hand- writing  and  other  illustrations.  Neutral  Q,uestion,  from  the  Edinburgh 
Review  of  October,  1807.  Revolution  in  France—Reflexions  sur  la  France;  vices 
de  son  Gouvemement;  causes  du  M^contentement  des  Francaisesous  le  Ministdre 
de  Polignac,  &c.— par  M.  St.  Maurice. 
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THE  FOURTH  EDITION  OF 

DUNGLISON'S  HUMAN  PHYSIOLOGY. 

ILLUSTRATED  BY  ENORAVIII08. 

WITH  NUMEROUS  ADDITIONS  AND  MODIFICATIONS. 

In  2  vohtmest  Bvo, 

"  Professional  readers  and  students  are  fully  aware  of  the  rahie  of  this  work;  but 
that  is  not  the  case  with  persons  unconnecte<lnvith  the  profession  of  medicine.  To 
such  persons  it  may  be  sufficient  to  say,  that  Dunglison's  Physiology  is  so  clearly  writ- 
ten, the  various  objects  so  well  illustrated  by  engravings;  in  short,  the  work  is  so  com- 
plete in  all  its  parts  and  as  a  whole,  that  the  knowledge  contained  in  it  is  available 
to  all  classes,  clerical,  legal,  medical,  or  commercial.  And  why  shoald  any  man 
who  is  liberally  educated,  remain  ignorant  upon  a  subject  of  so  much  interest?  What 
library  can  be  considered  complete,  wanting  a  good  book  of  reference  or  study  on 
the  subject  of  Physiologyl  The  book  under  notice  is  so  arranged  that  it  might  not 
be  improperly  designated  an  '  Encyclopedia  of  Physiology;'  and  examination  will 
satisfy  the  most  doubting,  that  it  is  the  most  complete  work  on  Physiology  at  pre- 
sent before  the  public." — NaL  Gazette, 

"  On  comparing  this  fourth,  with  the  third  edition  of  the  work  named  above,  it 
will  be  found  that  a  great  deal  of  labour  has  been  successful Iv  bestowed  in  improv- 
ing the  book.  It  is  only  by  comparison  that  the  superiority  ol'^the  fourth  edition  will 
be  recognized;  for  the  third  edition  is  so  full  and  clear  upon  all  the  various  points 
of  the  subject,  that  there  seemed  to  be  nothing  to  be  added.  Tet  we  find  the  learned 
author  offers  us  additional  facts  and  opinions,  directly  or  indirectly  drawn  from  the 
scientific  springs  of  Gkrmanv,  France,  and  England,  which  are  respectively  pUeed 
under  their  appropriate  heads  in  the  work,  instead  of  being  added  m  an  appendix 
with  letters  or  reference  at  the  bottom  of  the  pages — ^the  usual  practice  of  indolenK 
writers."— CT:  S.  GazetU, 


A  NEW  EDITION  OF 

ARNOTT'S  ELEMENTS  OF  PHYSICS; 

OR,  NATURAL  PHILOSOPHY, 

GENERAL  AND  MEDICAL. 
WRITTBN  FOR  VNIVERgAL  USE,  IN  PLAIN  AND  NON-TBCHNXCAL  LAKGVAGE. 

Complete  in  one  volume. 

Revised  and  Corrected  from  the  last  English  Edition, 

WITH  ADDITIONS  BY  ISAAC  HAYS,  M.D. 

From  the  National  Gazette. 
*  *'  This  most  excellent  text-book,  which  is  written  without  the  nse  of  technical  terra?, 

;  may  on  the  appearance  of  a  new  edition  be  again  commended  to  general  notice.  The 

.  various  treatises  formetly  issued  separately,  are  now  comprised  by  the  able  Ameri- 

can editor  in  one  volume.    It  is  thus  briefly  noticed  in  waldie's  Library: 
f  "  *  Arnott's  Physics  has  long  been  a  favourite  text-book  of  natural  philosophy  in 

i  our  colleges  and  higher  schools.   Its  plain,  popular  style,  the  familiarity  of  the  illus- 

f  trations,  the  strictly  practical  character  of  the  instruction  it  contains,  and  its  scien- 

i  tific  accuracv,  place  it  in  the  hrst  rank  of  works  in  this  department  of  knowledge. 

{  The  edition  betore  us  is  just  published:  it  contains  the  results  of  all  the  recent  inaui- 

'  ries  in  the  various  departments  of  physics,  and  the  whole  work,  hitherto  published 

in  several  volumes,  but  now  comprised  in  one,  becomes  the  cheapest  and  best 
work  extant  on  the  subject.  It  will  soon  be  exclusively  used  in  colleges  and  high 
schools.' 

**  This  treatise  is  superior  to  any  similar  work  with  which  we  are  acquainted,  for 
general  use.  It  is  written  in  a  plain  and  familiar  style,  without  the  nse  of  technical 
terms  and  descriptive  words  derived  from  dead  languages,  and  not  to  be  understood 
but  bv  scholars  and  men  who  have  made  languages  and  sciences  the  study  of  years. 
We  know  of  no  work,  unless  it  be  Bigelow's  T\chnclogy^  that  can  bear  any  com* 
parison  with  this  as  an  entertaining  and  instructive  book  for  families  or  schools."-— 
Boston  Courier, 


A  THIRD  EDITION  OP 

THE  BIOGRAPHY  AND  POETICAL  REMAINS 

OF  TBE  LATE 

MARGARET  MILLER .  DAVIDSON. 

BY  WASHINGTON  IRVING. 
In  CM  volvme^  handsomely  bound  in  embossed  cloth* 

*'  The  volume  here  presented  is  very  attraclire.  The  Biography  by  Irving  de* 
rives  a  great  interest  from  the  affectionate  dignity  with  which  a  mother,  not  unwor- 
thy of  such  daughters,  seems  to  have  preserved  the  record  of  the  development  of  the 
powers  of  mind,  and  graces  of  character,  of  her  gifted  and  fated  child;  while  the 
prose  aad  poetical  remains  attest  the  taste  and  talent  which  a  premature  grave 
snatched  from  the  world/' — New  York  American. 

«  The  particulars  of  Margaret's  career,  which  have  been  obtained  by  Mr.  Irving 
principally  from  her  mother  and  Ihmily,  and  are  recorded  in  his  usual  fascinating 
style,  will  be  found  of  intense  and  melancholy  interest;  her  poetical  efforts,  from  the 
age  of  eight  years  till  her  eaily  death  at  fifteen,  display  an  activity  of  intellect  truly 
remarkable,  and  which  will  too  readily  account  for  her  premature  decease.  This 
work  cannot  fail  to  find  high  favour  with  the  public." — Pemuy^vantan. 


THE  POETICAL  REMAINS 

OF  THS  LATE 

LUCRETIA  M-  DAVmSON- 

COLLECTED  AND  ARBANOED  BY  HER  MOTHER. 
WITH  A  BIOGRAPHY  BY  MISS  SEDGWICK. 

In  ome  handaome  volume^  to  match  Irting'n  Biography  af  Margaret. 

'*  We  have  read  the  contents  of  these  volumes  with  serene  and  sober  delight 
They  possess  a  charm  which,  to  us,  is  irresistible,  and  which  forbids  the  intrusion  of 
any  otner  feeling  than  one  of  respect,  of  wonder,  or  of  love.  The  pieces  in  the 
volume  now  before  us,  (which  is  printed  and  bound  in  a  style  to  correspond  with  the 
Remains  of  Margaret,)  are  mostly  tinctured  with  the  hue  of  melancholy;  there  are 
few  of  them  that  do  noC  convey  a  moral;  and  many  appear  to  have  Seen  written 
under  the  influence  of  serious  impresKiona  and  deep  devotional  feeling."— Jffoj<0ii 
Cpttfier. 

"  In  disposition.  Miss  Davidson  was  a  creature  of  surpassing  loveliness.  Her 
heart  was  full  of  noble,  pure,  generous  and  holy  motives  and  aspirations.  Nothing 
can  be  more  touching  than  her  history.  It  is  a  lesson  which  may  improve  every 
reader.  To  the  young  it  is  an  example  which  might  afiect  the  most  callous  and 
mend  the  most  depraved — an  example  of  devotion  to  every  duty — of  resignation 
under  affliction,  even  to  the  approach  of  certain  death.  Miss  Sedgwick's  memoir  is 
worthy  of  the  subject.  It  is  written  with  taste  and  feeling,  and  throws  a  charm  over 
the  works  of  the  lamented  poetess."— iViU.  Gazette, 


THE  POETICAL  WORKS  OF 

RSaZNAZiD    BBBBR, 

LATE  BISHOP  OF  CALCUTTA. 

Conwleie  in  one  handsome  volume^  botmd  in  embossed  clothe  or  in  extra  -, 

.  ^  bindings^  with  gilt  edges. 

"  The  name  of  Bishop  Heber  is  dear  to  all  who  love  to  see  intellectual  power  In 
connection  with  great  moral  worth.  The  present  collected  edition  of  his  poems  will 
undoubtedly  acquire  a  considerable  circulation  among  those  who  justly  hold  his 
name  in  veneration.  The  light  of  his  genius  was  not  of  that  kind  which  *  lured 
astray,'  but  it  was  in  truth  '  light  from  heaven.'  Biany  of  his  smaller  pieces  are  ez^ 
ceedingly  beautiful  and  touching."— 7Vm«s. 

'*  Who  among  the  lovers  of  pure,  heavenly  poetrjr,  has  not  read  with  delight  many 
of  the  exquisite  productions  oi  this  eminent  and  highly-rifted  prelatel  1  can  con* 
ceive  of  no  higher  earthly  gratification  than  that  enjoyed,  and  unexpectedly  too,  by 
the  father  of  Heber,  who  was  one  of  an  audience  than  which  none  was  ever  more 
learned  or  distinguished,  before  which  the  son,  at  the  early  a^e  of  nineteen  years. 

Srononnced,  with  unsurpassed  grace  and  effect,  his  masterly  prize  poem, '  Palestine^' 
acluded,  of  course,  in  this  collection.    It  is  said  that  the  lather  was  carried  f^i^ti^ 
from  the  hali."— JIMtMnum. 
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THE  WORKS  OF  MRS.  HEMANS, 


INCLUDING  A  MEMOIR  BY  HER  SISTER, 

AND  AN  E88AY  ON  ^ER  OENIITS,  BT  MRS.  SIOOURNET. 

A  new  and  beautiful  edition,  printed  on  fine  paper,  with  a  portrait  of  the  author- 
ess, handsomely  bound  in  embossed  cloth,  or  in  calf  and  morocco,  extra,  with  gill 
edges,  forming  one  of  the  most  beautiful  presents  of  the  season. 

In  7  vols,  royal  i2mo. 

This  IS  the  only  complete  edition  of  the  works  of  Mrs.  Hemans,  and  eontaias 
many  new  poems,  together  with  other  matter  not  embraced  in  any  other  editioa  oC 
her  works. 


BXSBLB'S  CHRISTIAN  TBAR. 

THOUGHTS  IN  VERSE, 

FOR  SUNDATS  AND  HOLT  D^TS  THROUGHOUT  THE  TEAR. 

BY  THE  REV.  JOHN  KEBLE, 

PROFESSOR  OF  POETRY  IN  THE  UNIVERSITY  OF  OXFORD. 
**  In  quietness  and  confidenee  thill  be  your  streR^.**— Isaiab,  xzx.  15. 

The  Third  EdlUon, 

With  a  farther  revision;  and  an  Introduction  by  the  Rev.Qeorge  W.  Doane,  Bishop 

of  Kew  Jersey.    In  one  neat  volnme. 
"  These  verses  are  singularly  beauiillil  in  conception  andcompositioD,and  breathe 
the  purest  poetic  taste,  and  the  most  sincere  and  fervent  spirit  of  piety." — Guzetie, 

THE 

LIFE  AND  LITERARY  REMAINS  OF  L-  E.  L. 

(miss  landon.) 

BY    LAMAN    BLANCHARD. 

In  2  handsome  12i?io.  Folumea, 


A  MEMOIR  OF  THE 

LIFE  AND  WRITINGS  OF  MRS-  HEMANS, 

BY  HER  SISTER.  MRS.  HUGHES. 
In  one  Volume^  i2mo. 


SKETCHES  OF  CONSPICUOUS 

LIVING  CRARACTZSRS  OF  FRANCS. 

y  Containing  ThierVf  Chateaubriand,  Lafitte,  Guizot,  La  Martine,  George  Sand,  (Madame 

I  Dudevant,)  Odillon  Barrot,  Tho  Duke  dc  Broglie,  Soult,  Berryer,  Do  La  MeoDais,  Victor 

I  Hugo,  Dupiii,  Bcrangcr,  Arasfo. 

TRANSLATED  BY  R.  M.  WALSH. 

WITH  A  PORTRAIT  OF  THIERS. 

In  one  Volume, 


STORIES  FOR  VERY  YOUNQ  CHILDREN, 

ILLUSTRATED  BY  NUMEROUS  WOOD  CUTS,  CONf  AINING 

WINTER,  SPRING,  SUMMER  AND  AUTUMN, 

BY  MRS.  MARCET, 

AUTHOR  OF  CONVERSATIONS  ON  CHESOSTRT. 

In  Pour  Parts^  neatly  done  up  in  Printed  Covers^  arall  bound  in  one  Volume,  embossed 
cloth:  forming  an  interesting  Holiday  Present  for  Children, 
"These  four  little  quartos  are  very  appropriate  gifts  for  young  children,  and  now, 
too,  is  the  season  for  making  such  gifts;  their  authoress  is  quite  popular  with  the 
young,  and  these  contain  many  engravings  to  add  to  the  interest.  The  type  is  clear 
and  plain,  and  the  children  of  the  family  will  take  much  pleasure  in  spelling  out 
the  stories.— iUofntn^  Gazette, 
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WASHXNOTON  XRVIN O'S  WORKS. 

A  NEW  AND  BEAUTIFUL  EDITION 

or  THB 

WORKS  OF  WASHINGTON  IRVING, 

XMBIIACIMO 

**  THE  SKETCH  BOOk/'   <*  KNICKERBOCKER'S   NEW  TORK/' 

**  BRACEBRIDOE  HALL,"    **  TALES  OF  A  TRAVELLER,'* 

"  THE  CONQUEST  OF  GRANADA,"   **  THE  ALHAMBRA." 
In  Two  Royal  OcUto  VoIqidcs,  with  a  Portrait  of  the  Author. 

Each  of  the  Works  embraced  in  this  Edition  may  be  had  separately ^  in 

two  volumes  12mo. 


TBB  ROCK7  BIOUNTAINS: 

OR  SCENES,   INCIDENTS,   AND   ADyENTURES   IN  THE  FAR  WEST. 

Willi  two  large  Maps.     In  two  Volumes. 


ASTORZAs 

OR  ANECDOTES  OF  AN  ENTERPRISE  BBVOND  THE  ROCET  MOUNTAINS. 

In  Two  Volumes. 


A  HISTORY  OP  THE  LIFE  AND  VOYAGES  OP 

CRRISTOPRBR   COLUMBUlS. 

Revised  and  corrected  by  the  Author.     In  Two  Vols.  Octavo. 

TBB  CBA70N  MISCBLLAN7. 

OONTAimNQ 
**  A  TOUR  ON  THE  PRAIRIES,"   '<  ABBOTSFORD  AND  NEWSTEAD  ABBEY," 

**  LEGENDS  OF  THE  CONQUEST  OF  SPAIN." 

In  Three  Volumes,  12mo. 


THIS  BXSAUTIBS  OF  WASHZXTOTO V  ZRVZVO. 

A  small  volume  for  the  pocket,  neatly  done  up  in  extra  cloth. 

COOPER'S  NAVAL  HISTORY 

TRB  UNITBD   STATBS. 

In  two  handtome  volumet,  bound  in  embo§aed  elaih. 

A  new  edition,  revised  and  corrected,  with  an  index  to  the  volumes. 
"  The  History  of  the  Nairy  of  the  United  Slates  from  the  earliest  period  of  its 
existence,  in  the  dawn  of  the  Revolution,  through  all  its  discouragements,  reverses, 
trials,  and  glory,  was  a  task  worthy  of  the  author,  who  had  established  a  reputation, 
as  a  aescriber  of  nautical  events,  superior  to  that  of  any  other  living  writer.  The 
task  has  been  so  performed  as  to  leave  nothing  to  desire.  No  workofhigher  interest 
has  been  published  in  the  United  States  for  manv  years.  The  theme  is  one  which 
Mr.  Cooper  seems  to  treat  con  amore,  and  for  wnich  his  early  life  and  education 
fitted  him,  above  all  other  men.  If  we  are  not  mistaken,  the  publication  of  this 
book  is  calculated  to  heighten  the  alreadv  exalted  estimate  in  which  the  Navy  is 
held,  and  to  render  it  still  more,  if  possible,  a  favourite  with  the  nation.  Whilst 
Mr.  Cooper  has,  at  all  times,  given  full  credit  to  the  officers  and  crews  of  the  vessels 
whose  victories,  during  the  late  war.  shed  so  much  renown  upon  our  arms,  he  has* 
not  been  guilty  of  the  bad  taste,  which  a  writer  of  less  discrimination  would  scarcely 
have  avoided,  of  indulging  a  vainglorious  spirit  and  a  disparaging  tone  in  reference 
to  our  great  rival  upon  the  ocean.  The  glories  of  American  victories  are  ftiUy 
portrayed,  whilst,  at  the  same  time,  care  is  taken,  in  every  case,  to  exhibit  a  fidr 
and  impartial  estimate  of  the  strength  and  appointments  oi'^  antagonists'  vessels  or 
fleets.  In  this  way  the  work  acquires  the  credit  due  to  a  grave  and  impartial  hi** 
tory,**—BaUifiion  Ckronicle. 
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UR.  OOOPSR^S  VSW  VOVXSXn 

THE  DEERSLAYER; 

ORt 

THE    FIRST    WAR    PATH. 

A  TALE  OF  THE  EARLY  DAYS  OF  NATTY  BUMPO  AND  CHINOACnGOOK. 

By  the  author  of  "7%c  Ltut  of  the  Mohicans,''  ^^The  Prairie,''  "PiVmeerjr,"  ^'c.  i'c. 

In  2  volumes,  l2?no, 

"Written  in  Mr.  Cooper's  best  style;  the  style  which  won  him  his  repute,  and  by 
which  he  will  live.  'Di;er<; layer'  is  no  othcr'ihan  our  famous  Hawkeye,  immortal 
Leathcrstocking,  now  the  hero  of  Mr.  Cooper's  five  best  tales." — Examirur, 

"  All  who  perused  with  su  much  delight  the  earlie>tan(1  best  novelsuf  Mr.  Cooper, 
will  at  uncc  nnd  themselves  again  leduh,  in  this  new  romance,  by  the  same  spirit  of 
ardent  excitement  felt  while  reading  those  productions." — Globe, 

"  Mr.  Cooper's  earlier  romances  created  so  pleasant  a  sensation  among  novel 
readers  in  general,  that  they  will  hear  he  has  returned  to  the  style  of  his  etTurts  with 
no  little  gratification.  The  *  Deerslayer'  is  more  worthy  of  his'hi^h  reputation  than 
any  of  his  latter  productions;  it  is  indeed  a  stirring  tale  of  the  early  hi:^ory  of  Ame- 
rica— full  of  startling  incidents  and  thrilling  descriptions — the  characters,  though 
few  in  number,  arc  most  ablv  drawn,  and  the  locality  (foi  there  is  nu  change  of 
scene)  admirably  depicted.  The  heroine  is  quite  a  portrait;  and  *  Deerslayer'  one 
of  the  fine  borderers  peculiar  to  Mr.  Cooper's  iai\cii."^Lond.  Lit.  Gaz, 


MERCEDES  OF  CASTILE. 

A  ROMANCE  OF  THE  DAYS  OF  COLUMBUS. 

BY  THE  AUTUOR  OF  THE  "  PILOT,"  &C.  &C. 

In  Tico  volumes. 


A  FINE  EDITION  OF  THE 

LEATRERSTOCXING  TALES: 

EMBRACING 
The  Deerslayer,  The  Pathfinder,  The  Pioneers,  The  Prairie,  and  The  Last  of  ike 

Mohicans. 

In  Five  Volumes,  12mo.  bound  in  embossed  cloth. 

"  Cooper  has  now  followed  the  borderer  throug:h  every  stage  of  his  existence,  from 
the  younjf  scout  to  the  trapper  on  the  western  prairies.  The  five  tales  may  be  con- 
s.id»»n»d  as  fonninjj  one  ctmiinucd  story,  in  which  the  heroes  and  henuncs  of  the 
several  pl«)ts  are  aco«»ssaries  only  to  the  hisidpy  «»f  *  Hawkcve,'  around  whom  the 
chii'f  interest,  aOer  all,  revolve"^.  The  iilea  <if  carryinjr  one  character  ihrouirh  seve- 
ral tales  is  one  successfully  achieved  by  Sliakspeare,  and  we  may  also  say,  ^uocess- 
fully  imitated  by  Cooper." — Sut.  Kre.  Post. 


A  NKW  EDITION,  COMPLETE,  OF 

COOPER'S  NOVELS  AND  TAXiES. 

FORTY  VOLUMES  BOUND  L\  TWENTY. 

CONTAINIXO 
TTie  Spy,  Pioneers,  Pilot,  Lionel  Lincoln,  The  Prairie,  IVntcr  JFitch,    Wish'ton^ 
u*im,  iMst  if  The  Mohicans,  Red  Rover,  Bravo,  l^'avellinir  Bachelor,  Ihiflcnmaucr, 
Headsman,  Monnikins,  Precaution,  Ifameward  Bound,  Home  as  Pound,  Pathfinder, 
Mercedes  of  Castile,  and  The  Ikerslaytr, 

"  Also,  the  Second  Series  of  his  Novels  and  Tales,  containing  the  last  fourteen 
volumes  of  his  books,  bound  in  a  style  to  match  the  lirst  seiies  in  tweniv-six 
volumes. 

The  whole  of  the  Novels  by  Mr.  Cooper  are  now  tor  the  first  time  brought  within 
the  reach  of  the  public  in  a  uiiil'orni  .style,  and  at  so  low  a  price  as  to  claim  for  theiti 
a  very  general  circulation." 
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STANLEY    THORN. 

'  BY  HENRY  COCKTON, 

AUTHOR  OF  *'  VALENTINE  YOX,  THE  YENTRILOQUIST,*'  &€• 

WITH  NUMEROUS  ILLUSTRATIOWa 
DESIONED  BY  CRUIKSHANK|  LE£CH|  &C.  AND  ENORATED  BT  YEAGEH. 

Jn  one  royal  octavo  volume^  bound  in  emhoaatd  cloth. 

"  Who  has  not  roared  with  laughter  over  the  admirably  recorded  and  most  humor- 
ously conceived  adventures  of  "  Valentine?"  Many  of  our  contemporaries  have 
teemed  with  his  rare  '*  tricks"  and  side-splitting  encounters.  We  need  only  say  that 
Stanley  is  worthy  of  the  author  of  Valentine.  Henry  Cockton  is  destined  to  fill  a 
high  station  as  a  writer  of  pleasant  fiction,  and  he  has  already  proved  himself,  with 
perhaps  a  single  exception,  the  most  successful  rival  of  the  great  and  inimitable 
Bozr— Saturday  Courier, 

"In  makins^  a  withering  expose  of  the  nefarious  and  plundering  schemes  by  which 
young  men  of  fortune  are  surrounded  and  entrapped,  it  is  extraordinary  with  what 
consummate  art  the  author  of  the  new  story  of  Modern  Life, '  Stanley  Thorn/  has 
preserved  a  lofty  and  moral  tone  in  the  delineations  he  has  been  compelled  to  make. 
The  effects  of  his  pictures  of  bacchanalian  revelries,  gaming-houses  atrocities,  mas- 
querade dissipations,  turf  villanies,  bribery  at  elections,  fraudulent  money-raising. 
Ac,  leave  on  the  mind  of  the  reader  not  only  astonishments  that  such  things  should 
be,  but  a  hearty  abhorrence  of  them;  and  a  determination  to  make  the  disclosures 
available  as  beacons.  '  Stanley  Thorn'  will  probably  be  the  most  popular  work  of 
fiction  of  the  day.^^BeftOtfy's  MiuxUany, 


GUY    FAWKESj 

OR, 

THE    GUNPOWDER    TREASON. 

AN    HISTORICAL    ROMANCE. 

BY  WILLUM  HARRISON  AINS WORTH, 

AUTHOR  OF  **  THE  TOWER  OF  LONI>ON,"  *'  JACK  SHEPPARB,'*  &C. 

In  1  volume^  Svo.  with  Plates. 

**  We  look  upon  '  Guy  Fawkes'  as,  in  many  respects,  the  author's  best  production. 
The  incidents  of  the  story,  and  the  situations  of  the  chief  actors  in  it,  are  such  as 
enable  a  writer  possessed  of  his  peculiar  powers,  to  turn  them  to  the  best  possible 
account.  Deeply  read  in  the  history  of  the  time,  versed  in  antiquarian  lore,  and 
familiar  with  details  and  localities,  he  adds  to  these  qualifications  a  quick  suscepti- 
bility of  the  nature  of  effect^  and  the  power  of  grouping  his  figures  so  as  to  bring 
them  at  once  into  immediate  action,— attributes  which  are  eminently  serviceable  ins 
narrative  like  the  present.  In  his  happiest  efforts  we  are  often  reminded  of  the 
free  and  vigorous  pencil  of  the  Wouvermans.  In  seeking  a  romance  of  stirring 
character  and  intense  interest,  the  reader  will  assuredly  not  be  disappointed."— 
Morning  Herald. 


THS  PORCBLAINTOWBR; 

NINE  STORIES  OF  CHINA. 

COMPILED  FROM  ORIGINAL   SOURCES. 

BY  "T.T.T." 

WITH  HUMOROUS  ILLUSTRATIONS. 

Jn  one  volume. 
"  Full  of  all  sorts  of  fun,  wit,  humour,  and  pictorial  drollery  combined:  and  illns- 
trated  as  it  is  with  true  congenial  spirit,  by  Leech,  the  rising  artist  of  the  day,  we 


may  safely  recommend  it  to  h\V*— Globe, 
*' Replete  with  arch  drollery,  and  illustrated 


in  a  kindred  spirit  by  Leech.    A 
more  humorous  or  entertaining  little  volume  has  not  appeared  this  season." — Sum. 

"  A  very  humorous  and  amusing  volume.    The  illustrations  are  exceedingly  eo* 
MMdc."^A§orning  Herald. 
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BARNABY     RUDCE, 

wmi 


ENGRAVED  BY  YEAGER, 

TOGETBER 
WITH   OVER   FIFTY  ILLUSTRATIONS  ON  WOOD. 

lu  one  handsome  royal  8vo.  volume. 


A  NEW  EDITION  OF 

TRB   OXiD   CURZOSZT7  SHOP 

WITH    MANY    ADDITIONAL    ILLUSTRATIONS, 
Engraved  by  Veager^from  Designs  by  Sibaon; 

And  printed  on  cream-coloured  poper  to  match  the  other  works  of  ''Box.** 
TkU  edition  eontaint  upwards  of  One  Hundred  lUuetrotiono. 


POSTHUMOUS  PAPERS_OF_THE  PICKWICK  CLUB 

OLIVBR  TWIST; 

OK, 

THE    PARISH   BOY'S  PROGRESS, 

With  a  new  Preface. 


THE  LIFE  AND  ADVENTURES 

NICHOLAS  "nICXLBBV 


SKETCHES 

iLLtrnnATiTK  or 

BVBR7-BA7  ZJFB  AND  IIVSAT-BAT  PBOFIJEL 

All  the  above  works  are  printed  on  fine  paper,  with  illustrations,  and  handsomely 
bound  in  embossed  cloih,  to  match. 

The  addiiional  illustrations  to  the  *'  Old  Curiosity  Shop,"  engraved  by  Yea^or. 
from  designs  by  Sibson,  may  be  had  separate,  neatly  done  up  in  a  printed  cover. 

Cheap  editions  of  these  works,  without  plates,  are  also  published  by  L.  &  B.,  and 
can  be  uad  of  all  booksellers. 


TALES  AND  SOUVENIRS  OF  A 

RBSZDBNCB    IN    BUROFS. 

BY  THE  LADY  OF  A  DISTINGUISHED  SENATOR  OF  VIRGINIA. 

In  one  handsome  royal  volume,  bound  in  extra  embossed  clotJu 

"The  authoress  of  this  very  agreeable  volume  is  said  to  be  the  accomplished  wiO? 
of  a  distinguished  Senator,  whose  residence  abroad,  fur  a  number  of  years,  in  a  hi^h 
diplomatic  station,  afforded  opportunity  for  the  "  Souvenirs,"  which  are  now  grace- 
fully presented  to  the  public,  and  which  will  place  the  fair  gleaner  by  the  side  of 
those  of  her  own  sex  in  this  country  who  have,  by  their  writings,  vindicated  their 
claims  to  a  high  rank  in  the  scale  of  genius  and  practical  talent.  The  contents  of 
this  handsome  little  volume  are  Fragments  of  a  Journal,  a  Ballad,  and  Tales,  just 
in  sufficient  variety  to  give  evidence  of  much  diversity  of  talent,  with  very  consider- 
able power,  which  we  hope  to  see  employed  again  and  again  in  the  production  nf 
Works  like  this,  which  will  long  be  an  ornament  to  the  polite  literature  of  our  coun- 
try."— MadUonian. 


CONSERVED 

HARVARD  OOLLfiOE 
LBRARy 


